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FOREWORD

The symposium in Athens on 14-18 September 1870 was the fourth
held since 1961 by the FAQ and JAEA on the subject of radiation and radio-
isotope application in entomoleogy; however, it was the first symposium
devoted entirely to the sterility principle and related entomological studies
for insect control or eradication. A total of 89 participants from 38 coun-
tries and six international organizations attended, and the 49 papers pre-
sented, together with the discussions, are published in the present volume.

The meeting was held against a background of mounting interest in the
use of non-pesticide methods of insect control. Increasing food production
calls for better and more effective protection of the food in the field and in
storage against insects and pests which are estimated to devour about one-
third of the world's potential food production,

There is general agreement that continuing reliance on pesticides as
a sole method of insect control has numerous disadvantages, which have
been well publicized, yet effective alternative methods are not immediately
available. The alternative methods of pest control discussed at this sym-
posium have distinct advantages, since they leave no residues, are species-
gpecific, andif successfully and continually applied can lead to eradication,
The sterile-insect release method has already been successfully applied
for the control and eradication of several insect species and with further
development could be used against numerous other insects, Theoretically
the technique is applicable to all sexually reproducing species.

In the past ten years hundreds of insect species have been studied with
the evenmal aim of applying the sterility technigue. Significant advances
have been made in insect mass-rearing technology, and in the use of ioniz-
ing radiation and chemicals to induce sterility., An impressive number of
field trials have demonstrated that the sterility principle is indeed pro-
mising for the control of many insect species, yet much additional work
remaing to be done before the technique can be used on a large-scale
routine basis.

One of the most persistent barriers to the application of the technique
in area-wide insect suppression programs is the difficulty in obtaining funds
for the conduct of Jarge-scale field demonstrations for those species where
the required parameters have been- developed. In addition to high initial
cast, these programs require a smooth and efficient organization of ex-
perienced scientists and technicians; consequently the laboratory research
phase is more easily within the reach of the individual scientist. However,
as long as insects remain our primary competitors for food and fibre and
continue to transmif disease to man and iivestock while we at the same time
strive to avoid the continued and incréased use of pesticides there can be
no pause in the development of all alternative pest-control methods,

The organizers are very grateful to the Government of Greece for
acting as host for the symposium. The close co—operation of the staff of
the Greek Atomic Energy Commission, External Relations Office, was
indispensable in making this symposium a success.



EDITORIAL NOTE

The papers and discussions Incorporated in the proceedings published
by the International Atomic FEnergy Agency are edited hy the Agency's edi—
torial staff to the extent considered necessary for the reader's assistance,
The views expressed and the general style adopted remain, however, the
responsibility of the named authors or participants,

For the sake of speed of publication the present Proceedings have been
printed by composition {yping and photo-offset lithography. Within the limi-
tations imposed by this method, every effort has been made to maintain a
high editorial standard; in particular. the units and symbols employed are
to the fullest practicable extent those standardized or recommended by the
competent international scientific bodies.

The affiliations of authors are those given at the time of nomination.

The use in these Proceedings of particular designations of countries or
territories does not imply any judgement by the Agency as to the legal status
of such countries or territories, of their authorities and institutions or of
the delimitation of their boundaries,

The mention of specific companies or of their products or brand-names
does not imply any endorsement or recommendation on the part of fhe
International Atomic Energy Agency.
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Survey paper

STERILITY PRINCIPLE FOR INSECT CONTROIL.
Historical development and recent innovations

R, C, BUSHLAND

Entomology Research Division,
Agricultural Research Service,

United States Department of Agriculture,
Fargo, N. Dak., United States of Amnerica

Abstract

STERILITY PRINCIPLE FOR INSECT CONTROL: HISTORICAL DEVELOPMENT AND RECENT INNOVATIONS,

The sterile-male technique of insect contral, in the form so well known for its success in the
eradication of the screw~worm, Cochliomyia homimvorax (Coquerel}, uiilizes radlation-induced dominant
lethal mutations, Laboratory-reared insects are ster{lized by exposure to ionizing radiation and released in
overwheltning numbers to comnpete for mates in a native population, Many species of Diptera tolerate a
dose in the range of 5 to 1¢ kiad and can be effectively sterilized in this manner,

A similar dose administered to the boll weevil, Anthonomus grandis Boheman, causes so much radiation
damage to the midgut that it is necessary to use a chemoster{lant with selective action on the gonads to avoid
somatie infury.

Sterilization of Lepldeptera requires about 50 krad of gamima radiation to induce dominanz lethat
mutations in afl the sperm, Somatic damege from rhis large dose reduces vigour and mating competitiveness,
Aberrations in spermatophote transfer commonly result so the sparm of {rradiated males are not competitive,

A dose of about 15 krad does not completely sterilize moths, but their chromosomes undergo so many
modificetions, such as reciprocal ranslocations, that their Fy progeny, .though active at mating, aré almost
all sterile, The irradiated adults, since they are treated with only about one=third the ster{lizing dose, do
not suffer the severs somatic damage associated with complete sterilization and are vigorons and competitive,
Further, these males are able to tansfer their spermatophores praperly so that their sperm are competitive,

The sterile-male technique, as practised to date, requires that insects be reared in the laboratory or
be. collected in the field, be treated, and then be released to compete for mates [n nature, Except for those
instances where irradiation causes somatic damage that could be avoided by a chemosterilant with sefective
action, theze is no advantage in wsing chemical muragens for insect sterilization,

Many female insects mate only once because those females develop a mating avoidance response as a
result of a chemical recelved in the semen., A chemosterilant for males of such species need not be a
mutagen but could be a substance with physiological rather than genetic effects since competitive males —
but oot competitive sperm — are required, If such a chemosterllant were used to sterilize jnsects in nature,
the expense of rearing, treating, and distributing stertle insects would be aveided, and the economic
application of the sterile=male technique would be greatly advanced.

L

INTRODUCTION

I was invited to give this paper because I had the good fortune to be
involved in the first Insect sterilization experiments done with the practical
goal of developing a technique for pest eradication. In the ensuing 20 vears
of research in this field, I have had the privilege of associating with and
learning from young men especially trained in insect genetics, cytology,
and radiation biology. I will not bore you with a long list of insects subjected
to sterilization experiments, This information was reviewed by LaChance
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et al, [1] and is further documented in recent publications of the
International Atomic Energy Agency. In my talk today, I will attempt to

tell you how this still new field of entomology got started and what I consider
to be promising developments in control of insect reproduction.

SCREW-WORM ERADICATION

Our story begins in 1533 when the screw-worm, Cochliomyia
hominivorax (Coquerel), appeared in Georgia after accidental introduction
threugh shipment of infested cattle from Texas. The species is an
obligatory parasite of warm-blooded animals, and it is found only in the
Western Hemisphere, living year arcund only in tropical and sub-tropical
areas. In the United States, the insect survived the winter in the warmest
parts of those states bordering on Mexico, It spread several hundred
miles northward each summer but did not get far east of the Mississippi
River,

The 1933 infestation in the South-east spread from Georgia into Florida,
a sub-tropical peninsula where it was able to survive the winter cold. In
the summertime, screw-worms attacked livestock over much of the South-
east, but their range did not go far enough to merge with screw-worms
migrating north from the Texag overwintering area, Hence, there was a
new and isolated population widespread in summer, but in the wintertime
occupying only about 50 000 square miles of the Florida peninsula.

Workers of the United States Department of Agriculture studied the
biology of the insect in this new habitat and co-gperated with livestock
growers and State agricultural officials in attempting to eradicate screw-
wormas by treating infested wounds with a larvicide and by protecting live-
stock with a fly repellent, Since the insect is an obligatory parasite in its
larval stage and breeding is chiefly in livestock, it was hoped that an
intensive program of wound treatment would se reduce the inaect population
that eradication would result. This control program, conducted from
1935 to 1937, reduced but did not eliminate the screw-worm population;
it was able to maintain itself in neglected livestock and wild animails,

E.F. Knipling was one of the investigators studying the biology of the
screw-worms in the South-east in 1935 - 1937, In 1937, he iransferred
to the laboratory in Menard, Texas, where Melvin and Bushland {2] had
established a thriving colony of serew-worms by growing the larvae in a
medivm composed of ground meat, blood, water and preservative. The
adults were kept in cages where they could be readily observed, and
Knipling noted that there was a great deal of mating activity in the cages
during the 3rd to 5th day of adult life but that subsequently the flies seldom
mated though males continued to pursue females. In conversation with his
associates at the Menard laboratory, he speculated that the females mated
only once. He proposed that if females were monogamous it might be
economically feasible to eradicate the Florida screw-worm population if
some way could be found to sterilize the males since they could be reared
so cheaply in the laboratory. He thought it would be practical to overwhelm
the native population by releasing sterile flies in an integrated program
involving chemical control and good animal husbandry practices to restrict
the breeding of native flies, At that time, Knipling and I knew that
Muller [3] had developed a technique of increasing the mutation rate in
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Drosophila by irradiating males with X-rays. However, we were not aware
of the sterilizing effects of radiation. Our work assignment at Menard had
to do with laboratory and field testing to improve larvicides for use against
gerew-worms. We were soon assigned to other problems, and we did not
get back to serew-worm research until 1946,

By 1946, Knipling had been promoted to leadership of the Division of
Insects Affecting Man and Animals, Bureau of Entomology and Plant
Quarantine, and livestock insect research had been consolidated at a new
laboratory at Kerrville, Texas, where I was working. Thousands of organic
compounds had been screened as military ingeeticides during World War II
and were now to be screened as toxicants and repellents against insects
and arachnids affecting livestock and pouliry. Knipling therefore suggested
a concurrent study of the mating behaviour of screw-worm flies and the
techniques of sterilization that could be done by checking the fertility of
the flies that survived exposure to various chemicals, However, those
screening tests did not uncover any sterilants,

It was not uniil 1950 when A. W, Lindquist, then investigations leader
at the Entomology Resgearch laboratory at Corvallis, Oregon, called our
attention to the paper by Muller [4] that we learned of the sterilizing effects
of radiation-induced dominant lethal mutations. Knipling wrote to Muller,
outlined the Florida eradication problem, and inquired whether it would
be poseible to induce complete sterility in a fly and still have an insect that
could survive and compete for mates in nature. Muller was not certain but
felt that the experiments were worth trying. So we went ahead.

On preliminary experiments with X-rays [5] were successful. Then we
tried gamma radiation and were again successful [6], Testing indicated that
it was most efficient to irradiate pupae 2 days before adult emergence; that
a dose of 2500 rad sterilized males, and a dose of 5000 rad sterilized
females; and that pupae apparently tolerated doses of as much as 20000 rad.
Then, since it was not feasible to separate the sexes, we used the 5000-rad
dose in our first field tests., However, females sterilized with 5000 rad
sometimesg laid a few sterile eggs, and these eggs confused our resulis
because we could not tell whether they had been oviposited by released
females or by native females that had mated with sterile males, Therefore,
in 1954, we uged a dose of 7500 rad because femaleg ireated as pupae with
that dose cannot produce eggs. Ever since, the standard dose has been
7500 rad +10% administered to pupae 2 days before eclosion,

Beginning in 1952, we made field tesis on Sanibel Island off the west
coast of Florida. First we released fertile flies Iabelled with 32P and used
a portable survey meter to detect the radioactivity in both the released flies
and their eggs [7]. Some released flies were reared on the ground meat
medium, and others were reared on cattle injected with 2P to establish
that flies reared on animals or on artificial diet responded simijlarly, The
test resulis also showed that we could greatly outnumber the native
population if we released 100 sterile males/mile? per week — plus an equal
number of sterile females since it was not practical to separate the sexes.
At this rate of releage, we controlled the gcrew-worms on Sanibel Island,
but we could not eradicate them because the untrested mainland was within
the flight range of fertile flies,

A field test on the island of Curacao [8] was the first in which we
actually achieved eradication of the screw-worm. The early releases of
100 sterile males/mile? per week did not succeed, but a rate of 400 sterile
males/mile? per week did.
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After the success on the island of Curacao, Knipling [9] wrote his first
paper describing theories he had begun developing 18 years earlier. At the
same time, Lindquist [10] published his estimates of the dimensions of the
screw-worm populations,

Curacao has an area of only 170 mile?, so the experiment had involved
the release of only 136 000 flies/week. This scale was too small to allow us
to use the results there to project plans for eradication throughout Florida,
Therefore, & final pilot test was necessary in a larger area. We selected
a 2000-mile? section bordering the Atlantie Coast near Cape Kennedy where
SCrew-worins were even more abundant than on Curacao. Then we re-
leased 500 males/mile? per week for 10 weeks. Our pupose was not
eradication of the flies because the area was not isolated; however, we
found that egg masses cellected on trap wounds on animals located near the
centre of the treated area had the same degree of sterility as egg masses
collected on Curacao at the time when the population there began to decline.
Therefore, we considered that the results could serve as a base for realistic
planning for eradication of the serew-worm from Florida, Moreover, the
experience in mass rearing and large-scale distribution of sterile flies
had shown that the techniques were feasible.

The screw-worm eradication program in the United States has been
conducted by the Animal Health Division of the Agricultural Research
Service, U, 8. Department of Agriculture, in cooperation with agricultural
agencies of the States concerned and with the résearch support and advice
of the Entomology Research Division,

The release of sterile flies for eradication in Florida began in
January 1958 with flies reared at the facilities constructed for the pilot test,
From January until July, while a new 60-million-fly-capacity mass-rearing
facility was being constructed at Sebring, Florida, the pilot plant was used
to produce increasing numbers of sterile flies ranging from 1 to 14 million
flies per week.. Those early releases were made to take advantage of
unusually cold weather which reduced the overwintering area of screw-worms
to about the lower half of the peninsula, Because the pilot plant could not
produce encugh flies to treat the entire overwintering area, the production
that was available was used to make a sort of barrier zone about 200 miles
wide in northern Florida and southern Georgia to keep the flies from
extending their range with the onset of warm weather. (it was the success
of this barrier in restricting spring migration that subsequently led us to
conclude that a Scuth~-westernprogram would be feagible). Then, in July,
the Sebring facility began to operate, and it was possible to treat the whole
Florida peninsula as & unit. The procedure was as follows. Flies were
released at the rate of 400 males and 400 females/mile? per week 6 days a
week in flight lanes 12 miles apart. Each day the flight lanes were moved
80 that by the end of a week the area had been covered by 2-mile swaths and
by the end of 2 weeks by 1-mile swaths. The release zone was divided into
treatment areas with each area assigned to a pilot. Pilots flew 6 days a
week with their rest days staggered so the daily production of sterilized
ingects was distributed as freshly emerged flies. [n addition, wherever
screw-worms occurred, there was 'hot spotting’, additional releases of
sterile flies, The last recorded screw-worm infestation was found. in
June 1959; releases were terminated in November.

The Florida eradication program cost 10, 6 million dollars, but the
savings were estimated to exceed 20 million dollars annually, As a result,
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South-western livestock producers sought a similar program: there,
screw-worms were estimated to cost them about 100 million dollars a year.

Our original concept of screw=-worm eradication had encompassed only
the isolated population in Florida which could he treated as a unit. However,
the success of the barrier zone and of the hot spotting during the first few
months of the Florida program encouraged us to believe thai a South-western
program had a good chance of success, The overwintering area in Texas in
average years was shout 50000 mile?, approximately the same as the area
treated successfully in Florida; overwintering areas in the other South-
wegtern states were much smaller, Moreover, from the experience in
Florida, we were able to estimate that a South-western effort would cost
about 5 million dollars a year and that it would require 2 or 3 years to
achieve eradication and test a barrier zone, Livestock producers organized
the South-weést Animal Health Research Foundation and collected over
3 million dollars in donations from ranchers and farmers to provide haif
the estimaied cost of the program until funds to match the federal half
could be appropriated by State legislatures.

Within 2 years of the beginning of the South-west program in 1962,
screw-worms were eradicaied from Texas and New Mexico; in another
2 years, the whole south-western United States was free of this pest,
Migrant flies gtill invade the border states from Mexico and cause minor
infestations which sometimes persist a few generations hefore they are
wiped out, but there has been no continually breeding population in Texas
since 1864 or anywhere in the United States since 1966,

With inflation, the cost of maintaining the 1500-rnile-long harrier
between the United States and Mexico has increased to 6§ million dollars
a year, The Mexican government has co-operated so wholeheartedly
that in some areas the releases of sterile flies are made ag much as
350 miles into Mexico. It is hoped thai arrangements can scon be made
to extend the program to the Isthmus of Tehuantepec in Mexico where the
continent is only 150 miles wide or perhaps eveniually to the least expensive
location for a barrier zone, the Isthmus of Panama., Wherever the zone
is located, recurring infestations will be caused by migrating flies so the
program will be unending. However, there iz no doubt about its complete
and unqualified success,

STERILIZATION OF THE BOLL WEEVIL

One insect that has proved difficult to sterilize is the boll weevil,
Anthonomus grandis Boheman, Irradiation damages its midgut so severely
that sterile males are not competitive and soon die of starvation [11],
American investigators are therefore seeking a chemosteriiant that will
selectively attack the gonads and spare the midgut.

Klassen and Earle {12] were successful with busulfan when it was
mixed with the synthetic diet at a concentration of 0. 1% and fed for 6 days,
except that the females laid a small number of viable eggs, However,
busulfan cannot be used at a higher concentration without causing too much
damage to the gut; therefore, weevils sterilized in this way will probably
have to be separated by sex so that only males are released. Such
separation will itself be another prohlem because there iz no pronounced
zexual dimorphism, and some females are mistaken for males,
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being done today., However, his paper did not influence research in our
organjzation tntil recently when it was called to our attention by Curtis [13],

Several workers have reported progress in translocation research.
Curtis [20] has made remarkable advances with the tsetse fly, Glosgina
austeni Newstead, in view of the difficulty of rearing these insects and the
lack of genetic markers for their chromosomes, Laven [21] used trans-
locations to eradicate a cage population of Culex pipiens pipiena 1.. McDonald
and Rai [22] described a translocation involving three chromosomes in
Aedes megypti (L.) that was derived from a double translocation heterozygote,
Whitten [23] proposed that Lucilia cuprina (Wiedemann) can be controlled
in Australia by displacing the present wild-type population through release
of homozygous translocation stocks that bear genes for insecticide
sugceptibility or a conditional lethal mutation for cold susceptibility,

By using translocations, Wagoner [24] reconciled differences between
the Italian and Japanese systems of numbering chromosomes and established
& standard terminoclogy for the house fly karyotype.

He has genetic marker stocks to identify the chromosomes and had no
difficulty preducing 193 iranslocation heterozygotes by irradiating males
with 2000-2500 R of X-rays [25]. When these translocations involved two
chromoeosomes, sterility of the heterozygotes averaged 55%; when they
involved three chromoesomes, it averaged 66%; and when they involved four
chromoeosomes, it averaged 79%. However, the development of vigorous,
fertile, translocation homozygotes has been difficult,

Lagt year, Wagoner, lacking a translocation homozygote, released
male heterozygotes at a semi-isclated location in Florida in co-operation
with G. C. LaBrecque of the Division's Gainesville, Florida, laboratory.
{Mating of these released males with the native females was then indicated
by the recovery of recessive genetic markere and the translocation in the
progeny of native females,) Wagoner (unpublished) now has two homozygous
translocation stocks in the laboratory which, through back-crossing to
wild types, he is attempting to develop into strains sufficiently vigorous
for release as homozygotes,

I should emphasize that even with the chromosomes appropriately
marked, the development of a homozygous translocation stock is difficult,
Omne reason is probably the induction of detrimental and recessive lethal
mutations in males irradiated to induce reciprocal translocations, The
treatment to induce translocations may cause dominant lethal mutations in
more than 30% of the sperm. Muller (4] published a figure that dramatically
illustrates the extent of radiation damage in Drosophila, He showed that
for every dominant lethal mutation, four or more recessive detrimental
mutations occur that do not kill the progeny before they can reproduce but
doreducevigour, longevity, and general fitness for the environment. In
addition, when breeding stocks are maintained in cages, spontaneous
mutations that could be harmful in nature accumulate but are not expressed
as lethals or detrimentale in the shelter of the laboratory. Therefore, it
ie important to back-cross a laboratory strain to a wild-type strain and to
test progeny for vigour, competitiveness, and ability to survive in nature
before the stock is used in a field test of genetic control.

Just how difficult the task of developing a homozygous stock will be
was indicated by experiences in obtaining a genetic marker. Ten years ago
I thought it would be easy to get a good genetic marker to identify released
sierile screw-worm flies, and, in fact, LaChance et al, [26] had no
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difficulty producing visible mutations that lived well in laboratory cages.
However, only 1 of 15 visible mutations could be used to mark a strain
vigorous enough to pass a preliminary field screening test, For this
scereening, the same laboratory conditions were used to rear the regular
wild-type stock and a genetically marked strain. Then the two kinde of flies
were released simultaneously at a given location, and the catches in fly
traps placed at appropriate distances were observed. For example, the
traps were emptied at intervals that would indicate how quickly each strain
moved from the release point to the traps, Also, trapping was continued
long encugh for the lifespan in nature to be determined. It took 3 years of
this work before a genetically marked strain was obtained that was not
obviously inferior to the wild-type, whether the genetic markers were
spontaneous or had been induced by radiation or chemicals,

Theproblems with translocation #tocks will probablybe similar, but this
line of researchhas such meritthat it justifies setting out on the difficuit course,

Another approach to house-fly control is the use of chemosterilantse.
The first house-fly chemosterilants were antimetabolites that affected only
females [27]. When it was found that apholate would sterilize both sexes [28],
research was greatly stimulated, but so far all the effective sterilanis are
mutagens, that is, they sterilize flies by producing dominant lethal
mutations, 1 consider thai mutagens are an especially hazardous group of
chemicals that rnay be useful in some special situations when conditions
are carefully controlled such as those cited earlier for the boll weevil,
and even with the boll weevil we will have to do metabolism studies to
establish that the released insects will not be hazardous, I cannot foresee
the widespread use of a chemical mutagen for house-fly control. However,
a mutagen is not needed to sterilize house flieg. All that is needed is a
competitive male. Even competitive sperm are not necessary: house flies
are mostly monogamous [28, 30]. Riemann et al. [31] showed that even
castrate male house flies could induce a mating aveidance response in the
females if their copulatory ducts were left intact when the testes were
surgically removed. Adams and Nelson [32] found that a water-soluble
extract of these ductis could cause mating avoidance if it was injected into
virgin femalie flies,

Subsequently, R. H. Leopold and A, C. Terranova of this laberatory
{unpublished data} showed that the copulatory ducis of house flies secrete a
mixture of proteins and that more than one substance in the mixture is
probably involved in the mating avoidance, Treating males with tritiated
arginine caused the seminal fluid, but not the sperin, to becomeé radicactive.
Then when they dissected female flies during mating and at intervals
thereafter, the autoradiograms showed that the radicactive material
penetrated the copulatory pouches of the vagina about 40 min after copulation
began but while mating was still continuing, In ancther 20 min, the material
reached the brain of the female and elicited a rejection reaction. The
female then dislodged the male. From 95 to 97% of female house flies
mate only once. Moreover, Riemann et al. [31] showed that even theose
females that did remate usually oviposited repeatedly before they would
accept a second male. Therefore, the mating inhibition may actually
be much more than 95% effective since most females in nature would not
survive long encugh to prepare themselves for a second mating,

In doubt whether precise identification of the proteins involved in the
mating aveidance response will suggest the structure of a chemical that can
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be synthesized for house-fly conirol. However, if a natural product produces
this reaction in female house flies, many synthetic substances might elicit
the same response, and a frigidity factor mighi be used to control the
breeding of house flies. On farms, flies seek shelter every night and
frequently rest inside buildings during the day. If such resing sites were
sprayed with a substance ihat caused mating avoidance, the virgin females
would be exposed to it during the 2 days before they were old enough to mate,
The effect on a fly population would be the same as that of any toxicant that
killed femasale flies, but the anti-mating substance might well be one that
would have no effect on organisms that do not have this reaction. This work
may therefore lead to the development of a new way of controlling mono-
gamous insect pests, especially since Nelson et al. [33] found that virgin
female house flies also responded to extracts of males of other monogamous
species, Phormia regina {Meigen) and screw-worms, A chemjcal that could
cause mating avoidance in house flies therefore might be useful against such
monegamous Diptera as the stable fly, Stomoxys calcitrans (L. ); the horn
fly, Haeinatobia irritans (L.); and the face fly, Musca autumnalis DeGeer,

Alzo, many mosquitoes aremonogamous. Craig and Fuchs [34]
described a substance they called matrone which is produced by the
accessory glands of male A. aegypti. Matrone does not prevent repeated
matings on the part of the female yellow fever mosquito, but it does cause
a blocking of the vagina so the female uses sperm from the first male only.

I think that much more important than developing a chemical to cause
a mating avoidance response in virgin femaies is the development of a
chemical that will inactivate insect sperm but not be a mutagen. S5uch a
chemical variously applied in baits and sprays might be a highly practical
chemosterilant for many monogamous pest insects, Knipling [35] published
models illustrating that it would be much more efficient to sterilize 0% of
a field population than to kill the same proportion with an insecticide.

However, investigators will need to consider the possibility that insecis
could develop resistance to a mating avoidance chemical or a sperm
inactivator, Whitten and Taylor [36] reported that L., cuprina were
95 - 99% monogamous but that in 10 generations of selection for multiple
mating, the monogamous response was decreased to T0%.

STERILIZATION OF OTHER DIPTERA

In extending the sterile-male technique, scientists have found Diptera
fairly easy to sterilize with radiation, I will not cite the many references.
When they are treated as adulis, both males and females can be sterilized
with 10000 rad or less of gamma radiation; when they are treated as pupae,
the insects suffer somatic damage if treatment is administered too early
during pupal development, but radiaticn is telerated if it is applied afier
the adult organs have been largely formed. I therefore think that with this
order the major problems are associated with developing inexpensive
mass-rearing techniques or with establishing effective release procedures.

T, STERILITY

It is generally accepted that the main cause of dominant lethal mutations
in most insects is the breaking of chromosomes by radiation or chemicals.
Eagily sterilized insects have a single centromere in each chromosome,
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and the loss of broken pieces at the time of cell division causes a genetic
imbalance, which is the most common lethal mutation induced by radiation.

Lepidoptera and Hemiptera have holokinetic chromosome., Therefore,
when they are broken, pieces are not lost at the time of cell division because
the multiple spindle fibres, with their many points of attachment in each
chromosome, pull the fragments along to the poles., Thus, each dauzghter
cell has all the hereditary material needed for survival. Investigators
believe that this i the reason that sterilization of moths requires about
10 times the dose of radiation needed to sterilize flies.

When male moths are treated with the massive doses of radiation
required to cause sterility, somatic injury cccurs which reduces mating
effectiveness and results in sperm that are not competitive, North and
Holt [37] recently reviewed this situation and pointed out that fully sterile
males frequently fail to place their spermatophores in the proper position
for the sperm to reach the spermathecae. Also, sterile males often fail
to incorporate sperm in their spermatophores,

When Noerth and Holt [38] worked with the cabbage looper, Trichoplusia
ni (Hibner), they administered less than sterilizing doses of radiation
and tested the fertility of the 7y progeny. They found that males treated
with about a 50% sterilizing dose had progeny that were more than 90%
sterfle. They explained this effect as the result of the many broken
chromosomes in the sperm that had rejoined with Iragments of other
chromosomes to form multiple translocations. The F; progeny thus
became translocation heterozygotes with the extent of sterility dependent
on the number of induced translocations. The male parents treated with
the semi-sterilizing dose naturally suffered less somatic damage than
fully sterilized males and hence were more competitive, Also, their
deposition of spermatophores was more nearly normal as was the in-
corporation of sperm. The ¥y progeny were found to mate competitively
in laboratory cages {39] and also in a field cage test made at Riverside,
California, in 1969, by H.H, Toba, A.N. Kishaba, and D. T. North.

North and Holt [37] reviewed the literature on Fy sterility in
Lepidoptera and reported that inheritance of sterility was known for 10
specieg. Thus, in Lepidoptera, the progeny of irradiated male moths are
usually more sterile than their parents,

Since Hemiptera also have holokinetic chromosomes, LaChance
et al, [40] irradiated males of the milkweed bug, Oncopeltus fasciatus
(Dallas), and found that chromosomal fragmenis, translocations, and
sterility effects were inherited through three subsequent generations
in this species.

In their laboratory tests with the cabbage looper, North and Holt [38]
found that inherited sterility was.most pronounced in the I} generation,
much iess evident in the F, generation, and had largely disappeared by
the Fy generation. The fact that some fertile progeny are produced
in the F; generation and that almost normal fertility is recovered by the Fy
generation indicates that this technique has more value for suppressing
lepidopterous populations than it does for actual eradication. Knipling [41]
showed that a single release at a 9:1 ratio of 80% sterile males would have
a greater effect at the end of two generations than a single release of
100% sterile males at the same ratio. Knipling [42] recently extended his
calculations and professed his hope for the application of | sterility
to control the cabbage looper in the eastern United States and the corn
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earworm, Heliothis zea (Boddie), in California. He pointed out that Iy
sterility could be used in eradication programs against the codling moth,
Laspeyresia pomella (L. ), and the pink boliworm, Pectinophora
gossypiella (Saunders), for its great suppressive effect at the beginning

of a program; final eradication would be accomplished by release of totally
sterile maies.

CONCLUSIONS

As you can see, in the 20 years since we found that screw-worms could
be sterilized with radiation, there have been many developments in the use
of sterility {o control insect populations,

The first practical technique — attaining sterility by inducing dominant
lethal mutations in 100% of the sperm — has proved promising in laboratory
and small-scale field tests against many insects, It needs further
development by application either to geographically isolated insect popu-
lations or to very large areas where migration and intermingling of fertile
insects from adjacent untreated areas will not interfere, The sterile
releaged insecis must be vigorous and competitive. They must be re-
leased at a frequency that will maintain adequate numbers to compete for
mates in the native population. They must be released into the environ-
ment at such intervals of distance that they are rather uniformly dispersed
and will outnumber native males in all areas of the environment, It is
egpecially important that realistic estimates of native insect populations
be made so that enough sterile insects will be released.

I think there is a real future in relating research in insect reproductive
physiology to population control. The difficulties associated with mutagens
as male sterilants would not be factors to hamper use of a non-mutagenic
sperm inactivator for species with monogamous females,

The usge of conditional lethal mutations is a promising form of genetic
control, Such a mutation, inability to diapause, already exists in the boll
weevil and in many other species. Inability to survive extremes of heat
or cold is being sought in other insects,

Sterility in insects heterozygous for reciprocal translocations is another
new and promising area. This work may involve rearing fertile laboratory
strains homozygous for translocations and releasing a strain to interbreed
with wild-type insects, or it may involve making crosses in the laboratory
so that sterile heterozygotes can be released. Basic work along these lines
ie underway with house flies, mosquitoes, and tsetse flies,

A simpler adaptation of the translocaiion heterozygote principle in-
volves I} sterilily in the progeny of partly sterilized Lepidoptera. I am
enthusiastic about the prospects of early practical use of this approach to
genetic control.
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Lymantria digspar L., ON BIOLOGICAL
FUNCTIONS OF MALE MOTHS

M. MAKSIMovié
Institute for Plant Protection,
Belgrade, Yugoslavia

Abstract

EFFECT OF COBALT-60 IRRADIATION OF MALE PUPAE OF THE GYPSY MOTH, Lymantria dispar L.,
ON BIOLOGICAL FUNCTIONS OF MALE MOTHS.

The effect of irradiating male pupae of the gypsy moth with *® Co was tnvestigated at doses of
30000 and 40 000 rad. Certain unfavourable resuits wers noted with male moths. Mortality among
irradiated pupae was found fo increase proportionally with radiation dose as compared with unirradiated pupae.
The age of pupae when irradiated is an important factor, The lowest mortality is obtajned by irradiation with
30000 rad,when carried out within the last & days before emergence. The ability of irradiated males to mate
is related to their development as measured by their body length in dry eondition. The longer the body, the
more the males copulated. These with body length in dry condition not greater than 7 mm did not copuiate
at all, The stated radiation doses have a considerable effect on the life span of male moths, as well as on the
duration of ecpulation. Both are shortened as compared with unirradiated males. Sterility induced in males
not only makes the eggs obtained on copulation sterile, but also, vary probably, affects the female biological
funetlens in mating. The oviposition period and duration of the female life were found to be shortened,
Hatchability of eggs is reduced to 43. 9%, with male pupal irradiation of 30000 rad. I 36, % eggs,
although the caterpillar larva was fornted, it did not hatch. The unfavourable effects of overdoses point to
the need for investigating lower radiation doses for gypsy moth pupae,

1., INTRODUCTION

The effect of sterilizing the male of the gypsy moth with cobali-60
has been investigated by, amongst others, Godwin et al. [1] and Vasiljevié
[2]). These studies have shown that it is questionable what are the most
reliable radiation doses, i.e. doses that will sterilize without harming
the biological functions of the male moths,

In the present work we give some results on the effect of high radiation
doges of 30000 and 40 000 rad on the biological functions of male moths and
the indirect effect on females with which they copulated.

Investigations were carried out within the framework of the project on
the radiological sterilization of the gypsy moth, undertaken by the Institute
for Plant Protection, Belgrade, with the assistance of a Research Contract
from the International Atomic Energy Agency and support from the Research
Fund of the Sociali‘st Republic of Serhia.

2, METHODS
The gypsy moth caterpillars were reared to the third instar in the

greenhouse and then put in cages to be reared in the insectarium till they
become pupae,

15
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TABLE II. EFFECT OF BODY LENGTH OF MALE MOTHS ON ABILITY
TO MATE

Number Body Number Average mumber of matings
of maie length of matings per male moth
moths (mm)

1 T Q 0.0

3 10 1 0.33

5 1t =12 ] 0. B0

9 13 - 17 12 1,38

Male pupze of various ages were exposed to 5%Co irradiation at doses
of 30000 and 40000 rad. The effect on moriality was investigated,

Males obtained from irradiated pupae aged 8 ~ 13 days were crossed
with females. The number and duration of matings and the life span were
then observed. individually, The course of oviposition, the life span and
egg haitching were alsc observed for females.

3. RESULTS OF INVESTIGATION

3.1. Effect of irradiation on pupal moertality of male

The mortality of male pupae after irradiation is shown in Table I,
The general characteristic is the decline of mortality with pupal age,

i. e, the highest mortality occurs when pupae are irradiated at 2 - 5 days,
At 30000 rad, mortality increases to 92, 3% in this period, When pupae
were irradiated at 11 - 15 days, or when moths were already formed in
the pupae, mortality was nil, With pupae irradiated at 6 - 10 days the

30 000-rad dose produced a mortality, 18, 1%, equal to that of the conirol.
It can therefore be taken that, even ai this early stage, 30000 rad appears
{o have no effect on mortality,

With the 40 000~rad dose, it can be seen that there was a 20%
mortality in pupae irradiated ai 11 - 15days. The reasconfor the lower
mortality in pupae irradiated at 2 - § days, as compared with the 30 000-rad
dose for the same age group, is not clear,

3.2, Effecti of the body size of moths on ability {o maie

A certain consistency was noted when we compared the number of
matings for sterile males irradiated at 30 000 rad with their body length
measured in dry condition at death. Table II shows that there was no
mating by the male with the shortest body length of 7 mm; such moths
were impotent., There were 66, 7% impotent moths even when the body.
was 10 mm in lengih, More than one mating per moth was cbserved
among moths with body length over 13 mm.
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3.3. Effect of irradiation on duration of copulation and life span

Irradiation of male pupae with doses of 20 000 and 40 000 rad affected
the duration of copulation. From Table III it can be seen that the average
duration of copulation in imales irradiated with 30000 rad wag twice that
of males irradiated with 40000 rad. At 40000 rad the minimum and
maximum duration of copulation are much lower than for unirradiated
moths,

The harmful effect of irradiation on life span is more marked, as
Table IV clearly shows. The maximum durations are shorter for 40000
than for 30000 rad, and both are shorter than for the unirradiated males.
The average figures also show the same trend, except that the 40000 and
30000 figures are reversed, This larger average duration at 40000 rad
may not be reliable and may result from variation due to the small
number of moths used.

3.4. Effecti of mating of irradiated males on oviposition and life span
of female moths

Table V shows that the average period of oviposition for females
crossed with males irradiated with 30000 rad, was considerably lower
thatfor females crossed with unirradiated males, Nevertheless this
figure was twice ag long as that for females crossed with males irradiated
with 40000 rad. The maximum and minimum figures are aleo noticeably
lower than for females crossed with unirradiated males.

These trends are paralleled by the results obtained for the life span
of female moths, as shown in Table VI. After copulation with a male
irradiated at 30 300 rad the life of a female is on average 1.89 days shorter
than that of a female copulating with an unirradiated male. The life of a
female after cepulating with a 40 000-rad-irradiated male ig 2. 31 days
shorter.

3.5, Effect of sterile males on egg hatching

Eggs obtained from mating of sterile males with normal females
showed wide differencer in comparison with the control moths. Table VII
shows that there was no egg hatching after mating,as compared with 82.6%
hatched in the contrel. However, among eggs resulting from crossing
with sterile males there were 56, 8% containing larvae that died unhatched,
whereas there were 17, 2% such eggsg in the control, There were 43.2%
completely sterile eggs, and only 0.2% in the control.

4, DISCUSSION AND CONCLUSIONS

Cobalt-60 irradiation with the high doses of 30 000 and 40 000 rad had
a harmiul effect on the biclogical functions of male moths. A marked
effect was noted in the mortality, which increased to 92, 3% {Table I) when
pupae were irradiaied at 2 - 5 days, However, in spite of there being no
mortality when pupae were irradiated at the end of the pupal period,
i.e. at 11 to 15 days, the effect of irradiation was very noticeable when
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applied at an earlier stage. It was also shown that the size of the male has
a bearing on the ability to mate.

Irradiation decreased the duraticon of copulation (Table III) and shortened
the male life span (Table IV)., From the data on moths with the maximum
life span, i,e, the strongest moths, it is shown that their life is shortened
by 1.25 and 1.5 days by doses of 30 000 and 40 000 rad, respectively,

The sterility of the males is transferred not only to the eggs obtained
on mating, but affects also the female biclogical functions in mating.

This is shown by the shorter period of oviposition observed (Table V) and
the shorter female life span {Table VI).

Sterility caused by the radiation dose of 30000 rad is complete, since
ne caterpillar hatched (Table VII}, No larva was formed in 43.2% eggs,
larvae being formed in the remaining 56,8%., Vasiljevié¢ (2], under the
same conditions, observed that there was hatching in 11.4% of the eggs.

The results show that high radiation doses for male pupae produced a
range of unfavourable effects in males, causing the decline of their
bioclogical functions., There is therefore 2 need to investigate lower
radiation doses with the gypsy moth. Godwin et al, [1] have already
worked on lower doses, and have found that, when a dose of 20 000 rad
was applied to male pupae aged 6 - 8 days, only 0,9% of the eggs hatched,
When pupae were irradiated more than 8 days old,no eggs hatched, These
autheors showed that a dose of 10 000 rad also caused a very low percent
of hatching (1.5 - 1.6%), and even lower doses, down to 2500 rad, had
a considerable inhibiting effect, WVasiljevié [2] found that not more than
5.5% eggs hatched with a dose of 20 000 rad.

Inereasing attention has been given to partially sterilizing doses.
Henneberry [3], in work on the cabbage looper, Trichoplusgia ni (Hibner},
showed that excessive exposures or overdoses of radiation do diminish
mating and sperm transfer, and can cause other adverse effects, He
found that males exposed to partially sterilizing doses of radiation were
more competitive and that their progeny also were sterile. Similar results
were given by North and Holt [4] on the same species. For Laspeyresia
pormnonella L,, Fossati et al, [5] reported on the noxious effect on the male
of overdoges of radiation and the beneficlal effect of lower doses,

For the gypsy moth a irial field release was carried oui with pupae
irradiated with 30000 rad, Maksimovié [6] pointed to unfavourable
factors that influenced the results of this trial, So the need to investigate
lower radiation doses on male pupae of the gypsy moth is clear.
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DISCUSSION

E. FYTIZAS: From the results obtained it is apparent that there is
a critieal period between the fifth and the sixth day of the pupal stage,
as the mortality is definitely high in the case of pupae aged from 2 to 5
days and definitely low in that of pupae aged from 6 te 10 days. Is this
difference in sensitivity related in any way to the changes that the insect
is undergeing at that time? I should like to have some information on
the condition of the nervous system, the muscular system and the digestive
tract,

M, MAKSIMOVIC: So far I have no information on these factors,

M, FRIED: I wonder whether it is advisable to draw conclusions
about the effect of radiation levels on various biclogical facters when the
number of individuals in the tests was so small. For example, I should
be very surprised if mating with irradiated males had any real effect
on the adult life span of the female, particularly as the time of irradiation
of the individual pupa before emergence has such a marked influence on
later biological factors,

M. MAKSIMOVIC: These are merely the results of preliminary
obzervations, which I think are worth reporting, In further investigations
which I am conducting more female individuals are involved, and I hope
to establish whether in fact mating with irradiated males does have any
effect on the life span of the female,

M.E. TZANAKAKIS (Chairman): Mr, Maksimovié, you mentioned
that you irradiated some gypsy moth pupae aged 11 to 15 days., How long
ig that before eclosion?

M. MAKSIMOVIC: At this temperature the pupal stage is completed
at a pupal age of 14 or 15 days. The irradiated pupae contained fully
developed moths. At lower temperatures the pupal stage can be prolonged
to 16 to 18 days.

M,E, TZANAKAKIS: Wasg the variation in temperature between 21°C
and 26°C the daily fluctuation?

M. MAKSIMOVIC: Yes, it was,
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INFLUENCE DE L!'IRRADIATION
DES GRAINS DE BLE

SUR LE DEVELOPPEMENT

ET LA REPRODUCTION

DE Sitophilus granarius L., *
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de 1' Université de Téhéran,
Téhéran, Iran

Abstract — Résomé

EFFECT OF THE RRADIATION OF WHEAT GRAINS ON THE DEVELOPMENT AND REFRODUCTION OF
Sitophilus granarfus L.

The author has studied the effect of ° Co gamma irradiation of wheat grains on the conditions of
development and reproduction of Sitophilus granarins which normally lives off this product,

The wheat grains were irradiated with doses of 25, 100, 500 krad and 1 Mrad, In a series of experiments,
the fertility and longevity of insects reared on irradiated and on normal wheat were compared. The author
also attempted to cotnpare the same data for second generation insects originating with these firadiated
media.

In experiments on & batches of 10 palrs, with 5 replications, the following facts were established with
regard to fertility: the average fertility Is significantly higher for media irradiated at 200 and 500 krad and
1 Mrad; the difference between the control medium and the medium irradiated at 25 krad is no longer
significant. This difference is also found in the case of adults from the second generation reared on the
various media,

Longevity was found to have Increased more significantly in the males than in the females in rearings
on irradiated media, This effect is observed at rradiation doses of 28 krad but is greatest for the
medium lwadiated at 500 krad, The differences in average longevity between the control batch and batches
reared on irradiated media, calculated without distinction of sex, remained insignificant. 1t would seem,
therefore, that the iradiation of wheat grains at doses of between 25 krad and 1 Mrad can maodify this
foodstuff so as to create factors that promote longevity and fertility in adults of Sitophilus granarius,

INFLUENCE DE L' IRRADIATION DES GRAINS DE BLE SUR LE DEVELOPFEMENT ET LA REPRODUCTION DE
Sitophilus graparius L.

L' auteur a étudié 1" influence de 1" irradiation de grains de blé par le rayonnement gamma du *°Co sur
les conditions de développement et de reproduction de Sitophilus granarius, qui vit normalement aux dépens
de cette demrée, Les grains de bié ont été imradiés & des doses de 25, 100, 500 krads et 1 Mrad,

Dans une série d’ expériences 1a fécondité et la longévité d’ insectes élevés sur dublé iradié et sur dublé
normal ont &té comparées. L7 auteur a également tenté de comparer ces m&mes données pour des insectes.
de denxidme génération issus de ces milienx irradiés,

En ce qui concerne la fécondité, des expérienees portant sur 5 lots de 10 couples et répétées 5 fois
permettent d* &rablir que la fécondité moyenne est significativernent pius £lev€e sur les milieux irradiés
4 100, 500 krads et 1 Mrad; 1a différence n'est plus significative entre le milieu témoin et le miliew
irradif 4 25 krads, Cette différence se retronve pour des adultes issus de la deuxiéme génération &levés sur
ces divers milienx,

Pour la longévité, on remaraque que, dans les élevages sur milieux irradids, celle des miles est accrue
plus significativement que celle des femelles. Cet effet se manifeste pour des doses d' irradiation de 25 krads,
mais i} est maximal pour le milieu frradié 4 500 krads, Les différences de longévité moyenne entre le lot
témoin et les lots £levés sur miliewx irradiés, calculfes sans distinction de sexe, restent significatives, 11
apparaft donc que 1'irradiation des grafns de blé 2 des doses variant de 25 krads & 1 Mrad peut modifier
cet aliment de fagon & eréer des facteurs favorables 3 la longévité et & 1a fécondité des adultes de
Sitaphilys granarius,

* Ce travail a &t& effectué au Laboratofre de zoologie de 1"INA (Faris),
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INTRODUCTION

I'objet de ce travail était de déterminer si l'irradiation de grains de
blé par le rayonnement gamma duf0Co pouvait modifier les conditions de
développement et de reproduction de Sitophilus granarius L., qui vit
nermalement aux dépens de cette denrée et dont les larves se développent
4 1'intérieur des grains.

Nous avons comparé successivement la fécondité et la longévité
d'insectea élevés sur du blé irradié et sur du blé normal {témoin).

Nous avons également tenté de comparer ces mémes données sur des
insectes de deuxiéme génération issus de ce milieu irradié,

1, INFLUENCE DE L'IRRADIATION DU MILIEU SUR LA FECONDITE

1,1, Expériences

Nous avons constitué un important élevage de Sitophilus gramarius L.
en vue de comparer la fécondité des insectes élevés sur milieu témoin
et sur milieu irradié,

Le milieu d'élevage était du blé de la variété Capelle~Vilmorin, gqui
avait ét¢ irradié par le rayonnement gamma du $9Co & des doses de 25,
100, 500 krads et I Mrad,

Pour 1'étude de la fécondité nous avons isolé 50 couples de charangons
qui venaient d'éclore sur un milieu non irradié; nous nous sommes
efforcés de récolter les couples dés leur sortie du grain, pour avoir des
géniteurs de méme Hge, d'une part, et éviter qu'{le ne s'alimentent sur
ce milieu non irradié, d'autre part.

Les 50 couples ont &té répartis en cing lots de 10 couples dans des
bottes en matidre plastique contenant chacune 50 grammes de blé., L'un
des cing tubes contenait du blé sain, les autres du blé irradié & 25, 100,
500 krads et I Mrad,

Les boites ont été placées dans une étuve afin que les m&mes conditions
de température et d'humidité régnent dans tous les lots. Tous les 15 jours
les couples ont été transférés dans d'autres tubes contenant le mé&me miHeu,
Au moment de cee transferts nous avons noté le nombre d'individus morts,
méles du femelles, dans chacun des lots, Pour éviter de confondre par la
guite les différents lots, ceux de la premiére génération ont &£té notés
1A (1A, 1Ags, 1A, 1Ay) et ceux de la deuxidme génération 2A (2Ar1,
2855 . 00a)e :

Pour évaluer la fécondité nous avons dénombré fous Ies imagos qui
sortaient utlérieurement des divers lots de grains. Le premier comptage
des imagos a toujours &té fait 33 & 35 jours apréa la mige en place des
géniteurs, ce qui correspond A peu prés & la date des premiéres sorties
de jeunes imagos,

Dans toutes nos expériences (0 & 15 j, 15 & 30 j, etc.) les comptages
d'éclosions ont &té effectués tous les trois jours et se sont poursuivis
pendant 40 j; passé ce délai on est certain qu'il n'y aura plus d'éclosion,

La méme expérience a été répétée 5 foiz afin de fournir des données
plus valables, c'est-a-dire que chaque test porte sur 5 lots de 10 couples
dont on détermine la fécondité de 15 jours en 15 jours,
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Ces expériences ont &été prolongées en outre jusqu'a la mort de tous
les géniteurs afin de commaitre I'influence éventuelle du milieu sur la
longévité des adultes,

1,2, Résuliatse

Nous domnons au tableau I les résultats obtenus pour chaque série de

50 géniteurs soit, dans chaque cas, 5 répétitions effectudes avec 10 couples,
Ce tableau permet de comparer la fécondité moyenne des femelles

peur l'ensemble des 50 femelles et sur chacun des milieux {témoin et
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milieux irradiés), pour chaque quinzeine, Ces données permettent en
outre d'établir la fécondité moyenne d'une femelle pour une période de
60 jours.

On peut remarquer que dés le premier contrale, c'est-a-dire celui qui
correspond & la période de 0 & 15 j, le nombre de descendants est déja
plus élevé dans les lots sur milieux irradiés que dans le lots témoin,

Seul le lot 1Ay (sur milieu irradié A 1 Mrad) montre une légére diminution
du nombre des descendants.

Au cours de la période de 15 & 30 j on a noté une femelle morte dansg le
lot 1Ag (milieu irradié & 25 krads) et une autre dans le lot 1A,,; malgré
cela le niveau de la population de descendants dans les milieux jrradiés est
toujours plus élevé que dans le lot témoin,

Au cours de la troisidme période {30-45 j} il ¥ a eu une femelle morte
dans les lots irradi€s 4 25 krads et 500 krads ef deux femelles morties dans
Je lot irradié &4 1 Mrad, alors que dans le lot témoin et le lot irradié 4 100
krads il n’y a pas eu de mortalité,

Les figures 1 et 2 goulignent cette incidence de la nature du milieu,
irradié ou non, sur la fécondité moyenne,

Nous aveons limité nos calculs & une période de 580 jours, car au-deld
de 60 jours on note qu'il se manifeste dans tous les lots une mortalité plus
ou moins sensible, qui rend la comparaison de la fécondité moyenne plus
difficile. L'analyse statistique réwvéle gque la différence observée entre le
lot IA; (témoin} et le lot LA,y n'est pas significative, mais qu'elle 1est
entre ce méme 1ot 1A} et les lots 1A44q, 1Aggp et 1A4.

Les résultats de nos expériences relatives & des adultes de deuxiéme
génération gont difficiles & comparer avec les précédents, En effet nous
avons d utiliser pour ces expériences un nouveau ztock de blé (lot témoin
et lots irradiés aux mémes doses que précédemment) dont les grains
étaient plus petits.

Pour cette raison sans doute, et pour d'auires encore inexpliquées,
les lots expérimentaux 245, 24100, 2As00 24m et le lot 2Ar1 ont donné
en 60 jours beaucoup moins de descendants que les lots de la série 14,
Malgré cette différence, on retrouve dans la série 2A une plus grande
fécondité moyenne globale, évaluée parfemelle et pour 60 jours, en
particulier dans le lot 2Agp et 2A); (tableau II}). Seul le lot 2Ag; a donné
moins de descendanis que le témoin, la différence n'étant toutefois pas
gignificative.

Ces expériences ne portaient d'ailleurs gue sur 20 couples (deux
répétitions de 10 couples) au lieu de 50 couples pour les lots de la série 1A,

2, INFLUENCE DE L'IJRRADIATION DU MILIEU SUR LA LONGEVITE

Nous avons étudié la longévité de 3. granarius sur les milieux irradiés
et les milieux sains, Les expériences décrites ci-dessus nous ont
permis de noter, i l'occasion des transferis de géniteurs sur de nouveaux
milieux, la mortalité des méiles et des femelles,

Nous avons poursuivi ces contrfles pendant 210 j. Passé ce délai trés
peu d'individus étajent encore vivants,

Comme dansg les expériences sur la fécondité nos résultais se
rapportent pour chaque milieu 4 5 lots de 1D couples,
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FIG.3. Longévité moyenne des males et des femelles,

Résultats

Nous donnons au tableau III les résultats de ces observations et
indiquons pour chaque milieu les longévités minimale et maximale observées
pour chaque sexe, ainsi que la longévité moyenne calculée par pondération.

La figure 3 fait ressortir unaccroissement plus important de la
longévité des méles par rapport aux femelles, dans iocus les lots irradiés,
alors que dans le lot témoin les femelles ont une longévité supérieure &
celle des méles., A la différence de ce que nous avons observé i propos
de la fécondité, les milieux irradiés i une faible dose (25 krads) sont
déja favorables i un accroissement de la longévité; celle-ci est toutefols
maximale sur les milieux irradiés 4 500 krads,

Enfin si nous soumettons i 1'analyse de variation 1'ensemble des
résultats observés, en ne tenant pas compte du sexe des individus, nous
trouvons que les différences de longévité obaservées entre le lot témoin
et les lots irradiés sont significatives & mieux que 1%. .,

On peut ainsi imaginer que l'irradiation des graing de blé, i des
doses variant de 25 krads & 1 Mrad, peut modifier cet aliment de
fagen & créer des facteurs favorables A la longévité et A la fécondité des
adultes de Sitophilus granarfus I, -

Cet effet favorable peut 'se manifester parfois dés 25 krads, mais
il est en général maxirmal pour une dose d'irradiation de 100 krads,
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DISCUSSION

G.H.S5. HOOPER: The moisture content of grain influences the develop-
ment of Sitophilus granarius as well as that of other stored grain insgects,
Was any attempt made to standardize the moisture content of the grain
during the various treatments?

E. BAGHERI-ZENOUZ: Yes, we tried to maintain exactly the same
moisture content and temperature throughout all the experiments.

G. R, SETHI: There have recently been some reports that rearing
on irradiated food resulted in some genetic changes in the insects/organisms
thus bred. Could you please throw some light on this aspect?

E. BAGHERI-ZENOUZ: I have no detailed information on this aspect.

I have compared hisielogical sections of the genitalia of females bred in
irradiated and unirradiated media and have not found any differences between
them, Nor did a comparison of the general appearance of the genitalia

of adult females bred in Irradiated and normal mediz reveal any apparent
differences.

W,F, BALDWIN: What would your explanation be for the interesting
effect of irradiated media on the fecundity and survival of Sitophilus
granariug?

E, BAGHERI-ZENOUZ: In order to find out the reasons it would be
necessary fo study the effecte of irradiation on the protein chains of the
vitarnins, enzymes, eic, in irradiated media. It is possible that a bio-
chemical change occurs in the wheat grains which promotes the increase
in fecundity and longevity.
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EFFECT OF GAMMA RADIATION ON THE REPRODUCTIVE ORGANS OF Dacus zonatus ( SAUNDERS).

The effects of gamma radiation on various lifa stages of fruit fly Dacus zonatus (Saunders) has been
studied in detail to explore the possibilities of its contral in the Karachi area by the sterile-male telease
technique. One aspect of this worlt, namely the gross changes which take place in the gonads of {rradiated
male and female flies, is described,

The insect material used in these experiments was collected from the local archards, Pupae from
the infested guava fruit (Psidium guajava), 20 =30 in number, were imadiated 5-7 days after pupation
and the study was made in adults at various ime intervals after emergence. Each test was replicated
three times, Haematoxylin and eosin were used as stains and Camoy's fixative for fixation,

The main findings are that the size of both male and female reproductive organs of Irradiated
insects was reduced, At 5 kR the formation of spermatozoa was completed on the 16th day as against
the 24th day with the normal insect, At 8 kR spermatozoids and spermatozoa wete not observed even
after the 15th day of emergence. At 18 kR necrosis started in the apical region of the testes which
could be seen up to mid-region when the dose wasinereased to I8 kR, The testicular sheath alse shrank,

INTRCDUCTION

Fruit flies (Diptera, Tephritidae) are serious pests of fruits and
vegeiables in the Karachi area. The fact that the small cultivated area
around Karachi on the Arabian Sea coast is separated from the main
agricultural hinterland by a desert belt, permits a good chance of eradi-
cating these flies from the area by the sterile-male release technique,
After the initial studies of Steiner and Christenson (1956) [1] and Steiner
et al, (1962) [ 2], doses of gamma radiation were determined which would
induce sterility in the males and females of three important species of
fruit flies prevalent in this area, Dacus zonatus {Saunders), D. cucurbitae
Coquiliett and D. ciliatus {Loew). Work has since been done by Huque
and H, Ahmed {1966} [3], Huque and Malik (1987) [4] and Huque and
C.R. Ahmed (1969} [5], and further detailed studies have been under-
taken against D. zonatus, by far the ‘most injurious of the three species
mentioned. A preliminary report on the effect of ionizing radiation on
eggs and larvae of this species in situ has been published by Hugque and
C.R. Ahmed (1967) [6]. The present paper describes in detail the
major changes brought about by icnizing radiation in the reproductive
organs of D.zonatus at different dose levels.

MATERIAL AND METHODS

The inseet material used in these studies was obtained from guava
(Psidium guajava) fruits infested with larvae of D). zonatug. The infested
fruit, collected from the Malir gardens near Karachi, were placed in

31
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TABLE I. STATE OF SPERMATOGENESIS IN IRRADIATED MALES OF
Dacus zonatus ABOUT TWO WEEKS AFTER EMERGENCE FROM
PUPAE

Dose of Pairs of Testicles Testicles
gamma testes appearing appearing Remarks
radiation examined normal partially
applied to when compared normal (%)
pupae (kR) to control (%)
5 20 85 156 (1) Spermatocytes in
abundance,

(2) Spermatozoa few
in number.

8 20 0 4 (1) Testicles reduced
in size.

(2) Primary cells very
few in number and
scattered.

10 20 0 1
16 20 0 0
18 20 0 0
<

FIG.1. Necrosis in testis irradiated at 16 kR,

glass jars containing sand at the bottom. The full-grown larvae which
pupated in the sand were collected for laboratory trials.

To irradiate the 5 - 7-day-old pupae, 20 - 30 of them were kept in a
small glass vial and placed in the centre of a Gammacell 200 irradiation
chamber. The source used for these experiments was cobalt-60 housed in
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TABLE II. THE MEAN LENGTH AND WIDTH QF OVARIES OF
IRRADIATED FEMALES OF Dacus zonatus 16 DAYS AFTER
EMERGENCE FROM PUPAE

Dose of Pairs of Length {mm) width (mrm}
gamna ovaries Range Mean Range Mean
radiation teasured
applied to
pupae {kR}
3 20 4,8-5.3 4.9 3,1-3.5 3.4
S 20 3.8=4,0 3.99 - 2.5-2.6 2,25
1 15 3.5-3.7 3.88 1,6-1,8 1.75
] 20 2.0-2,1 2,08 1,5=1,75 1.6
Untreated 20 7.3-1.5 7.4 4,0-4,5 4.3

a fool-proeof cell manufactured by Atomic Energy of Canada Lid. A range
of doses varying from 3 to 18 kR was applied. Male and female flies
emerging from irradiated pupae were dissected at different intervals up
to 24 days after emergence. Ovaries and testes were removed and stained
with haematoxylin and eosin and fixed in Carnoy's fixative.

RESULTS

Effect of radiation on testes

At a dose of 5 kR there was almost no ¢ffect except that the formation
of sperm was slightly delayed. It took about 16 days of adult life for a
spermatozoon to form in irradiated males as compared to 12 days in
vnirradiated males. Of the 20 testes studied under the microscope, 85%
showed normal spermatogenesis while in 15% some stages were missing
{Table I). With an 8-kR dose, however, the size of the testes was reduced
and the normal process of spermatogenesis wae also affected (Table I).
But a few scattered cells, resembling spermatocytes, were visible under
high magnification. The spermatocytes disappeared when the dose was
increased to 10 kR. Further obser}{ation revealed that at 16 kR (Fig.1)
necrosis started in the apical region of the testes which could be seen up
to mid-region with increase in dose to 18 kR, when the testicular sheath
also shrunk,

Effect of radiation on ovaries

From Table II it can be seen that gamma radiation has heen responsible
for reducing the size of ovaries when exposed at 3 -9 kR. At 3 kR the
ovaries contained a gomewhat compact mass of oogonia at distal ends
and the oocyies did not develop for about 12 days. But in dissected
ovariea taken from the adults on the 16th post-emergence day, it was
seen that cocytes were sparsely distributed in the middle portion (Fig. 2),
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FIG.2. Cross-section of ovary irradiated at 3 kR,

while inunirradiated females, bothonthe 12th and 16th post-emergence

days, the ovaries were quite normal, being loaded with matured oocytes.
Oocytes in ovaries irradiated at 3 kR, however, started maturing from

the 20th day, but the eggs contained little yolk. Of the various doses applied,
the effect at 5 kR was more pronounced as compared to that at 3 kR, and

no development was observed after the 8th day of the emergence of females
from irradiated pupae. At 7 and 9 kR the size of the ovaries was markedly
reduced (see Fig. 3(a)and (b) for normal and 9 kR-irradiated ovaries). In
addition, at 9 kR follicular degeneration was also observed and no dif-
ferentiation could be made between oogonia, ococytes and eg%s.

DISCUSSION

From the above observations it appears that the development of the
reproductive organs of both males and females of D. zonatus is adversely
affected by gamma radiation. The extent of damage is dose-dependent,

i.e. the higher the dose applied, the more extensive will be the damage.

As compared to females, males of this species seem to be slightly more
resistant. With a 5 kR dose, the reproductive organs of the males remained
almost normal, while the reproductive organs of the females were adversely
affected even at 3 kR.
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FI1G.3. Corss=section of (a) normal ovaries, (b) ovaries irradiated at 9 kR,

Huque and Malik (1967) [ 4] reported that males of D. zonatus emerging
from pupae irradiated at 7-9 kR showed no adverse effects except that
they could not fertilize the normal females. Females which emerged
from these pupae, however, reacted differently in the sense that the
pre-oviposition period was noticeably prolonged and in many cases egg
formations were completely retarded. Thus the results reported in this
paper point to the explanation that this difference is due to the differential
susceptibility of the sexes to gamma radiation.

The report of Abasa (1968) [7] on the reduction in size of ovaries
tallies with the observations reported here.
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DISCUSSION

E. FYTIZAS: I should like to ask whether spermatogenesis occurs
during the nymphal stage, and also whether the gamma rays damage the
spermatozoa as well as the spermatogonia and spermatocytes, Has
spermatozoan damage to the extent of complete destruction been observed?

H. HUQUE: During these experiments it was observed that spermato-
zoids and spermatozoa were affected, At a dose of 5 krad it took about
16 days for a spermatozeon ta form in irradiated males when they attained
maturity, as compared with 12 days in unirradiated males. Further
observations have not yet been made,

E. A. TAYLOR: What was the age of the pupae when they were
subjected to gamma radiation?

H. HUQUE: They were 5-7 days old when irradiated. The ovaries
or testes were removed within 24 hours after emergence.

J. THEUNISSEN: Can you summarize what standards vou used in
order to determine whether a testis or ovary was normal, nearly normal
or more heavily damaged?

H. HUQUE: The standard method was used. Ovaries were removed
and kept on glass slides stalned with haematoxylin and eosin and fixed in
Carnoy's fixative. Sizes were measured with an optical micrometer.
Under the high magnification of a phase microscope it was a simple matter
to detect the damage done by ionizing radiation.
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Abstract — Resumen

APPLICATION OF FOUR DIFFERENT DOSES OF GAMMA RADIATION TO ADULT Sitotroga cerealella (OLIVIER).
The work was carried out at the Nuclear Energy Centre for Agriculture at Piracicaba, Bzazil. The

purpose of the study was to determine the effect of four different gamma radiation doses on adult Sitotroga

cerealella Olivier, Doses of 0 (control), 3, 8, 12 and 27 krad were applied at a rate of 30, 2 krad/h, Use

was made of 25 Petri dishes, representing five treatments with five replications. Ten unsexed adult specimens

of Sitotroga cerealella Olivier were placed on each Petri dish, The mortality counts took 13 days, The

results showed that 6 and 12 krad gave higher percentages of mortality in shorter time.

APLICACION DE CUATRQ DOSIS DIFERENTES DE RADIACION GAMMA SOBRE ADULTOS DE
Sitotroga cersalella {OLIVIER).

El trabajo se realizb en el Centro de Energfa Nuclear para la Agricultura en Piracicaba, S3oPanlo, Brasil, El
objeto del estudlo era determinar el efecto que producen cuatrq dosia diferentes de radiacidn gamma sobre
adultos de Sitotroga cerealella Olivier, Se aplicaron dosisde 0load (testigo) e intensidades de radiacidn
de 3, 6, 12 y 24 krad, con una «<dose-tate>> de 30, 2 krad/k. Se utilizaron 25 Placas de Petri corres-
pondientes a cinco tratzamientos con cinco repeticiones, Se colocaron 10 ejemplares no sexados de adultos
de Sitofroga cerealella Olivierencadaplacade Petrl. Los contajes de mortalidad Hevaron 13 dfas. E}
resultado mostth que & y 12 krad produjeron mayor porcentaje de mortalidad en menor tiempo.

1, INTRODUCCION

El uso de radiaciones ionizantes gamma para el control de plagas,
especlalmente las que atacan granos almacenados, ha despertado bastan-
te interés en entomdlogos especialistas de varios pafses en estos filtimos
afios. Debido a la descendencia de especies o razas de insectos cada vez con
mayor resistencia a productos insecticidas clorados y fosforados, se hace
necesario intensificar la fnvestigacidn y 1a aplicacidn de otros métodos de
control como el uso de radiaciones ionizantes, De acuerdo a la bibliograffa
congultada, en la América del Sur se realizaron pocos trabajos en materia
de uso de radiaciones en entomelogia. Gallo {1] efectud trabajos de
esterilizacidén de pupas de machos de Cersatitis capitata (Wiedemann) y
Diatraea saccharalis F. Wiendl {2] aplicé radlacién gamma en dosis de
2, 5, 10, y 20 krad sobre adultos de Sitotroga cerealella (Olivier) y
Bimon [3] trabajé con la cria masal y esterilizacién con rayos gamma de
Dysdercus peruvianus G, Enel Paraguay, puede constituir actualmente
un aspecto interesante la iniciacidn de trabajos relacionados con el uso de
radiaciones para el control de plagas que atacan granos almacenados,
entre las cuales Sitotroga cerealella (Olivier) ocasiona anualmente graves
perjuicios durante el perfodo de almacenamiento de la producecidn nacional
de maiz,

¥l presente trabajo fué realizado en €l mes de septiembre de 1969,
en el Centro de Energia Nuclear para la Agricultura anexo a la ESALQ,
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EFECTO DE RADIACION GAMMA SOBRE ADULTGS DE Sitotroga
cerealella {Olivier)

Dasis Mortalidad Mortalidad Mortalidad Mortalidad
{krad) en 3 dias en 6 dfas en 9 dfas en 12 dias
v} 1 10 32 48
2 9 13 31 48
[ ] 18 40 50
12 16 21 41 50
24 9 12 44 49

en Piracicaba, Estado de 580 Paulo, Brasil, E] objetivo del estudio fué
determinar los efectos que producen ciatro dosis diferentes de radiacidn
gamma en la longevidad de adultos de Sitotroga cerealella {Olivier),

2. MATERIAL Y METODOS

La fuente de radiacién ionizante gamma fué un irradiador de 59Co
marca € Gammabeam 150, Atomic Energy of Canada Litd, Otawa, Canada -
Model GB-12°B», con una actividad de 931 Ci en septiembre de 1869,

El material a tratar consistia de ejemplares sdultos no sexados de
Sitotreoga cerealella Olivier proveniente de mafz infestado.

Se utilizaron 256 placas de Petri, provistas de humedad adecuada ¥
correspondientes a cinco tratamientos con cinco repeticiones inclusive
testigo, B5Se colocaron deniro de cada placa de Petri diez adultos no sexados
del material a tratar.

Las dosis usadas fueron de 0 krad (testigo); las intensidades de
radiacidén de 3, 6, 12 y 24 krad, con una «dose-rate» de 30, 2 krad/h.

El tratamiento fué realizado el dfa 8 de septiembre de 1969,

Los eontajes de mortalidad comenzaron al dia siguiente después de
24 h de la aplicacién. Las observaciones continuaron cen intervalos de
24 h, hasta el 13° dfa para obtener el dato de moertalidad total,

3. RESULTADOS

El tratamiento testigo con 0 krad evidentemente demostyé menor
porcentaje de mortalidad en los dfas de observacidn en relacidn a los
demés, Las dosis de 6 y 12 krad parecen ser las més indicadas por
haberse observado mayor porcentaje de mortalidad en menor tiempo
(véase tabla),
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Abstract

MEDITERRANEAN FRUIT FLY SUPPRESSION USING THE STERILITY PRINCIPLE: PROSPECTS AND PROGRAMS.
When the sterility principle was used against relatively low populations of two species of tropical

fruit flies and integrated with other techniques of population suppression, eradication resulted, Research

on the Mediterranean fruit fly, Ceratitis capitata (Wiedemann) has increased several-fold during the past

5=10 yeary, and this extra effort has now resolved some of the problems encoubtered in the effective use

of this insect in integrated suppression programs, This ie a brief résumé of the progress and a discussion

of some of the problems that st]l must be resolved,

INTRODUCTION

The value of the sterility principle for the eradication of tropical
fruit flies was clearly demonstrated in two separate pilot tests with the
melon fly, Dacusg cucurbitae (Coquillett), andthe oriental fruit fly,
Dacus dorsalis Hendel, in the Mariana Islands [1,2]. When the principle
was used againsi relatively low populations and integrated with other
techniques of population suppression, eradication resulted, The principle
has also been successful with the Mexican fruit fly, Anastrepha ludens
(Loew); thus releases of sierile insects are now used in a regulatory
program undertaken by the U.5. Department of Agriculture and the
California Department of Agriculture to prevent the spread of thia pest
from Mexico into California [3,4],

Eradication technology may be thore advanced for the melon fly and
oriental fruit fly than the Mediterranean fruit fly, Ceratitis capitata
(Wiedemann), because of the successful pilot test against igolated island
populations. However, these species and the Mexican fruit fly alsc
appear to be more tolerant of sterilizing doses of irradiation than the
Mediterranean fruit fly and are generally more competitive when they
are released after treatment. However, research on the Mediterranean
fruit fly has increased several-fold during the past 5-10 years, and this
extra effort has now resolved some of the problems encountered in the
effective use of this insect in integrated suppression programs. My
objective is to provide a brief résumé of the progreas and to discuss
some of the problems that gtill must be resolved,
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1. RELEASING A COMPETITIVE STERILE FLY

1,1, Hearing

The efficiency of mass rearing of the Mediterranean fruit fy has
increased greatly as a result of the research project, "Eradication of
the Mediterranean Fruji Fly in Central America', In 1865, United Nations
Development Programme, International Atomic Energy Agency (UNDP/IAEA)
worked with the Organismo Internacional Regional de Sanidad Agropecuaria
(OIRSA) in the establishment of magg-rearing facilities at San Jose, Costa
Rica, and by July 1967 they were capable of maintaining a normal production
of 40 million flies per week., Concurrently more effective techniques for
egg collection, larval rearing, pupal recovery, adult holding, and feeding
and handling of tremendous numbers of ingects were developed [5-8]. As
a regult, fly-rearing costs were reduced from $50 per million to about
$15 per million. In addition, certain changes made in the rearing
techniques and methods of subsequent handling of pupae and adults seemed
to markedly improve overall fly quality; this hag increased the recapture
of released flies about three-fold [ 9, 10].

The technology is now adequate o produce hundreds of millions of
Mediterranean fruit flies per week at a very low cost, Additional
efficiency in mags-rearing research and methods of handling might
further reduce the cost, but improvements in the quality and competitiveness
of flies would now seem to offer the best opportunity ic increase the
efficiency and effectiveness of sterile Mediterranean fruit flies in
eradication and suppression programs.

1.2. Handling pupae

The detrimental effect of the overheating of pupae during treatment
and movement from the rearing facilities to releage gites has been
recognized by several investigators, For example, the results of
recent teste by N. Tanaka of the Hawaiian Fruit Flies Investigationa
Laboratory, indicate that 15 litres of pupae can be held and shipped
in a single small package without overheating if the pupze are packaged
in poiyethylene bags under 5-inch NAP vacuum, Apparently the limited
amount of oxygen available for normal metabelism results in slower
development and a reduction in the amount of heat produced. Pupae
packaged in this manner have been held at room temperature for 3-4 days
and have been shipped by air without any adverse effects on adult
emergence, behaviour, or longevity, ~

If subsequent tests corroborate these preliminary findings, this
method of handling pupae could greatly improve the prospects for the use
of the sgterility principle against the Mediterranean fruii fly. One large
production centre could produce Mediterranean frult flies and could ship
them for use in action programs in any part of the world.

1.3, Sterilizing adults

In all large-scale programs Involving the release of sterile insects
to eradicate fly populations, the insects have been irradiated in the pupal
gtate [1,2,11,12], The success of these eradication programs against
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tropical fruit flies has caused many investilgators to defer investigation

of the effects of radiation on stages of flies other than pupae, However,

the initial large-scale tests invelving the release of Mexican fruit flies

made use of flies that were sterilized with tepa as they emerged, Laboratory

tests indicated that these flies were more aggressive than flies sterilized

by gamma irradization in the pupal stage 1-2 days before adult eclosion [ 3],

This difference in fly behaviour was therefore attributed io the method

of sterilization rather than to the stage of the insect at the time of exposure,

However, geveral investigators have since reported that sterilization by

irradiation in the pupal stage reduces the mating competitiveness of male

Mediterranean fruit flies, That is, mating ability of males irradiated as

pupae with 10-krad gamma irradiation 2 days before adult emergence is

about 50-65% that of untreated males, though the mating ability of treated

females is not appreciably affected [13-16). There is some guestion whether

relative matiing competitiveness in a laboratory cage condition represents

relative competitiveness in the field. However, the results of recent

teats in Hawaii indicate that male Mediterranean fruit fliee irradiated

as 2-day-old adults with 10 krad of gamma irradiation have no reduction

in mating effectiveness compared with a 50% reduction when the same

treatment is applied to pupae 2 days before adult eclosion [17]. This

superiority of Mediterranean fruit flies irradiated as 2-day-old adults

wasg then established in tests in outdoor cages and In smazall cages and

verified by a study of sperm transfer. Apparently, the increased mating

competitiveness of males irradiated as adults over thai of maleg irradiated

as pupae may be their larger supply of sperm at the time of irradiation [18].
The poesgibility therefore exists that the relative competitiveness of

flies sterilized by either method will be even more favourable for those

sterilized as adults when released in the field, This possibility should

be further explored.

1.4. Distributing sterile flies

The success or failure of the suppression experiment carried out by
the project in Ceniral America depended in large measure on adequate
digpersal of sterile flies by air. 5o a major portion of the research effort
was concerned with this phase of the program. As a result, ceértain of
the problems involved in aerial release were resolved with the paper bag
method [11], This system of distribution improved the quality ef released
flies, but it was still a very costly method of distribution., PFurthermore,
flies held in such containers are sulfiect to the hazards of overheating while
they are being transported to airfields, during leading, or within the plane.

Therefore, if full advantage were to be taken of irradiation in the
adult stage, new techniques need ioc be developed for handling and distributing
adults. However, during the past 3 years, the Plant Protection Division,
Agriculiural Research Service, U, S, Department of Agriculture, has
made significant progress in developing a method for aerial distribution
of free release of sterile insects [19]). This method, which invalves
chilling adult moths for treaiment and handling, hag greatly reduced the
cost of distribution and could be readily adapted to the Mediterranean
fruit fly if the fly can tolerate temperatures of about 5°C for a few hours.
Preliminary tests in Hawaii have shown that adult Mediterranean fruit
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flies can be chilled and held at 5°C for as much as 24 hours without any
apparent adverse effects, At this temperature, flies become inactive and
are easily irradiated and released by air or ground equipment.

2. INTEGRATION OF SUPPRESSION TECHNIQUES

2.1, Bait sprays

Both the successful and the abortive attempts to eradicate tropical
fruit flies by releasing sterile insects have indicated that a combination
of two or more techniques will in all likelihood be necessary if sterile
insects are to be used successfully and effectively in eradication or
suppression programs. For example, before the overflooding of the melon
fly population on Rota in 1962, all the farm sites received two or more
applications of protein hydrolysate-malathion bait sprays [1], Also, when
sterile oriental fruit flies were used to eradicate the population of oriental
fruit flies on Guam, full advantage was taken of the suppression that had
resulted from two hurricanes, and supplemental suppression was used to
eradicate reinfestations. Thus, as soon as the incipient reinfestation was
delineated, two applications of protein hydrolysate-malathion bait sprays
were made to all fruiting hosts, and methyl eugenol -naled bait stations
were put in operation. Thereafter, 0.5 million sterile flieg were released
each week for 26 weeks, In comtrast, when attempts were made to
eradicate this species with the sterility technique in Saipan and Tinian
without the use of supplemental methods, eradication was not achieved,
even though an apparently favourable ratic of sterile to native flies was
maintained for several months [2].

Again, during the initial phases of a successful test of population
suppression with sterile Mediterranean fruit flies (Carazo, Nicaragua;
September 1968 to May 1969; Rhode et al,, in press), the 45-km? test
area was isolated from surrounding infestations, as follows, A 2-km border
was bait-gprayed 6 times at 2-week intervals with 60 ml of malathion
plus 540 ml of protein hydrolysate bait per acre applied from the air.
One-third of the total border was covered in each application by delivering
the spray over every third swath, Thue the whole border area was
treated three times.

2,2, Male annihilation

Male annihilation proved effective as an eradication techniqhe against
the oriental fruit fly on Rota, Saipan and Tinian in the Mariana Islands [2].
Also, an incipient infestation of oriental fruit flies that occurred in
Southern California dunng the fall of 1969 was eliminated by spraying the
tree trunks in a 10-mile? area with 3 - 5 ml of methyl eugenol plus
naled [20],

The male annihilation with cue-lure 18 now heing pilot-tested on Guam
against the melon fly by the Hawaiian laboratory under the direction of
D.L, Chambers and R. T, Cunningham in co-operation with the Department
of Agriculture, Government of Guam, as a method of supplementing a
sterility program that is already in progress, Thus, on 11 July, 1970,
about 200000 1, 25-cm cane fibre cubes, each containing 1 ml cue-lure
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plus 1 ml of naled, were distributed over more than half of the 210-mile?
igland, In the next 3 -4 weeks, the captures of native flies in the

200 evaluation traps were reduced to about 80% of the pre-treatment
captures, Therefore, a second application was made on 22 August,
Meanwhile, the weekly releases of 5 - 10 million sterile melon flies have
been continued, and it ig planned to continue both techniques for about

6 months, In addition, areas in which wild mormordica occur along
highways will receive frequent ground applications of protein hydrolysate-
malathion bait sprays, and a mixiure of cue-lure plus naled is being
applied to tree trunks with ground equipment through the populated areas
of Guam at the rate of 1 -2 ml per spot, Thecretically, this combination
of methods ghould eradicate the population of melon flies on Guam: the
applications of cue-lure plus naled will kill hoth the released sterile and
native male flies, and the bait sprays applied to the wild hosts that are
known to produce melon flies will reduce the residual fertile female
population and kill many released sterile females, However, the bait
sprays are applied to very limited areas and are effective for only

a few days, 5o the sustained releases of sterile insects should provide
the necessary additional suppression and the released sterile females
should increase the number of females available to attract emerging
native males that might escape the cubes or bait sprays.

The male annihilation technique was also tested against the
Mediterranean fruit fly by Steiner and Cunningham on Terceira in the
Portuguese Azores in 1967. They used a formulation containing trimedlure,
5% naled, and a thickening agent, and applied about 800 1b {1760 kg)
of this mixture aerially to most hosts of the Mediterranean fruit fly that
occurred in dooryard fruit plantings within the villages, Each
application (rate of 2. 25 kg/km?) reduced the captures of flies in traps
for a few days., However, such a high rate of trimedlure could only be
usged in a very Hmited area in an actual pilot test, Furthermore, aerial
application of this lure mixture damages the paint of automobiles in a
manner similar to that of bait sprays and would be at least as objectionsble
since the gpote from the thickened mixture are much larger than those
from bait sprays.

Subsequently, a 19:1 formulation of trimedlure plus naled applied to
5 em? X 1,25-cm cane fibreboard suspended 2 - 3 ft above the ground at
the rate of one per acre reduced catches of male Mediterranean fruit fly
in Hawaii, Tray tests are therefore being conducted by Cunningham in
Hawaii to determine the most efficient rate of irimedlure plus toxicant
applied to fibreboard or other materials., The preliminary results of
these tests showed that 10 days after the treatment began, 1 ml of Iure
Plus 1 ml of toxicant on 1. 25 cm fibre cubes attracied and killed more
Mediterranean fruit flies than a 5 em? X 1, 25-cm piece of fibreboard
saturated with 22 ml of lure plus 1 ml of naled. These tesis suggest
that Mediterranean fruit fly males may not be in contact with the
trimedlure on the saturated fibreboard long enough to be killed by the
toxicant,

Similar tests in which cue-lure was used against the melon fly also
showed that less than 1 ml of Iure plus 1 ml of toxicant applied to 1,25 cm
fibre cubes was as effective as 5 cm® X 1, 25 cm pieces of fibreboard
gaturated with 24 ml of cue-lure and I ml of naled, Then if further testing
indicates that 1 ml of trimedlure plus 1 ml of naled on 1. 25 em cube
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fibreboard attracts and kills Mediterranean fruit flies as efficiently as
the lower rate of cue-lure attracts melon flies, a combination of male
annihilation and release of sterile insects may be the most promising
method of suppressing or eradicating populations of Mediterranean
fruit flies,

3. LARGE-SCALE DEMONSTRATION

3.1, Central America

The final phase in the development of the sterility principle against
the Mediterranean fruit fiy must be a large-scale demonstration that this
insect can actually be eradicated over a sizeable area if the total population
ig gubjected to sterile-fly releases integrated with a thorough bait-spray
program in all areas of high population density; male annihilation method
with trimedlure may also be advantageous, Such a program hag been
proposed for Nicaragua, Central America, as a follow-up to the work
g0 far accomplished by the UNDP research project mentioned previously,
because the infested area in that State (about 1000 mile?) is geographically
isolated. Moreover, a minimum of quarantine procedures would be
necessgary to prevent reinfestation from Costa Rieca, and no infestations
are known te exist north of Nicaragua.

The cbjectives of the proposed program in Nicaragua would he to
develop and demonstrate procedures for eradicating the Mediterranean
fruit fly by an integrated program of sterile-insect release plus bait
spray plus male annihilation. Such a program would provide the data
necesgary to establish realistic coste for the eradication of the Mediterranean
frait fly from the whole of Central America and would reduce the chances
of further spread of this insect northward into Mexico and the United States.

3.2, Hawali

One of the Islands in the Staie of Hawaii would alsc provide a very
suitable location for an investigation of the practicality of the uge of the
sterility principle against the Mediterranean fruit fly. However, the
ciurrent major objective of our Hawaii laboratory is the development of
highly selective methods for the simulianeous eradication of all three
species of {ropical fruit flies, the oriental and Mediterranean fruit flies
and the melon fly. Thus the immediate plans involve pilot teits against
all three species to determine whether eradication can be achieved, Since
the male annihilation technigue has reduced the cost of eradication of the
oriental fruit fly by about 96%, we are confident that it is now possible {o
eradicate this fruit fly from Hawaii. However, if the Mediterranean fruit
fly and the melon fly are not also eradicatied, the cost of maintaining
quarantines would not be reduced, Moreover, there is a possibility that
the population of Mediterranean fruit flies would increase because of
the absence of the competition. Therefore a large-scale pilot test should
inelude a bait-spray program in selective host areas, male annihilation
with all the highly specific lures, and release of sterile insects of all
three species.
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Such use of sterile insect releases as a supplementary measure for
the eradication of all three species appears very promiging., Many basic
and applied phases of this research have been completed in the laboratory
and in small field tests, Now certain aspects of the combination of the
releases and the male annihilation technique need further development
in large-~scale pilot tests in which these methods can be perfected for use
in Hawaii, Such tests should be made against fruit-fly populations on one
of the smaller islands, for example Lanai, The support for and interest
in such testing is growing among officials in Hawaii, members of the
U. 5. Congress, and State and local authorities in California for the
additional financial resources necessary to undertake the type of research
needed to perfect eradication measures for all three species of tropical
fruit flies in Hawaii,
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DISCUSSBION

M,E, TZANAKAKIS: Do you plan to use radiation or chemicals to
sterilize the three fruit-fly species in the eradication attempt?

E.A. TAYLOR: Sterilization will be carried out by means of garnma
irradiation,

M.E. TZANAKAKIS: Are the aduli flies chilled during irradiation?

If not, in what other way do you keep them anaesthetized?

E. A, TAYLOR: They are chilled.

M. FRIED: You mentioned in your paper the possibility of using
pupae shipped in polyethylene bags under vacuum, Can thig method be used
after irradiation and how does it affect emergence and the nature of the
adult that has emerged?

E.A, TAYLOR: The pupae were ireated before packaging and kept at
room temperature for three to four days without any adverse effects on
adult emergence, behavicur or longevity.

L.E, LaCHANCE: You mentioned that irradiation of two-day-old
adults produced a 'better’ sterile fly than irradiation of "old" pupae, How
was this measured?

E, A, TAYLOR: The superiority of Mediterranean fruit flies irradiated
a8 two-day-old adults was established by means of tests in large outdoor
cages (in which mating was observed) and small cages (with various ratios
of {reated to untreated flies}, and by means of a study of sperm transfer,
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LA MOSCA DEL MEDITERRANEOQ
Programas realizados en Esgpafia
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Abstract — Resumen

THE STERILE-MALE TECHNIQUE IN THE CONTROL OF THE MEDITERRANEAN FRUIT FLY: PROGRAMS
CARRIED OUT IM SPAIN,

The Institute Naclona! de Investigaciones Agronfmicas started in 1965 a program of application of
the sterile-male technique For the control of Ceratitis capitata (Wiedemann), Artificizl mas reating was
started in Madrid in 1965; at present, the rearing laboratory produces an average of 1 miltlon pupae pet day,

From 1965 to 1868, field releases of sterile insects ({rradiated at a dose of & krad) were carled out in the
island of Tenerife, over an area of 450 ha, Iu the fist two years no positive results were obtajned (partly
because of the small number of insects released), In 1968, the fotal release amounted to 25 million insectsy
significant differences between the release area {15% infestation) and the control area (70° infestation) were
shown,

In 1969, field experiments were carried out in a regular plantation {citrus, apricot and peach) in the
province of Murcia, 32 mililon sterile flies were released over an area of 25 ha during the period March-
August, Although the release area was not well isolated, the infestation in the area stayed below 1%

(except for the last week when there was very liftle fruit left on the trees), whereas the infestation in the
neatby control areas was higher than 60% during the same period,

In 1970, experiments are being carried out on irradiation doses (7 krad and 9 krad) and on the
ptoblem of punctures caused by sterile females on certain fruit varieties,

In conclusion, it has been shown that the sterile~-male technique i a fully effective method, when
applied to small areas, Experiments on larger areas are being planned for 1971,

LA TECNICA DE MACHOS ESTERILES EN EL CONTROL DE LA MOSCA DEL MEDITERRANED: FROGRAMAS
REALIZADOS EN ESPANA,

E hnstituté Nacional de Investigaciones AgronSmicas viene desarrollando, desde 1985, un progtama de
apHcaciSn del métode de <« machos estériles> contra Ceratitls capitata (Wiedemann), La erfa attificial se
inicié en el laboratorio de Madrid en 1965, a pequeila eseala; actuzlmente esta instalacifn tiene una capacidad
de produccisn media de 1 millsn de pupas/dfa.

De 1986 a 1968 se realizaron ensayos de suelta de insectos estfriles (irradiados con una dosis de 9 krad)
en la isla de Tenerife, sobre una superficie de 450 ha, Los primeros dos aflos no se obhuvieron resultados
positivos debido, en patte, al escaso nfimero de insectos soltades. En 1968 con una suelta total de 26 miliones
de insectos, se apreciaron diferencias significativas entre 1a zona de sueltas {15% de ataque) ¥ la zona testigo
¢Th de ataque).

En 1969 los-ensayos de campo se realizaron en una plaptacidn regular de cftricos, albaricoque y
melocotbn, de la provincia de Mureia, Se soltS un total de 32 millones de insectos sobre un Srea de 25 ha
durante el perfodo marzo-agosto, A pesar de o estar la zona bien aislada se logrb mantener el ataque de
Ceratitis inferior al 1% (excepto en la Gitima semnana de julic, cuando ¥a quedaba muy poca freta), Durante
el mismo perfodo, las zonas testigo adyacentes registraron ataques superlores al 60% en todas ellas,

En 1370 se estd estydiando, en el campo, el efectode distintas dosls de {rradiaci8n (7 krad y @ krad) y el
fentmeno de las picaduras producidas por las hembras estériles en algunas vadedades de fruta,

Como conelusidn, los resultados ebtenidos muesttan que el método es plenamente eficaz en su
aplicacidn a extenslones de temeno pequeffas, Para 1871 se ptoyecta realizar un ensayo sobre extensiones
MEYGTes.
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Desde 1965 el Instituto Nacionzal de Investigaciones Agrondmicas viene
desarroilande un programa de aplicacidn del métodode «machos estériles»
para combatir la mosca de la fruta, Ceratitis capitata (Wiedemann), En
la presente comunicacién se exponen, brevemente, los trabajos realizados
¥ resuliados obtenidos,

TRABAJOS REALIZADOS EN 1965-66

En 1965 e inicid la erfa artificial masiva de Ceralitis capitata en
¢l laboratorio de Madrid, Se realizaron estudios basicos scbre métodos
de crfa, dosis de irradiacién y marcado de insectos con radicisétopos,

En 1966 el laboratoric producia un promedio de 53 000 pupas diarias,

Para los ensayos de campo ge eligieron dos valles adyacentes y
relativamente aislados en el sur de la isla de Tenerife, who como zona
experimental y oiro como zona testige. En estos valles existfan huertos de
albaricoqueros, melocotoneros, cftricos, higueras y vides. No existian
plantaciones regulares propiamente dichas. En toda la zona, el ataque de
Ceratitie era muy fuerte, No se realizaba ningfin tratamiento sistemético
con pesticidas. Durante todo el tlempo que duraron nuestras experiencias
se suprimid totalmente todo tipo de tratamientos.

La suelta de insectog estériles se inici6 en mayo de 1966, sobre un
frea de unas 450 ha, en el valle elegido como zona experimental. Las
pupas, irradiadas en Madrid, en una fuente de ¥'Cs, a una dosgis de 9 krad,
se enviaban por via adrea a Tenerife, Se ensayaron distintos métodos de
empaqueiado y suelta, Finalmente, se adoptd el método de envio de las
pupas irradiadas en bolsas de papel, rasgindose estas bolsasg en el campo
al emerger log adultoes, No se efectuaron sueltas aéreas. De mayo a
diciembre de 1966 se scltaron mis de siete millones de insectos. No se
pudo comprobar ningfin resultado positivo; el atague de Ceratitis continuaba
aslendo muy intenso,

TRABAJOS REALIZADOS EN 1967

Se instal en Madrid un nuevo laboratorio de eria artificial, Se
efectuaron una serie de experimentos sobre dietas alimenticias y su
influencia en la oviposicién, La produccidn de pupsas ascendid a un
promedio de 72 000 diarias. Se continud la suelta de insectos irradiados en
la misma zona y con los mismos métodos del afio anterior, o se efectud
un muesireo sistemético de la fruta atacada pero algunas tomas de muestras
aisladas parecian indicar un descenso del ataque de Ceratitis en la zona
experimental., El total de insecios moltados fué de 4 millones,

TRABAJOS REALIZADOS EN 1968

Con la introduceién de nuevos métodos de cria se logré slevar la
produccidn a un promedio de 200 000 pupas diarias, Continuaron realizéndose
las sueltas de insectos irradiados en 1la misma zona: estas sueltas
alcanzaron, en 1968, un iotal de 25 millones de insectos estériles. Se
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PORCENTAJE DE FRUTA ATACADA

Zona Julio
experimental | Abril | Mayo Junio 1-10 10-20 20-25 25-31

Cftricos 10 - - - - - -
Albaricoque - 0 0 - - - ~
Melocotén - - 0 0,1 0,2 1,0 10

Zona Julio

testigo Abril | Mayo | Junio | 1-10 10-20 20-25 25-31

Albaricoque - G 1] a0 90 - -
Albaricoque - 4] 0 40 90 - -

Melocotén - - - 0 0 0 0
(tratado con
insecticida)

Melocotbén - - - 40 a0 100 -
Melocotén - - - 10 25 100 -
Melocotén - - - - - - 60

realizéd un muestreo sistemditico del grado de ataque en el melocotdn, Los
resultados fueron, en resumen:

1} Zona experimental: promedio de fruta atacada = 15% {variando
entre el 6% y el 23%);

2) Zona testigo: promedio de fruta atacada = 70% (variando entre
el 39% v el 100%),

¢
TRABAJOS REALIZADOS EN 1969

La produccibn de pupas alecanzé un promedio. diario de 400000, El
programa de campo de 1a isla de Tenerife se abandoné temporalmente,
debido a una serie de razones, sobre todo de tipo logfstico, Se iniecid un
nuevo programa en la zona de Alhama de Murcla, en el Sudeste de Espafia,
En este programa colabord la Divisidn Mixta FAQ/OIEA, proporcionando
agsesoramiento técnico ¥ suministrando pupag durante la primera fase
del mismo,

La nueva zona experimental abarcaba unas 25 ha, con plantaciones
regulares de citricos, albaricoque y melocotén, Como zonas testigo se
eligié una plantacién regular de melocotdn y ocho puntos de conirol en
areas préximas, La plaga de Ceratitis es endémica en toda la regidn.

El objetivo del programa consistia en controlar el ataque de Ceratitis
en el albaricoque y melocotdén, mediante la suelia de insectoa estériles,
gin utilizar ningfin otro tratamiento,
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Todas las pupas se irradiaron en Madrid, se transportaron por
carretera a Murcia y se soltaron en estado adulto, Las sueltas se realizaron
desde marzo a agosto, totalizando 32 millones de pupas (26 millones
procedentes del laboratorio de Madrid y 6 millones del laboratorio de
Seibersdorf, suministradas por el OIEA),

Se realizaron ensayes sobre longevidad y dispersibn de los insectos
irradiados. Los datos obtenidos muestran que, en condiciones normales,
la «vida media® en el campo de la poblacidn de insectos irradiados puede
estimarse en 6 dfas (entendiendo por «vida media», el tiempo que la poblacién
tarda en reducirge a la mitad), La dispersidn de los insectos irradiados
e relativamente escasa, inferior a 250 ml del punto de guelta (aunque haya
algunos ingectos que excepcicnalmente recorran distancias de varios
kilémetros),

La zona experimental estaba relativamente aislada. Sin embargo,
se demostrd la posibilidad de penetracibn de insectos fértiles desde zonas
proximas.

El examen de la fruta de la zona experimental y de Zonas testigo dib
los resultados que se pueden obgervar en el cuadro.

Estos resultados demuestran que es posible lograr un control eficaz
de Ceratitig capitata, mediante el exclusivo empleo del métode de «machos
estériles», en zonas de extensién reducida, incluse aunque no estén
perfectamente aisladas,

TRABAJOS REALIZADOS EN 1970

En los ensayos de campo realizados en afics anteriores se puso de
manifiesto que existen dos problemas que es preciso resolver para poder
aplicar el método de «machos estériles» a gran escala y con méxima eficacia:

a) Mejora de la calidad del insecto criado artificialmente e irradiado.

b} Picaduras «estériles», es decir, picaduras que produce en la fruta
la hembra esterilizada; ecstas picaduras no dan lugar a larvas, pero
deterioran el aspecto externo de la fruta y pueden constituir un serio
inconveniente, En afos arngeriores ya se observé que las picaduras
«estériles» no constituyen problema en ninguna especle de cftricos, pero sf
pueden constituirlo en algunas variedades de albaricogque o melocotén.

Con objeto de estudiar algunos factores de estos dos aspectos, se
montaron en una explotacisn fruticola de la provincia de Murcia un total
de veinte jaulas de armadura met#lica y malla de pléstico, cubriendo cada
una de ellas un 4rbol frutal (melocotén), Dentro de estas jaulas se
efectuarcn dos tipos de ensayos:

a} Suelta de insectos irradiados a dosis de 9 krad vy 7 krad e insectos
fértiles en proporcién de 10:1 y 50:1, Estos ensayos tienen por objeto
comprebar en ol campo la eficacia de una y otra dosis de irradiacién, Los
experimentos se estdn realizando actualmente y afin no hay datos concluyentes.

b) SBuelta de insectos estériles (5000 por semana y jaula en un ensayo y
50000 por semana y jaula, en otro), schre distintas variedades de
melocotones, En todog los casos, se observan numerosas pleaduras
«estériles®, Sin embargo, en ciertas variedades (Collins, Dixired,
Cardinal), las picaduras no son pricticamente vizibles, por lo que no
afectan al valor comercial del fruto,
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En otras (Jerémnimo, paraguaya), son muy visibles y constituyen un
gerlo inconveniente. En todos los casos, el nlimero de picaduras esti
en relacién directa con el nfimero de insectos soltados,

Actualmente, la capacidad de produccifn del laboratorio es superior
a 1 millén de pupas/dia. Con esta capacidad de produccién y los datos
que se estféin obteniendo este afio, se provecta realizar en 1971 un
experimento sobre guperficics més extensas,

DISCUSSION

I. A, KANSU: The puncturing problem appears to be a very important
one and would also be encountered in my own country, Turkey, I believe
that, in order to overcome it, release must be carried out earlier - if
possible in May or June instead of July. What is your opinion?

L. MELLADO: Early releases, when the fruit is not yvet receptive,
would solve the problem, as you suggest, However, it is not always possible
to apply this solution.

L.E. LaCHANCE: With regard to the problem of ! sterile stinga' by
released females, I believe it remains to be determined how serious this
problem would be if the females were not caged over the trees,

L, MELLADO: The problem is certainly more serious when the
females are caged over the treea, The objective of the experiment was
to ereate the worst possible conditions in order to determine the maximum
possible damage,

M. FRIED; You mentioned that different varieties of peach were affected
differently, Is there any generalization that you can make, such ag earlier
varieties being affected differently from later ones, and so on?

L. MELLADO: Unfortunately, we found that such a generalization ig
not possible, at all events not on the basis of data we have at present,

We found that both early and late varieties may or may not be affected by
! sterile punctures',

M.J. WHITTEN: In the light of the possibility of serious damage caused
by punctures of the sterile female, have you given consideration to the
possaible use of genetic technigques for the rapid and automated gexing in the
pupal stage of the Mediterranean fruit fly?

Dealing with a related problem, working with the Australian sheep
blowfly Lucilia cuprina, we isolated a pupal colour mutant controlled by a
gene on chromosome 2, We coupled this gene to the male-determining
chromosome by means of a translocation. The absence of crosging-over
in males of higher diptera make this attachment very stable, Our workshop
then built a machine which sorted the pupae on the basis of colour ~ males
had black pupae and females brown — providing a rapid and accurate means
of separating the sexes at this early stage.

Any mutant which expresses itself in the pupal stage can be sex limited
in this manner in the higher diptera. However, it should be realized that
these males will have a reduced fertility of 50% because of the translocation
heterozygote, This may be an obstacle to mass rearing in some instances,

With the sheep blowfly our object was not simply to eliminate a trouble-
some sterile female (in fact she is not troublesome) but to allow us to find
ways of giving her a positive role in the sterile insect program, This work
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has been described in my article ""Genetice of pests in their management"
in "Concepts in Pest Management'', edited by F. Guthrie and R. Rabb,
published by North Carclina State University Press, Raleigh, N. C. {1970).

L. MELLADO: Your suggestion is very valuable, An easy method for
sexing the fruit fly in the pupal stage would certainly solve the problem of
Tsterile stings'.

R. PAL: May I please ask one general question? How was the release
ratio determined in these control and eradication programs in the absence
of any knowledge of the gize of the natural target population of fruit flies?

L, MELLADO: We did not determine the release ratio, However,
the posgltive results of the experiment in Alhama show that a knowledge
of the size of the normal target population is not essential if enough sterile
insects are released, I agree, however, that this knowledge ig highly
desirable for large-scale experiments,

R. PAL: Mr. Taylor, may I put the same question to you?

E, A, TAYLOR (Chairman): In the case of the melon fly, we
experimented with a 100:1 ratio of overflooding, and the situation improved
week by week, In some other programs that we have carried out infested
spots developed, the ratio of sterile to wild flies declined and the program
had to be abandoned, A ratio of 50:1 to 100:1 over the entire area is a
good starting point.

D, WALKER: What would be the relative advantage, Mr, Mellado, of
releasing only one sex, particularly with respect to the avoidance of
intermating between sterile males ang sterile females?

L, MELLADO: I think there would be no significant differences in
the resulis if only males were released,

G, H, 5, HOOPER: In laboratory experiments with cage populations of
approximately 400 flies, we have found that the addition of sterilized
females to unireated males and females to give a ratio of 10:1:1 hag little
effect on the resulting egg hatch, When both sterilized males and females
are added to untreated males and females to give & ratic of 10:10:1:1 the
egg hatch is equivalent {o that obtained by adding sterile males only., Thusg
cur experimenta indicate that the addition of sterile females of Ceratitis
capitata neither enhances nor reduces the conirol provided by sterile males
alone,

J. W, WRIGHT: As a general comment, it seems desirable that greater
attention be given to ecological studies involving the establishment of
accurate estimates of population numbersg. If this ig not done, and releases
are made on the basis of only rough figures, we shall never know, or never
be akle to prove, the reasons for success or fajlure. Absgolute numbers
were accurately determined in those programs that have been successful in
the past and gould be the foundation on which future studies are built.

E, A, TAYLOR(Chairman): I agree that more and hetter ecological
studies are needed,
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Abstract — Résumé

POSSIBILITIES OF INTEGRATED CONTROL OF Dacus pleae (GMELIN} BY AUTOCIDAL AND CHEMICAL
METHODS,

As is well known, the prerequisite for any integrated control of the olive Dacus by autocidal and
chemical methods iz that satisfactory solutions be found first to a number of gquestions relating to these
techniques, In this study, the authors seek to summarize the main results of research carmied out in the last
twelve years (1957-196%) on different questions directly ér indirectly connected with the integrated control
of the olive-tree Dacus by autocidal and chemical methods. Mere particularly, the research in guestion
has dealt with the action of chemical sterilants, ionizing radiation, fnsecticides, attractants and repellants:
with questions of toxic residies and other secondary effects; and lastly, with some questions relating to the
biology and ecology of the olive fly which ate directly connected with the problem of controlling this
species by combined methods,

POSEEILITES DE LUTTE INTEGREE CONTRE Dacus oleae (GMELINY AU MOYEN DE METHODES AUTOCIDES
ET CHIMIQUES,

Toute lutte intégrée contre Te Dacus de 1'olive au moyen de msthades autocides et chimiques
présuppose, comme on sait, la sclution préalable d'une série de probldmes relatifs & ces méthodes, Dans
ce travail, les auteurs pagsent en revue les principaux rsultats des recherches effectufes au cours des
douze demigres années (1557 =1869) sur différentes questions concernant directement on indirectement la
lutte intégrée contre le Dacus de 1'olive au moyen de méthodes autocides et chimigques. Ces recherches ont
trait plus particuli2rement 3 1'action des substances chimiostérilisantes, des rayonnements ionisants, des
insecticides et des substances attractives ou répulsives, aux prabl2mes posés par les résidus toxiques et autres effets
secondaires, enfin i certains aspects de la biologia et de1'écologie de la mouche de 1'olive se rattachant
directernent au probléme de la lutte contre cette espice au moyen de méthodes combinges.

INTRODUCTION

La stérilisation d'une certaine esptce d!insectes en laboraioire, 2
1'ajde de radiations ou de produits chimiostérilisanis, conduit parfois &
conclure prématurément que nous sommes en possession d'une nouvelle
méthode de lutte efficace, fondée sur la stérilisation de I'insecte., En
réalité, une constatation ainsi 6tablie en lahoratoire, en dépit de 1'intéré&t
théorique manifeste qu' elie présente, ne constitue gqu'un premier pas dans
la voie de la lutie contre cet insecte au moyen de mé&thodes autocides.

Pour &tudier 1'efficacité et les possibilités d* application pratique d'une
méihode de lutte autocide s'appuyant soit sur la stériligation d'insectes
d'élevage au moyen de radiations ou de facteurs chimiostérilisants, soit
sur la chimiostériligation de populations naturelles, il est indispensable
de résoudre préalablement différents probleémes en liaigon directe ou
indirecte avec la quesiion.

55
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La solution de ces problémes est absolument indispensable lorsqutil
¥ & Heu dfappliquer leg méthodes autocides, non pas isolément, mais,
comme c'est ['usage, en combinaison avec df autres méthodes, dans le
cadre d'une lutte intégrée contre le Dacus de 1'olive,

Le présent travail a pour but de présenter en un tableau d' ensemble
les principaux résultate de diverses recherches accomplies pendant la
derni¥re période de douze ans (1957-1969) sur ' action exercée sur le
Dacus de 1'olive par certains produits chimiostérilisants, par les radiations,
les insecticides, les substances attractives ou ré&pulsives, ainsi que sur
certaines questions biologiques et écologiques relativea X ceite espdee,
questions étreoitement rattachées, directement ou indirectement, % toute
application future d'une lutie intégrée au moyen de méthodes chimiques et
autocides.,

Nous aimons & croire qu'un tel exposé, sommaire mais synthétique,
nous permettra de mieux apprécier les résultats obtenus jusqu'h présent
et de mieux discerner les possibilités que présente pour 1' avenir une lutte
intégrée contre le Dacus au moyen de ces méthodes,

1, RECHERCHES SUR DES AGENTS DE CHIMIOTROPISME POSITIF
DU Dacus

Le repérage de subgtances fortement atiractives pour le Dacus de
1'olive présente un grand intérét dans toute application de méthodes autocides,
En effet, 1'emploi de substances de cette nature sous forme d° appits peut
occasienner une diminution considérable de la dengité de la population
naturelle et, conséquemment, la réduction au minimum possible dunombre
d'individus stériles nécegsaires pour &tre l8chés sur la surface d'une
oliveraie donnée. Cette réduction du nombre d'individug l4chés, qui se
répercute directement sur les dimengions de 1 élevage et, par suite, sur
le cofit de la campagne dacicide, revét une importance spéeiale si 1'on
considere que la proportion entre individus stériles et normaux est
ordinairement évaluée [34], en ce qui concerne le Dacus de 1'olive, % plus
de 4:1,

Mais, alors méme que la stérilisation serait faile, non pas sur des
insectes d'élevage mais sur la population naturelle méme, 1! application
de substances atiractives sous forme d'appits en vue de réduire cette
population naturelle ne serait pas de moindre importance,

Les principales recherches effectuées dans 1' espace des douze dernitres
années pour découvrir des substances attractives pour le Dacps ont été les
guivantes:

A la suite d'expériences effectuées en 1957 [ 21, 22] il a été possible de
constater la puisganie action attractive exercée sur le Dacus par différentes
substances produites par hydrolyse de protéines {staley 2, staley 7, caséine,
levure de bikre), A titre d'indication on notera que le rapport d'attractivité
entre 1'hydrolysat de protéines staley 7 et la mélasse — seule substance
attractive largement employée % 1' épogue dans la méthode de Cillis Berlese —
a ét& dans ces expériences de 47 4 1 adultes de Dacus,

Des recherches ultérieures, au cours desquelles on a employé des
golutions aqueuses de 27 acides aminés différenta et de leurs sels, ont
moniré qgue la forte action attractive des hydrolysats de protéines pourrait
&tre attribuée b la présence de différents acides aminés [42). Les nombreuses
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recherches parall®lement entrepriges pour repérer d'autres subgtances
atiraciives du Dacus parmi différenis groupes de substances chimiques
(huiles essentielles, alcools, résines, esters, aldéhydes, huiles végétales)
ont abouti 4 des résultats négatifs [44]. Tout aussi négatife ont &€, au point
de vue du chimiotropisme positif, les résultats obtenus avec certains produits
de synthese [ 25, 58] {trimedlure, siglure, medlure, cue-lure, eugénole,
méthyleugénole, isceugénole, méthylisoeugénole, huile d'angélique, huile
Citronella) dont la puissante action attraciive sur d'autres espbces de
dipteres &tait déjh depuis longtemps connue [4, 8, 11, 65, 661,

Ainsi constatée, la puissante attractivité exercée par les hydrolysats de
protéines sur les adultes de Dacus a conduit 2 1'emploi % une échelle de plus
en plus grande des principales dlentre ces protéines (staley 7, protéine Rhodia,
cératine, atropaz, zitan 85, tarmon 127, 64/3442, PLIH, 66/4180, etec.),
en combinaison avec des insecticides organophosphorés dans une nouvelle
méthode de lutte préventive modifée, La protection satisfaisante de
1'oléiculture assurée par 1'application d'app8ts de protéines [ 28, 58, 64],
par pulvérisations & faible volume (10-40 litres /ha}, d'abord % partir du sol
puis A partir de 1'air [59,60], a encouragé pendant ces derni®res années
1'extension de cette méthode, qui réduit avec une exiréme rapidité la
densité de la population de Dacus adultes, sur des superficies correspondant
& environ cinquante millions d'oliviers par an en Grce.

Les études effectudes et les perspectives de succts qui se dessinent dans
1t application de la nouvelle technique de pulvérisation 4 tr¥s faible volume
{1 litre/ha) montrent {43, 49] I'importance que ces résultats peuvent
présenter, au point de vue de la diminution de la population naturelle du
Dacus, dang 1'application d'un programme de lutte intégrée contre cet
insecte au moyen de méthodes chimiques et autocides,

2, RECHERCHES SUR DES AGENTS DE CHIMIOTROPISME NEGATIF
DU Dacus

Il a été constaté pendant ces derni®res annéee que les huiles essentielles
et certaines suires substances aromatiques constituent pour le Dacus de
1t olive des agents de chimiotropisme négatif qui conirarient vigoureusement
1" action des substances attractives [44, 52].

Ces résultats présenient évidemment un trés grand intSrét en ce qui
concerne L' application d'un programme de lutte contre le Dacig au moyen
de méthodes chimiques et autocides, En effet, certaing des agenis de
chimiotropisme négatif signalés jusqu'h présent se trouvent dans les
app#is de Dacus (substances actives 'd'insecticides, solvanis organiques)
ot agissent dans un sens opposé 4 1'action des hydrolysats de protéines
déja largement employés dans ces appfts [45, 511,

3. RECHERCHES SUR LA CHIMIOSTERILISATION DU Dacus
EN LLABORATOIRE

A la suite des travaux effeciués dans les années 1962-1963, nous
avons pu observer une action stérilisante particulidrement forte exercée sur
des adultes de Ceratitis capitata (Wiedemann) ~ une eaptce de la famille
des Trypetidae apparentée au Dacus — par unhe nourriture contenant trois




58 ORPHANIDIS et KALMOUKOS

différents agents d'alkylation {dérivés d'aziridine) connus sous les noms
d'apholate, metepa et tepa [33, 35, 37]. Les résultats obtenus sur Ceratitis
ont &té postérieurement confirmés par des travaux analogues de Keiser

et al, [13] et de Scherney et Haisch [§3].

Durant cetie méme péricde nos expériences révéliérent une forte action
stérilisante de 1'agent 4' alkylation metepa sur des adultes de Dacus
oleze, tandis que Pelekassis et Mourikis [ 57] et, plus récemment, d'autres
chercheurs [ 7, 70] signalaient 1' action analogue de 1'agent tepa. Enfin nos
récents travaux dane les conditions de laboratoire ont permis de consgtater
la forte action exercée sur des adulies des deux sexes de la méme espbee
par un autre agent d'alkylation, 1'apholate [47].

Dans les conditions des expériences précitées la stérilisation - toujours
plus intense chez les méles que chez les femelles — était &levée, atteignant
m&me un rapport de 4:1 (80%:20%) entre méiles stérilisés et méles normaux
[34], ce gui concorde avec 1a proportion indiquée par des chercheurs
italiens dans des expériences de stériligsation par les radiations [18],

En ce qui concerne la atériligation de pupes de Dacus par des agents
d'alkylation, elle a ét€ plutdt faible, malgré les fortes concentrations
employées [37].

Un des principaux avantages de la chimiostérilisation sur la stérilization
par les radiations consiste, comme on le sait, dans le fait que la stérilisation
chimique peut &tre appliquée, d'apres Knipling [15], non seulement & des
insectes d'flevage mais aussi b des populations naturelles, I est évident que
cetie possibilité présente un intérét tout spéeial pour ceriaines esplces
monophages comme le Dacus de 1folive, dont ' élevage en masse sur substrat
artificiel présente encore bien des difficuliés.

Malheureusement, toute chimiostérilisation 4 grande échelle de
populatione naturelles de Dacus & 1'aide des trois puissants agents
d! alkylation repérés jusqu'ici doit &tre présentement exclue pour des raisons
purement toxicologiques [10] — % 1'exception 4! expériences 1 1'aide de
pikges d' autochimiostérilisation ~ % moins que des méthodes plus sfires et
plus gimples d'application de ces substances en plein air ne goient mises au
point entre-temps,

L'imposegibilité d'appliquer A grande échelle & des populations
naturelles les agents 4! alkylation précités nous a amenés 4 étudier
1! éventualité d'une chimiostérilisation au moyen d!autres substances
considérées comme toxicologiquement Inoffengives, Parmi les substances
de cet ordre, celle qui a été &tudiée pour la premidre fois par Chang
et coll, [ 6] sur Musca domestica, 1'hempa (hexaméthylphosphoramide), a
moniré dans nog expériences une action tres forte sur des adulﬁs:s méles de
Dacug, Parmi les autres substances chimiques que nous avons &tudiées ont
paru intéressants quelques composés organiques de 1'§tain, la plupart
connus seit par les travaux d' Ascher [1, 2] comme des agents antiappétants,
soit par les travaux de Kenaga comme des agenis inhibiteurs d'oviposition [14],
On notera que, parmi ces substances, les fongicides connus sous les noms
de Du-Ter! et Decafentin? administrés per og, ont fortement entravé le

! TriphEnylhydroxyde d'étain de la Maison Philips-Duphar, Pays-Bas.

? (Décyltriphénylphosphonium)-bromechlortriphgnylstannate de la Maison CELA/Landwirtschaftliche
Chemikalien GmbH, Ingelheim, Rép, f&d. d'Allemagne, Le Decafentin n'a &t& &dié que sur Ceratitis
capitata (Wiedemann) (les résultats obtenus par le premier des deux auteurs du présent travail n'ont pas Eté
publids)y,
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phénomene d'oviposition chez les femelles aussi bien de Dacus que de
Ceratitis capitats (Wiedemann) [47].

Ajoutons pour terminer que, d'apris les recherches expérimentales
exposées ci-dessus, la question de la dose efficace i chaque fois ne
constitue pas une notion absolue, comme lg dit Keiser [13], mais qu'elle
est fonection, entre autres, du mode d'administration de la substance, I
semble, par exemple, gue le mélange d'agents d'alkylation avec desg
protéines hydreolysées ait pour effet d! augmenter aussi bien la limite de
tolérance que la dose efficace minimale,

4, RECHERCHES SUR LA CHIMIOSTERILISATION DU Dacus
EN PLEIN AIR

Pour &tudier les possibilités de chimiostérilisation de populations
naturelies de Dacus enpleinair au moyen d'agents d'alkylation (apholate),
nous avons procédé en 1964 A une expérience gpéciale sur une oliveraie isolée
de 1'7le de Leshoa, comprenant environ 2000 oliviers [38,41], Nous avons
employé pour cette expérience des pidges spéeiaux d'autochimiostérilisation;
les résultats étaient constamment conirdlés par 1'observation des pour-
centages d'é&closion, tant dans 1'aire expérimentale que chez le témoin, Le
fait que les pourcentages d' éclosion se sont maintenus constamment, pendant
deux mois et demi, A des niveaux nettement inférieurs aux pourcentagesd
correspondants des témoina (45,3 £ 14,5 contre 89,7 £5, 3), malgré
1Texiguité de 1' oliveraie expérimentale et 1'insuffisance de son igolement,
dénote clairement croyons-nous 1'importance toute spéeiale que pourrait
présgenier ¥ 1M avenir la chimiostérilisation de la population naturelle du
Dacus de 1'clive pour la lutie contre cet insecte,

%, RECHERCHES SUR LA STERILISATION DU Dacus PAR LES
RADIATIONS

L.a méthode de stérilisation par les radiations constifue, comme on le
sait, avec la méthode de chimiostériligation 1'une des deux méthodes
fondamentales dont nous disposons pour la stérilisation des ingecics et,
partant, du Dacus de 1'olive, .

Les travaux effectués pour la premidre foig en Iialie en 1960 par Melis
et Baccetti [ 18] ont permis de consgtater gu'il est posgible de stériliser
des pupes de Dacus 3 & 7 jours avant leur éclosion d 1'alde des rayonnements
gamma (8000 - 12 000 R) émis par une source de cobalt (¥Co). Ces travaux
ont montré gue, avec un rapport de 4:1 entre méles stérilisés et méles
normaux, le résultat était satisfaisant,

D' astres recherches effectufes plus tard en Gréce [6'7,70] ont de
nouveau mis en évidence la forte influence des rayonnements gamma, tant
sur les pupes que sur les adultes et les larves de Dacus. Tzanakakis a
récemment &tudié I'influence de 1'ige sur la régistance aux radiations et,
de plus, les répercussions de ces dernidres sur la compétitivité des
méiles {71l
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6. RECHERCHES SUR DES INSECTICIDES CONTRE LE Dacus
DE L'OLIVE

Le repérage de puissants insecticides contre le Dacus de 1'olive
présente, comme c'est aussi le cas pour les substances attractives adéquates,
un grand intéré&t pour ' application de méthodes autocides dans le cadre d'une
méthode de lutte intégrée contre cet insecte, Cet intérét réside dans la
diminution de la population naturelie du Dacus obtenue & 1! aide de ces
insecticides et, par conséquent, dans ' augmentation du rapport entre
individus stériles et normaux,

Les recherches effectuées pendant les douze dernidres années ont porté
non seulement sur 1'action exercée sur lea adultes et les larves du Dacus
par diversg insecticides organophosphorés et carbamiques [3, 12, 17, 23, 45, 53],
mais aussi sur d'autres gquestions relatives aux effets secondaires des
insecticides, comme leur action toxique sur 1'olivier {27}, la présence de
régidus toxiques dans 1'huile et les olives [ 24, 48] ou leur effet sur las
especes utiles vivant dans les oliveraies [ 29, 30, 31, 54], Ces recherches,
qui ont permis d'étudier parmi les principales propriétée physiques et
biologiques des insecticides celles qui sont les plus d&terminantes dans
leurs effets secondaires (coefficient de répartition, rémanence, spectre
d'action}, ont déjx conduit au choix des insecticides appropriés, séparément
pour chacune des deux méthodes chimiques actuellement en usage dans la
lutte conire le Dacusg, scit la méthode préventive et la méthode curative,

La diminution des quantités de substance active appliquées en Grace
par unité de superficie du sol et par pulvérisation (100 & 150 g/ha au lieu
de 600 % 900 g/ha dans d'autres pays) a eu pour effet, non seulement de
réduire le cofit de la lutte chimique contre le Dacus et ses répercussions
sur 1' équilibre biologique [40], mais aussi d’atténuer 1'importance du
probleme, auirefois extrémement aigu, des résidus dans 1'huile et dans
1'olive et des probleémes de toxicité., Il est évident que Jes résultats des
recherches en question sont particulidrement utiles en cas d'application d'un
programme de lutte intégrée contre le Dacus au moyen de méthodes
chimiques et autocides.

7. RECHERCHES SUR LA BIOLOGIE ET L' ECOLOGIE DU Dacus

8} Recherches sur la densgité de la population et 1a dispersion des adultes

Pour 1'application efficace de toute méthode auntocide il est
particulidrement important que, au moment ol les individus sfériles sont
1lichés ou pendant 1! application des chimiostérilisants en plein air, la
population naturelle se trouve & des niveaux aussi bag que possible,

En conséquence, outre la diminution de la population naturelle,
obtenue comme cn vient de le voir par application de méthodes chimiques
(substances attractives, insecticides), il ¥ a lieu de déterminer les
courbes de densité relative de la population et de fixer en conséquence
les dates auxquelles il convient le mieux de 1icher les individus stériles,

On voit 1'intér&t majeur que présente le choix et 1! application de méthodes
adéquates pour 1'évaluation de la densité relative de la population. C'est
pourquol il y a lieu de considérer } cet égard comme une borne 1' année 1953,
au cours de laquelle il & & établi par Kalopissis et al. que le mode classique
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d'é&valuation au moyen de pidges de la densité de la population de Dacus
aboutit & des résultats trompeurs, étant donné que le nombre de captures
dépend de 1'humidité relative du milieu [12], et plus spécialement de la
différence enire 1'humidité relative existant % chaque fois % 1'intérieur
des pikges et & 1' extérieur [26],

Cette précieuse observation a conduit par la suite % &valuer la densité
de la population au moyen d'une autre méthode, consisiant 4 appliquer des
pulvérisations de couverture {sondages) i 1'aide d'un ingecticide déterminé
et & compter par la suite le nombre d'adultes tombés en 48 h sur des
collecteurs en toile de 36 m?, &tendus sous les arbres,

Par ceite méthode il a été démontré qu'en Grice la population maximale
est d'habitude observée en avril-mai; une brusque diminution intervient
ensuite, pendant les mois secs et chauds de juillet-aofit, puis une remontée
rapide exponentielle jusqu'd fin novembre /mi-décembre, et finalement une
baisse congtante jusqu'en février [ 23, 32],

En ce qui concerne la distance de dispersion des adultes, qul présente
aussi un intérét notable pour 1! application de méthodes autocides dans la
lutte contre le Dacus, les recherches de Pélékassis [55] et les nétres [32]
ont montré qu'elle peut atteindre 2 & 4 kilom¥tres au moins.

Cependant, en ce qui concerne aussi bien la distance maximale de
dispersion des adultes que 1'é&valuation de la densité absolue de la
population (qui est particuli®drement importante pour le caleul du nombre
d'individus stériles % l8cher) des lacunes importantes subsistent encore,
qui exigent de nouvelles recherches,

b} Elevage de Dacus sur substrat artificiel

La possibilité d'un élevage continu de Dacus de 1'olive présente de
1'intérét non seulement pour la production d'insectes & stériliser, mais
encore parce qu'elle constitne 1'unique moyen de procéder % une
investigation approfondie de la biologie de 1'esptce et du mode d'action
des insecticides, des répulgifs, des attractifs et des chimiostérilisants,

Les premikres tentatives en vie de développer une méthode d'élevage
ont &té& d'une part celle de Sakantanis en 1953 sur substrat naturel [§1],
et d'autre part celle de Moore [19] sur substrat artificiel, Depuis lors,
notamment pendant la dernitre décennie, vu 1'importance de la question
pour une méthode autocide, les efforts se sont multipliés [5, 9, 16, 20, 36,
39, 48, 50, 62, 68,69, 71], de sorte que 1'é8levage de 1'espece sur substrat
artificiel est déji praticable sans discontinuité pendant une longue série
de générations®,

Néanmoins, malgré les progries incontestables ainsi réalisés en
matikre d'élevage de Dacus, la question ne peut Stre encore considérée
comme suffisamment &lucidée, d'une part parce que le problaéme de
1' antisepsie n'a pas encore regu de solution entidrement satisfaigante,
d'autre part i cauge de 1'instabilité des rendements, de la main-d' ceuvre
requise et en général du cofit de 1'opération,

* Nous avens réussi jusqu'ici (mai 1870) dans notre laboratoire 1'€levage de 21 générations de Dracus sur
substrat attificiel. Un nombre sncore plus £levE a &1 obtenu par Tzanakakis et les autres cherchenrs du
Centre Dernocritos.
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Pour tous ces motifs, il est essentiel, en vue de 1'application de
méthodes autocides dans la lutte contre le Dacus, de trouver des agents
chimiostérilisants toxiquement inoffengifs pour 1'homme et les animaux &
sang chaud, susceptibles d'étre appliqués A la population naturelle du
Dacus sans aucun recours i 1'élevage artificiel,

CONCLUSIONS

Des progres remarguables ont £t€ réalisés au cours des douze dernibres
années {1957-1969) dang différents secteurs de recherche se rattachant
directement ou indirectement % une lutte intégrée contre le Dacus oleme
(Gmelin) au moyen de méthodes chimiques et autocides,

Néanmoins, A 1'heure actuelle 1'application d'une méthode de lutte
intégrée ge heurte principalement & deux obstacles: en ce qui concernse
la stérilisation d'insectes d'élevage au moyen de radiations ou de
chimiostérilisants, il n'existe pas encore de méthode simple, peu cofiteuse
et facilement applicable 4! élevage sur substirat artificiel; et, pour ce qui
est de la stérilisation de populations naturelles an moyen de chimiostérili-
gants, il n'existe pas de subsiances chirmiques toxiquement incffensives
pour 1'homme pouvant 8tre appliguées facilement & ciel ouvert,

Les données exposées dans ce travail indiquent cependant que la
gsolution de ces deux aspects du probléme ne se fera pas trop attendre,
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DISCUSSION

M.E. TZANAKAKIS: Referring to the title of your paper, I would
ask you in what way you think that chemicals (by which I mean insecticides,
not chemosterilants) and autocidal dontrol could be integrated or combined
against Dacus oleae, for example by using insecticides before releasing
sterile flies?

P, S5, ORPHANIDIS: An autocidal campaign against Dacus oleae can
theoretically be implemented either by sterilization in the laboratory (using
irradiation or chemosterilants), followed by release of the sterile
individuals, or by sterilization of the wild population.

In the first case chemicals (insecticides or attractants) could be used
prior to the release of the sierile fiies. This use of chemicals, for the
purpose of reducing the densily of the wild population, would lead to a
conaiderable reduction in the scale of the rearing necessary and consequently
in the cost of the autocidal campaign,
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In the second case, i.e, gterilization of the wild populations by means
of chemosterilants, it would theoretically be possible to apply insecticides
or attractants not only prior to the use of chemosterilants, but also
simultaneously with the latter, as Lindgquist suggests,

Obviously this presupposes the existence of chemosterilants which are
completely safe for man and for warm-blooded animals, and such subsatances
have not so far been developed in practice.

K. KRIMBAS: I would like to suggest another way of combining
insecticide control with a sierile-male release programme, First, a
strain registant o a2 certain insecticide should be created by selection;
then a releage of sterile males of this particular strain can be combined
with sprays of the Insecticide in order at the same time to reduce the
size of the nafural population.

K.5., REAI: Mr, Orphanidis, could you =2ay a little more about the
chemical sterilants you have in mind that have no toxicity and that could
be uged in natural habitats? I should also like to ask whether you draw a
line between toxic chemicals and those that are non-toxic, but which are
nevertheless mutagenic, hempa for example.

P.5, ORPHANIDIS: As I have just pointed out — and as is stated in the
conclugions of my paper — there are for the time being no chemosterilants
which are safe and harmless to man and warm-hblooded animals and which
can be applied in the natural environment for the sterilization of the wild
population,

Nevertheless, research carried out in the last few years, mainly in
the United States, gives grounds for more optimism in this respect,
According {o Chang, for example, there are some organic compounds,
such as Hempa and Hemel, which have a molecular structure more or less
similar to that of tepa and tretamine and which do not possess alkylation
properties,

I may also refer to certain organic compounds of tin which have been
widely used for a long time as fungicides and which act on ingects either,
according tc Ascher, as antifeedants or, according to the results of work
by Kenaga and ourselves, as oviposition inhibiting agents,

We believe that a more systematic and detailed screening of various
pesticides from the point of view of their sterilizing properties could iead
1o a more rapid solufion to this preblem, which prevents the use of
chemosterilants in the field,

C. BORGHI: An 'integrated campaign' against insects could include
means other than insecticides and sterilization, possibly other physical
mesns, such as ultra-sonic methods. These are known to have a coagulating
effect on organic compounds and could perhaps contribute {0 control,
especially in open areas.

P, S5, ORPHANIDIS: I agree with Mr. Borghi that there are other
methods, such as biological and physical methods, which could be combined
with the autocidal approach,

In my paper, which relates exclusively to Dacus oleae, I only mention
the possibilities of an integrated campaign involving the combination of a
number of methods (sterilization by irradiation and by chemosterilants,
insecticides, agents involving positive or negative chemotropism) on which
experimental data are available,
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Abstract

GENETIG CONTROL OF THE EUROPEAN CHERRY FRUIT FLY, Rhagoletis cerasi L.: PROGRESS REPORT ON
REARING AND STERILIZATION,

Ehagolers cerasi L. is a pest insect of economic importance. Efforts o control 1t by using the.
sterile~insect release method are being made. An accounr Is given of egg collecting experimenes and of
the success achieved by using small black wax domes, Rearing tests with larvae have shown that production
under laboratory conditions is passible. 22.8 & 4, 8% pupae from 100 larvae could be abtained by feeding
with the best diet. This is a promising basis for further experiments, In irradiation experiments the fly
has shown a similar sensitivity to that of the Mediterranean fruit fly. The competitiveness of males
irradiated with 5 kR {5 significantly reduced, The egg preduction of fetnales irtadiated with 2 kR or more
is low and can be neglected,

The Furopean cherry fruit fly, Rhagoletis cerasi L., occurs in the
moderate climatic zones of Europe and of some parts of Asia, According
to unconfirmed reports this pest is also known in some places on the
North African coast.

ECONOMIC IMPORTANCE

The species attacks especially sweet cherries (Prunus avium), not so
much sour cherries {Prunus cerasus). It is therefore a real danger to
cherry production. Since Europe produces about 77% of the annual world
crop of cherries (1962 - 1966) the economic importance of this pest in
Furope is beyond any doubt [1,2]. Almost the entire cherry-producing
area belongs to the biotope of the cherry fruit fly,

The pest insect can be controlled by chemicals. Because of the widely
varying time of emergence of the flies the chemicals are the more effective
the longer lasting they are. On the other hand the time of application of the
insecticides and the time of harvesting are close together, so that the danger
of toxic residues on the fruit for the congumers is an important factor.

67
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For this reason some national regulations forbid the use of the most effective
chemicals. In other countries effective chemicals are not being sold because
they spoil the taste of the fruit,

The problem associated with the use of chemicals lead to demands for
a better method of controlling the Buropean cherry fruit fly, and the genetic
method is promising,

BIOLOGICAL ASPECTS

The cherry fruit fly is an oligophagous species which attacks among
other plants the honeysuckle (Lonicera sp.) [3.4]. Under laboratory
conditions the females also lay their eggs in other kinds of fruits that allow
a development to the larval stage even if the rate of mortality is high.
Under natursal conditions these fruits are not infested, owing to the
differences of time between the oviposition period of the fly and the ripening
time of these fruits,

In contrast to the polyvoltine species of tropical fruit flies Rhagoletis
cerasi has a diapause during the pupal stage. The diapause development
lasts about 6 months and is terminated at temperatures between 0 and 4°C,
However, the diapause affects the development of the various individuals of
a population with a different intensity. Thus, a diapause-free sirain of the
species might be selected for rearing purposes. On the other hand
Prokopy [8] has shown that the induction of the diapause in R. pomonella
(Walsh) can he prevented by observing adequate temperatures and photo-
periods. There is some hope that R. cerasi can be handied in the same
manner. However, the diapause — which is a handicap from the rearing
point of view —has the advantage that it enables one to stockpile pupae
before the fiying period.

In applying the sterile-insect technique the polygamy of the species is
important,

EXPERIMENTAL WORK

1. Egg production and processing method

R. cerasi exhibits a peculiar oviposition behaviour, Certain stimuli
must be present to trigger oviposition in the females: shape, size, surface
and consistency of the oviposition medium have been found tg be of crucial
importance[d - 7], If these requirements are not met the females start to
drop their eggs under increasing ovarian pressure. Like the clive fly,
Dacus oleae (Gmel.), the cherry fruit fly does not oviposit into existing
holes and lays in general only one egg into the cherries. A series of
experiments were performed fo investigate the best methods of producing
the highest number of eggs per female and collecting and processing the
eggs economically,

In one experiment the females had the alternative possibilities of either
dropping their eggs through the wire-screening of the cage, of ovipositing in
grape-berries or of laying their eggs in agar-balls (6% agar, 2 cm diam.)
wrapped in Parafilm, Another experiment made use of the artificial
oviposition device consisting of hollow wax domes, developed by Prokopy
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TABLE I. COMPARISON OF DIFFERENT KINDS OF EGG COLLECTION

No, of No, of
Experiment No, Kind of egg eggs per female Egg fertility laryae
collection (%) per
Absolute Relative female
1 Dropping 61,3 84,5 6.5+ L3 4.5
1 Agar-agar balls .1 a1 52.5 £16.8 1.4
1 Grapes 25 11.8 41,2 #1711 a5
1 Tatal T2.5 & 8.2 1040 - - 9.4
2 Wax domes 86,86 £11.2 - 85,7 £25.9 57.1

and Boller; the females push their ovipositors through the thin membrane
of a special wax (Ceresin 1577,/1) 0.2 mm thick, 10 mm diam,. and lay the
eggs inside the domes where they can be rinsed off, We refer the reader
to the relevant papers [6, 7] for specific data on the preparation and per-
formance of these egging devices.

The resulis of these experiments, given in Table I, show clearly that
egg fertility with wax domes is significantly higher compared to all gther
methods tested. Of special interest is the extremely low hatching rate of
eggs dropped by the females.

A new type of oviposition cage has been developed at the Wédenswil
laboratory [7] for mass-rearing purposes. Uniis of drum-shaped cages
{64 cm diam, ) containing 500 wax domes on a removable floor can be
stacked one on top of the other forming oviposition towers which rotate on
a vertical axle around light banks of sirong mercury vapour lamps. The
eggs are readily removed from the domes, without having to enter the
rearing cage, by first lowering the jointed axle to a horizontal position and
separating the cages and then flushing the inside of the domes with a water-
jet. The water carrying the eggs flows intc a funnel where the eggs are
filtered out.

2, Feeding the larvae

In all feeding experiments wild flies were used for egg production. Only
hatched larvae were transferred to the feeding substrates, Otherwise the
egg mortality increased greatly.

The feeding substrates were prepared by mixing the solid substances
and by dissolving the soluble ones in an adequate quantity of boiling tap
water, When they were cool, both solutions were poured together. Sihce
the geling properties of Gelgard change with the pH of the diet, half the
amount of Gelgard and citric acid was added first and mixed with the other
components and then the second half of both of themn. About 18 ~20 g medium
were normally provided per 100 larvae. The different feeding substrates
are shown on Table II.

{1} Deursche Exdol AG, Hamburg, Federal Republic of Germany
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TABLE II. COMPONENTS (% w / w) OF SOME FEEDING SUBSTRATES
FOR LARVAE OF THE CHERRY FI.Y AND THEIR REARING QUALITIES
Food component 1% 2% 3% 4* 5 ¥
Wheat germs 0 0 1 0 5.0
Wheat germ diet (2} 1.5 1.5 10.6 ¢ 9
Cellulose {b) 14,8 14.6 13.4 5.6 0
Paper pulp L} ] 5 0 20.0
Gelgard (€} 0 0 [ 0 1.2
Peat ] 1] 0 8.6 0
Pawdered camots 4,4 4,4 4.1 i] 0
Cherries powdered and
extracted by warer o 0 4.1 0 0
Brewer's yeast {or torula) 4.4 4.4 4.1 4,5 5.0
Sugat 4.4 4.4 o 4.5 5.0
Wesson's salt mixture (2) (0.:23¢8) (0, 92y(e}  (0.92)(e) 0 0.18
Vitamin diet fortification
mixture (8) 2.7 2.7 2.7 0,22 0

Cholinehloride 0.135, (@ (0,135 (@ (0.185 (@) (0. 185) () 0, 07
Choiesterol 0 0 ¢ 0 0.35
Ascorbic acld 0.7 (@ (0.7 (@ w.nd i@ 0.1
1-Aspartic acld o 0. 0027 a 1 ]
1-Glutamic acid Q 0, ops v} 0 [}

B = Carotene 0 0 0 0, 0034 0
Benzoic acid 0. 065 0, 055 1] 0 o
Propionie acid ] 0 0,217 0.42 0
Citrie acid ] 1] 0 ] 1.0
Mipagin M 6,11 0,11 0,102 0.28 0,12
Water 57.68 57, 68 61.13 &7, 80 62.0
Total 100 100 100 100 100
pH 4.7 4.7 4.7 4.9 4,0
Mean yield of pupae per 100 Iarvae

& standard deviation 6.5+£3.8 11,1 1,0 12,7+3.4 155+4,7 22,8+4,8
Minimum time (days) to reach 16,0450 161£0.3 15117 157428 127407
pupation # standard deviation (days)

Total aumber of ested larvae 1178 1094 1262 655 a3
Number of replications 11 g 12 T a

(3) Nytritional Blochemicals, Cleveland, Ohio, USA
tb) schieicher u, Schtll No,123, Fed. Rep. Germany

{¢) Dow Chemical Int, Co., Midland, USA

{d) Conrained {n vitamin diet forttfication mixture

(€) Conrained in wheat germ diet

*  Diets developed at Muafch {Hafsch)
= Diet developed at Wadenswil {Boller)

Wheat germs, cellulose, powdered carrots, paper pulp, peat, Gelgard
This does not exclude a

and water are considered carrier substances,
nutritive function also.
the food components in adequate measure,

Carrier substances have to provide the larvae with
The texture of the carrier

substances largely influences the food consumption of the larvae and hence
It is very difficult to prepare a feeding substrate with
a suitable texture, thatretains this texture for at least 3 weeks.

the developrnent.

The carrier
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substances in the subsirates 1 - 3 do not sufficiently fulfil this precondition:
Time and again some water had to be added to prevent the medium from
becoming dry and hard. In this respect Gelgard and peat are effective:
they hind a large amount of water and provide an adequate consistency.

The quality of the diets was judged by the speed of development of the
larvae and the yield of pupae. Under natural conditions the development
of the larvae up to pupation takes about 2 -~ 3 weeks,

The results of the rearing experiments are also shown in Table II. The
main energy source for the larvae was sugar. According to experiments
not described here, the development was prolonged by 4 or 5 days without
additional sugar. We speak of 'additional sugar® because yeast, wheat germs
and carrots also contain sugar.

The main protein source in all diets was yeast. According to previocus
experiences 4 to 8% yeast gave best resulis. Higher amounts of yeast were
detrimental to the growth of larvae. This held also true if a certain part
of this protein source is in the form of casein. Substrates 1 to 3 contained
3.2 or 3. 0% casein in wheat germ diet. [t can be assumed that this casein
is unnecessary because the substrates 4 and 5 do not contain casein. In
diet 2, l-aspartic and 1-glutamic acid were used in addition to the protein
amino acids because cherries contain relatively high amounts of these
aming acids. The £-configurations of these are of importance in the
carbohydrate metabolism. But it is guestionable whether an enrichment
of these amino acids in a substrate of a real adequate composition also
improves the yield of pupae as much as in the substrate 2 {or perhaps 3}
compared with diet 1. Diet 3 contained cherry powder residue and therefore
these compounds,

Knowledge about the mineral-salt requirements is still lacking.
Concerning substrate 4, it seems that the addition of Wesson's salt mixture
can be omitted. Also, the vitamins were added solely on the assumption
that they are necessary and not already contained to a sufficient extent
in the yeast, The same can be said of cholinchloride, cholesterol and
R-carotene,

As already stated, an adequate texture is essential, It enables the
larvae to make tunnels even in the earliest stage shortly after hatching,
tunnels which are not filled with capillary water, There is no difficulty
in obtaining such a consistency at the start of a feeding test, but after some
days water evaporates, the substrates become hard, and the food con-
sumption of the larvae decreases. This observation was made with
subgirates 1 to 3. Water was added repeatedly to prevent the diet from
becoming dry and too hard. Substances with a high water capacity, e. g.
agar-agar, are necessary for a permanently adequate texture., However,
this is too expensive for mass rearing, so we tried substitutes, In diets 4
and 5 the wheat germ diet, the carrots and the cellulose are missing;
finely sifted peat of Gelgard took over their function.

As important as the nutrients and bulking agents are the bacteriostats
and fungistats. The growth of bacferia can normally without any difficulty
be prevented by a pH-value below 4, 5 and fungl can be controlled by
parahydroxybenzcates, such as Nipagin M, However, it is difficult to
suppress wild yeasts, which especially oceur on sugar-containing diets
such as those described. Yeasts produce alechols, traces of which are
detrimental to the larvae. They alsc form a mucocus cover on the feeding
media in which the larvae die. Benzoic acid is ineffective against the
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cbserved yeasts. Since the bactericidal and fungicidal effect of benzoic acid
can be obtained by other means, and since this acid ig also toxie to larvae —
at least to a certain degree — it can be substituted to advantage by cther
substances. Propionic acid, in the concentrations shown in Table 11,
hampers the growth of yeasts but may also be toxic to the larvae, The
relatively high yield of larvae and the short development time with sub-
sirate 5 could be caused to a great extent by better and more suitable
preservation means (as compared, for example, with substrate 4) in
addition to a better texture,

3. Irradiation studies

At the Munich laboratery pupae were irradiated by gamma rays from
a caesium=-137 source (70 B/min) at the time when the first flies emerged.
Emergence continued for 11 days. 50% of the flies could be dgbserved after
the 4th day and 75% at the 6th day. Immediately after emergence the sexes
were separated. Every experimental unit held 50 pairs of flies, with one
sex having been irradiated. The egg collection (according to Prokopy's
method} was continued for the whole life span. The eggs could develop on
a wet filter paper or gauze at a temperature of 23°C.

The results of the irradiation of male pupae showed that a §-kR dose
caused an egg mortality of more than 95% and 8 kR of 99% (Fig. 1). The
fertility of the control was 67.3%, a relatively low value. It may be
advantageous to correct all figures to a hatching rate of 100% in order to
get a base for comparison with other figures. The correctied fertility rates
of eggs are then

Radiation dose (IcR): 0 2 4 6 8
% hatching: 100.0 19,4 9,0 597 1.7

It must be mentioned that at the fourth irradiation experiment a recovery
of the males was observed by a statistically significant increase of egg
hatching, It can be expressed by the partial regression between the
number of hatching larvae per day and the age of the egg-laying females with
the number of eggs laid as a constant variate. The calculation showed
that the daily increase of hatching larvae was 0,5 larvae if the average
number of hatching larvae is 100,

Under the experimental circumstances the egg production of irradiated
females was as shown in Table III.

The radiation of female pupae with more than 2 kR caused obviously
heavy damage to the ovaries, The egg production of females irradiated
with dosages of more than 2 kR can therefore be neglected., The fact
that the standard deviation is higher than the mean value indicates that the
means are increased by a few extremely high values, Here egg production
and even egg fertility are only rare cases. But because of the low egg
production the data on egg fertility are not very informative,

In the laboratory at Wédenswil experiments were carried out to test
the competitiveness of the irradiated males, There the dose rate of the
80Co gource was about 20 times as high as that of the source in Munich,
Every population of the experiment had 10 females and 10 ngrmal and
10 irradiated males, Irradiation doses of 0, 3, 5, 6 kR were chosen on
the basis of the resulis of preliminary experiments in the laboratory at
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FIG.1. Hatching rates of gggs after irradiation of the male parental pupae with increasing dosages of
gatnma rays. Control 67. 8 + 7, %%, {Average of 4 experiments).

TABLE III, EGG PRODUCTION OF IRRADIATED FEMALES

Radiation
2
dose (kR): 0 4 6 8
Epgs per female
0,05 £ 0, . . . N .
per day 3.1 1,57 05 £0.10 .06 £0.10 0.08 £ 0,10 0,068 + 0,10

Obszerved ferti~

L4+7.8 A A&, . . .2 .
ity of eggs (%) an T [ Ay 3.8 0.0 2.1 x4 0.0
Fertility of
agge () car-
rected to 100% 100,03+ 9.8 1,0+£4,. 6 2,0 3.1 +£5.1 0.0
of control

Munich. The irradiation times were 1-2, 3-4, 5=-6 and 7-8 days
before adult emergence. The eggs were collected many times,

The results {Tahie IV) showed that the irradiation time during the
pupa stage between 1 and 8 days did not significantly affect the results,
However, this cbservation does not confirm a lack of this effect, since the
number of irradiated males was only 50% of the iotal number of males.

But the dependence of the radiosensitivity on the development must
certainly be considered in a different way compared with, for example,
the Mediterranean fruit {ly, since the cherry fruit fly has a post-diapausal
development period of 21 - 26 days at 23°C, whereas the Mediterranean
fruit fly develops in only 8 - 10 days.

To facilitate comparisons with other figures the chserved figures were
corrected to a hatching rate of the control of 100%. For practical purposes
90% was used hecause thig figure may approach the natural situation,
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TABLE IV. HATCHING RATES OF EGGS FROM A POPULATION
CONSISTING OF NORMAL FEMALES AND MALES AND OF MALES
IRRADIATED WITH DIFFERENT DOSES AT VARIOUS PUPAL STAGES
{IRRADIATED MALES : NON-IRRADIATED MALES =1 : 1)

Control 83.4 + 1.1 (%)

Hatching rates (%)
Irra-

diation corrected * to
dosa Irradiation time in days before emerging ohserved 9% 100%
(KR} 1-2 i-4 3-6 T~8 1-8

3 a 63.5+1.5 61,0+2,0 81, 3%2.1 70.6 4.2 62,.6+£1,0 67.5 75,1
b 1542 1389 364 455 4350 4350 4350
¢ 3 3 2 1 - - -

4 a 50,2 £2,1 58,5 12.8 52.8+2,.0 52,1 +2.6 84, 0+£1.1 57.2 63. 5
b 1704 1087 598 1233 4632 4632 4633
c 2 3 2 2 - - -

5 a 56,8 +£1.4 0.7 & 1.8 50,6 x2.8 95.8 £ 3.4 53.5+1.8 57.7 641
] 914 1452 1174 158 4296 4298 4296
[ 3 3 3 2 - - -

a = % hatehing rate : deviation from the average. The deviation was calculated as deviation from the
regression of the number of hatching larvae on the number of eggs

b = number of tested epgs

¢ = number of replications

* = hatching rate of the eggs of the pa:tly irradiated population corrected to a hatching rate of the eggs
of the contro]l population

Because of the relatively high fertility remaining in males irradiated
with 3 kR, the fertility of the population was reduced from 100 to only
75. 1% by adding irradiated males. If the irradiation dose wae increased
to 4 and 5 kR the hatching rate of eggs of the total population fell to 63. 5%
and 64, 1%, respectively., The difference between these two figures is not
significant.

If the competitiveness of irradiated males were not reduced by the
irradiation the mean hatching rate would have to be 50%. Haisch [9] has
developed a formula which allows one to calculate a factor which indicates
the extent of the decreased vitality, It is 1.0 in the best casgq and can fall
to 0, 0. The formula, which is only correct for a single copulation, is:

e=-a-f
nf-p)
where e = competitiveness
q = hatching rate (%) of eggs of a normal population

p = hatching rate (%) of eggs of a population consisting of
normal females and irradiated males

f = hatching rate (%) of eggs of a population consisting of
normal pairs and irradiated males
number of irradiated males
number of normal males
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In the experiment at the irradiation dosage of 5 kR the following velues
were taken:

q = 90 (%)
p = result of graphical interpolation of the figures of Fig, 1

and correction to 90 {%) hatching of control eggs = 6.5 (%)
f = 57.7 (%) {Table 1V)

n=1
Thus competitiveness of the males was decreased by irradiation at 5 kR
from 1.0 to 0. 83. The formula also enables one to calculate the number
of irradiated males with which a normal population must be overwhelmed
in order to suppress the hatching rate of the eggs of the mixed population
to a certain level.

With the 5-kR irradiation and a desired fertility of 10% or 8%, n be-
comes 22, 9 or 48, 0 respectively, i, e, 23 or 48 irradlated males must be
put. to cne normal pair of flies to reach these results.

The practical application of this calculation requires the knowledge
of error possibilities, Combining the results of both cur laboratories,
using different irradiation seurces, we have to take into consideration the
different desage rates which can affect the results — already noted by
Rhode et al. [10] in irradiating Anastrepha ludens. However, there is
some doubt whether the variation of the resulis due to the different dose
rates and also due to the different relative biological effectiveness of the
€8Co and 1%7Cs sources is higher than the variation caused by unknown
factors within one experiment, as evidenced by Fig, 1.

A further point to be noted is that both sexes of R. cerasi mate many
times under laboratory conrdiiions. This does not have to be true in the
field but the fact could affect our findings. It can be agssumed that under
lahoratory conditions the normal and irradisted flies mix well together, but
in the fi€eld the flying activity of irradiated flies could be lowered by irra-
diation damage or for other reasons, Large cage tesis and small field
tesis are necessary to check this point. In further experimente the radiation
dose must be raised in order to decrease the remaining fertility of
irradiated flies,

When one considers how male competitiveness is already reduced by
5 kR, it scems doubtful whether the amount of fertility remaining in
irradiated males can be further reduced without encrmously lowering their
vitality. But for information on this point further research is necessary.
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DISCUSSION

M. FRIED: The error term in Table IV seems very low. Is this the
95% significance level or does it represent something else?

A, HAISCH: The figures are deviations from means, The relation
between the standard deviation and a confidence interval of, for instance,
a 5% error probability is determined by the 't' value of that error
probability and the degrees of freedom concerned.
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Abstraci

STERILE-INSECT RELEASE METHOD AGAINST Rhagoletls cerasi L.: PREPARATORY ECOLOGICAL AND
BEHAVIOURAL STUDIES.

Investigations concerning ecology and behaviour have been carried out and are still in progress in
order to provide the necessary background information for a successful application of the sterfle~insectrelease
method, A long-term guantitative study of the population dynamics has been initiated. This work sheuld
facilitate the combination of the method with other means of conirel such as biotic mortality agents and
trapping systems.

A study of colour-vision and reacticn to various shapes of R. cerasi has led to the development of
an effective visual throw-away trap that permits dispersion studies and experiments aiming at a strong
reduction of the pest population. This fluorescent sticky-board is now in use in Switzerland, West
Germany, Austria and the CSSR against R, cerasi and in [taly against Dacus oleae. Olfactory response
investigations have been started with a new olfactometer o order to combine visual and chemical stimuli
to an optimal trapping system,

Releases of marked flies and thejr recapture with the visual trap revealed a rather small cruising range
of the flies {average 200 m, observed maximum 500 m) which is greatly influenced by the density of the
frult trees. Furthermore it was discovered that the orientation of the flies is mainly governed by the shape
of the trees and not a hiest-specific odour. In consequence, as many flies could be recaptured on appie
as on chermy trees, These findings suggest the combination of a grid system for release and a ' strategic
release’ in order to account for a heterogeneous distribution of the pest population within the release area,

The infleenee of irradiation and marking procedures on the flight capacity of R. cerasi is being
studied by means of a ' flight mill' consisting of 10 low-friction rators and a chart=recorder,

The field experiments have been carried ont in isolated areas that have been selected as future sites
for the first field experiments with the sterile-Insect release method.

1, INTRODUCTION

The preceding paper in these Proceedings, by Haisch and Boller,
covering some recent developmentis in the genetic control of the European
cherry fruit fly, Rhagoletis cerasi L., dealt in general with the insect in

i
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the laboratory. The present paper concerns the problems arising once

the ingect has left the laboratory and has been released in the field,
Investigators in Central Europe working actively on the cherry fruit

fly problem have recognized that a sound knowledge of the ecology and

the behaviour of the target species is of prime importance for a successful

application of the sterile-insert release method (1], Studies of the

poptlation dynamice of the pest were started in Switzerland in 1982 and

in the CSSR in 1967 to find new solutions for the control of this pest and

to combine suitable methods — such as genetic control, trapping systems,

release of specific parasites, ete. — for a most efficient contrel program.

This paper deals, however, only with those aspects of research in progress

that have a direct bearing on the application of the sterile-insect release

method.

2, PROBLEMS CONNECTED WITH THE RELEASE OF STERILE FLIES
AND MONITORING THE ADULT POPULATIONS IN THE FIELD
Emphasis in our current investigations is put on the flight behaviour

of the fly, its cruising range, its orientation toward the host-tree and the

problems of marking and recapturing the flies in the field.

2.1. Trapping systems

Two basie stimuli are of special interest in the development of an
efficient trapping system: visual and chemical stimuli that trigger certain
responses in the cherry fruit flies seeking food gources, Up to 1968 only
chemical siimuli such as food lures had been used — with doubtful success —
to cateh the adulis in the field, and this situation greatly hampered dispersal
and flight studies in the past. The lack of efficient attractants has been
an incentive for investigations on olfactory response that started in 1869
at the Wadenswlil laboratory, In the framework of an IBP-project
{Internaticnal Biclogical Program) on attractants for cherry fruit fly and
alive fly we have developed a new oMactometer that meets the special
requirements of our species, As we are still studying the fundamentals of
the attracting principles in feed baits we decided to study at the same time
the possibilities of exploiting visual stimnli 1o satisfy our immediate needs,

2.1,1, 3tudies concerning colour-vision of Rhagoletis cerasi

Stimulated by Prokopy's investigations on the apple maggdt,
R. pomonella [ 2], and his preliminary experiments with R. cerasi (3]
in Poland, advantage was taken of his presence at the Wadenswil fruit fly
laboratory to start colour experiments in 1969. We refer to a paper in
preparation [ 4] for the details and summarize our investigations as
follows,

On the basis of Prokopy's work we chose the purest yellow high-gloss
paint we could find on the local market (Chromgelb 207)! ag standard calour
and mixed it with increasing amounts of red, klue, black and white paint,

! SAX-Farben, Urdorf/Switzerland,
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TARLE I, INFLUENCE OF COLOUR ON TRAP EFFICIENCY
All visual traps 15 m X 20 m, coated with Bird Tanglefoot; relative
figures

Colour index of atfractiveness

High-ploss paint

Yellow f{standard) 12 10 10 10
Blue Red Blachk White
Yellow + 0, 5% 6.7 6.4 1.8 14
Yellow + 1. 5% 3.7 6.0 3.8 10
Yellow + 5. Mo 2.8 3.0 2.3 10
Yellow + 15% 0.7 0.7 0.4 8
Yellow + dih 0.2 0.2 0.2 &

Fluorescent paint

Day-Glo
Saturn Yellow 168.7
Signal Green 6.1
Horizon Blue 0.8
Fire Orange 0.4
Alumininm foil 0
Methail traps
Standard (4% NHHCO,) 0.2
Palnted yellow L1
Yellow + Bird Tanglefoot 5.2

Mascnite boards (15 cm X 20 em X 0,5 em) were painted with the varicus
mixtures, then coated with a thin layer of Bird Tanglefoot2 and hung in
untreated cherry trees. The traps Were replicated 5 times and tested
in two different orchards., The results of this experiment are given in
Table 1.

It is evident that pure yellow attracts significantly more flies than any
mixture with sther colours except white. Even small additions of 0. 5%
of red, blue or black to yellow decrease the atiractiveness of the traps to
a considerable extent. Addition of white up to 5% had no significant
effect but started to dilute the yellow colour too much at higher concentrations.
Of speciel interest is the effect of fluorescent colours, The attractiveness
of standard yellow could be increased by more than 80% by using day~light

¢ The Tanglefoot Company, 314 Straight Ave,, Grand Rapids, Michigan 49502, USA.
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flucrescent yellows (such as Day-Glo Saturn Yellow)® which increases the
intensity of yellow by transforming light of short wave-lengths (u. v.} into
light in the visible part of the specirum, The results achieved with
fluorescent orange, blue and green show clearly that it is not the
flucrescence itself that iz responsible for the efficiency of the trap nor the
amount of sunlight reflected (highest reflection on white surfaces or
mijrrors) but the yellow colour. The fluocrescent yellow board is ahout

80 times as attractive as the standard McPhail trap with a 4% solution of
ammonium carbonate, Yellow beoards have also given excellent results

in Italy with Dacusg cleae [5].

2.1.2, Various shapes of traps and their influence on catch

After yellow was found to attract most flies we proceeded to fest

various shapes of traps painted with standard yellow (Chromgelb 207}).
The experiments included spheres, cubes, cylinders, crossed boards
and simple boards with diameters of 20 ¢m, Statistical analysis of the
results showed no significant difference between the caiches from each
shape except from the cylindere, which showed & noticeably lower

attractiveness.

Although the differences were not significant - probably because of the
small numbers of replicates in the field - three-dimensional traps like
spheres, cubes and crossed boards caught more flies than the two-
dimensional boards (spheres average of 80,2 flies; crossed boards 71.8;
cubes 66,8 against 43,0 on boards). No explanation is available for
the poer performance of the cylinders (38.2). On spheres, cubes and
io some extent on cylinders we could observe flies only on the lower half
of the traps; this leads to the speculation that Trypetid species might
show a eimilar organization of their eyes with regard to colour vision as,
for example, some homoptera [6], Another interesting observation
concerned a significant increase of the attractiveness of McPhail traps
when they were painted yellow. However, high catches were only achieved
when the traps were ceoated with Bird Tanglefoot, This is an indication
that flies land on the yellow traps attracted mainly by the visual component
of the mixed visual and clfactory stimuli and apparently de noi find the
entrance to the traps very easily,

2.1.3, Development and application of an efficient disposable trap

Once the important features of an efficient visual cherry fruit fly
irap had been recognized a cheap disposable trap was developed for mass-
application in the field. For practical reasons white cardboards,

15 em X 20 cm and 1 mm thick, were chosen as raw material rather than
three-dimenesiconal cbjectis. The cardboards were sprayed with yellow
fluorescent paint,? perforated with two holes, dipped for one second into
hot liguefied Bird Tanglefoot and finally sandwiched between two plastic
foils for transportation. A total of 4000 traps were produced in 1870
within a short time and applied in the field for dispersion studies, for

¥ Day-Glo Color Division, Switzer Bros,, 4732 §t. Clalr Ave., Cleveland, Chio 44103, USA,
distributed in Switzerland by G. Labitzke Farbenfabrik, 8048 Ziirich,
4 Yellow Day-Glo 25844-498; &, Labitzke Farbenfabrik, 8048 Zirich, Switzerland.



{AEA-SM-138/58 81

measuring relative pepulation densities in future release areas, and

for direet control purposes in one of the three pilot communities, This
latter experiment was carried out after we had made the rather unexpected
observation that a Iocal cherry fruit fly population was almost eliminated
within a few days when visual traps were hung in each tree of a small
cherry orchard. All trees of one zone of the community Hersherg (near
Basgel} that showed chronically a high infestation by the cherry fruit fly
were supplied with traps at the beginning of the flight period, Up to

215 flies per iree were caught within a few days and were eliminated
before ovipesition took place. The average infestation of the crop could
be reduced to 3,6% in the treated area compared with damages of 30 - 35%
in nearby communities,

This new trap might be used in the future for reducing without
insectiecldal treatments the wild populations before the application of the
sterile-insect release method; for the establishment of buffer-zanes where
natural barriers do not provide complete isolation; and for monitoring
the development of wild and sterile fly populations during an eradication
campaign. Investigations in progress aim at creating an even more
efficient trapping system by combining visual and olfactory stimuli.

2,2. Marking techniques

One important aspect of a release program is the proper marking of
released sterile insects. The requirements depend largely on the stage
of the insect to be released., So far we have used the adult stage for
dispersion studies but our present knowledge of the biology and behaviour
of the flies poinis to the need to release the cherry fruit fly in the pupal
stage and have the flies emerge in the field,

2.2.1, Methods used for marking adult flies

In the experimenis earried out in 196% we used exclusively fluorescent
powders® to mark and to identify the. recaptured flies, Pupae were placed
in dishes and covered with a 2-cm layer of fine sand mixed with 0.5% of
the respective marking powder [11], Higher concentrations increased the
mortality of the flies. At lower concentrations the proper tagging was
not achieved. The flies emerged and crawled through the sand, picking
up fluorescent powder with the protruded ptilinum. After a few days no
marking substance could be detected on the body surface but the retracted
ptilinom was very well marked. However, the examination of several
thousand flies under the binocular and u.v, -lamp was very time-consuming,
and mistakes could not be excluded because many flies became contaminated
with the flucrescent paint when scratched from the sticky boards. So two
of the present authors (Boller and Haisch) started to use the neutron-
activation technique in 1970, Newly emerged flies were held for 2 - 3 days
in the laboratory and were fed an agueous sclution of 20% sugar and
0. 2% dysprosium chloride or europium chleride, Boller in his own
experiment combined fluorescent powders with the rare-earth methed in
order tc compare the reliability of the two approaches, The material

% Day~Glo Color Division, Switzer Bros,, 4732 5t, Clair Ave., Cleveland, Chig 44103, USA.
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from the dispersion experiment was processed by Haisch after the flies

at Wadenswil had been examined for fluorescent markers, Both methods
gave similar results, but in a few cases radioactive flies were observed
which had not been detected before by means of flucrescence and vice versa.
In conclusion we might say that the neutron-activation technique looks

more promising when speed and automation of processging is concerned.

2.2,2, New requiremenis

The neutrsn-activation method as applied so far has the disadvantage
that flies must be held in the laboratory for the marking process. Although
we have not yet obtained complete knowledge of the behavioural changes of
R. cerasi during the various time intervals of the adult stage, there are
indications that the first few days after emergence are of crucial importance
for the dispersion and the mating process in the field, The release of
adult flies does not only mean additional costs for holding cages and food,
but carries also the risk of wing damage during transportation and the
digsadvantage that the flies may be unable to adapt within a very short time
to harsh field conditions. It might therefore be desirable to release the
insects in the pupal stage, which calls for other marking methods.
Investigations in progress are dealing with the possibility of incorporating
dysprosium into pupae by soaking them in a dysprosium solution at various
stages of diapause development, If pupae can be marked with rare earths
there is no need for the hazardous and sometimes unreliable application
of radioactive tracers, As for the application of fluorescent powders,
it seems appropriate to study their potential negative side-effects on the
flight performance of the flies in greater detail.

2.3, Influence of irradiation and marking methods on flight performance

Studies on the flight behaviour of irradiated and marked flies, started
in June 1970, have yielded preliminary results only. The fests were
conducted in the laboratory with a newly developed device {'flight mill?}
that consists of 10 low-friction rotors driven by individual flies suspended
at the thorax. One rotation of the rotor equals a flight distance of 1.0 m.
Rotations are recorded automatically for all 10 rotors simultaneously by
a 10-channel chart-recorder and 10 mechanical counters, For details we
refer to the paper in preparation [7]. Although the present data are not
sufficient to justify a final conclusion we have observed that flies irradiated
with 4000, 6000 and 8000 R show the same flight characteristics as un-
treated fHes {total flight distance, flight speed, flight pattern). A total of
54 males flew an average of 2444 m and 54 females 3279 m during an ex-
perimental period of 6 hours. Wheresas the males in the experiment were
exhausted after & hours, the females had not yet reached exhaustion and
will therefore have a much higher flight capacity than indicated by the
figures above, Siatistlcal analysis of the flight daia showed no significant
differences between the effects from the different doses. It is remarkable
that the longest flight distance of 8760 m was achieved by a male irradiated
with the highest dose of 8000 R.

However, a small experiment with only 10 males marked with a red
fluorescent powder showed only an average flight distance of 474 m or
19.5% of the unmarked males. Their flight pattern was distinctly different
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FIG.1. Map of relative population densities of R, cerasi at Nuglar, 1970,

from the normal and demonstrates a fast increasing fatigue during the
individual flights. It was interesting to observe that none of the 500 released
red flies could be recaptured in the field whereas 4.5% of the yellow flies
could be recovered, S8ince the red powder does not belong to the Day-Glo
series generally used in our experiments and flies marked with yellow
Day-Glo powder were not included in that test it is too early to make a
general statement about the negative effects of fluorescent dusis as marking
agents,

Summarizing these flight experiments we can say that irradiation of
pupae up to 8000 R probably deoes not interfere with the flight behaviour of
the flies although we observed a certain decrease in the mating frequency
of flies irradiated with the highest dose of 8000 R, The possibility of
negative side-effects influencing sericusly the flight performance must
be taken into account when fluorescent dyes as markers are considered,

2.4, Digpersion studles and density maps

Two dispersion studies were carried out in 1969 and 1970 in the
community of Nuglar near Basel. TRis area is about 1300 m long and
500 m wide, contains 867 cherry trees, 32 apple trees and is completely
surrounded and isolated by forest.

A total of 6000 marked flies were released in 1969 from a central
releasing point and recovered by traps in concentric circles with radii
increased by 100 m.

In 1870, 500 yellow and 500 red flies were released on the two opposite
pheripheries of the area in order to study the barrier effect of the forest
and the influence of wind directions, Nine trap lines — 100 m apart — with
an equal trap density of 7 were esfablished between the two release
lines and served at the same time as a grid system for mapping the relative
abundance of the wild population in the area (Fig.1), Meteorclogical
factors (temperature, wind direction and wind speed, hours of sunshine,
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TABLE II. DISPERSION STUDIES 1§69/1970 (R, cerasi L.)

Place: Nuglar/Switzerland

Releage: From central point (1969) From periphery (1970}

Mo. of flies released 5958 529 Yellow (East)
537 Red (West)

No. of traps 262 1
Equal trap density No Tes
Na. of flies recaptured 1124 24 Yellow 0 Red
Percentage of flies recaptured 18.9 4.5 ]
Distances covered Average number of flies per trap
30 m 12,3 (0-100 m) 1.57

130 m 1,00

150 m 1.55 {101-199 m)

200 m 0,173 0,57

300 m .21 0,28

400 m 0,35 e.0

500 m .11 0.0

800 - 1000 m 0.9 0.0

relative humnidity and precipitation) were measured with a suitably equipped
weather station in the centre of the experimental site. The results of
the two dispersion studies are given in Table 11,

The findings, confirming earlier reports about flight disfances covered
by the cherry fruit fly [8-10], indicate that most flies do not leave the
100-m perimeter around their place of origin as long as enough suitable
host trees are available. Under these circumstances very few flies extend
their eruising rangeé upto 400 and 500 m, Despite the fact that cherryfruit
fljes might have an intrinsic flight capacity of more than 3000 m
per day (as shown in the flight mill experiments), they usually fly short
distances from iree o tree rather than long distances in non-stop flights,
However, longer distances can be flown if cherry trees are separaied by
open fields but this seems to be the exception rather than the rule, In
this regard it is interesting to see that the two flies recovered in 1869
at a distance of 500 m had to fly across two open fields with no opportunity
to land in between,
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2,5, Orientation toward host trees

The experiment carried out In 1969 reveals some other inieresting
aspects of the behaviour of the cherry fruit fly. Traps were hung not only
in cherry trees but also in apple trees and in bushes along the margin of
the foregt, To our surprise we caught throughout the entire period of
6 weeks equal numbers of cherry fruit flies on apple and cherry irees,
However, the pertion of mature females increased faster on cherry trees
than on apple trees salthough females with fully developed ovaries continued
flying toward apple trees, No flies were ever caught on traps near the
forest (beech; Fagus silvatica L..}. This seems to abolish the earlier
speculations that R. cerasi finds its host tree by means of a host-specific
odour. We are inclined fo believe that R. cerasi flies to any deciduous
tree which has a similar silhouette to the cherry tree and often prefers
the larger silhouettes, The orientation therefore seems to be rather
vigsual than olfactory, leading the fly alse to apple trees which are much
richer in food sources than cherry trees. Flying to and fro the female
gsooner or later meets a suitable host tree with cherries in the opiimal
stage of ripeness for oviposition. Once arrived on the cherry tree there
seems to be no accumulation of flies, The females, especially, fly again
to apple and other deciduous trees in search of rich food sources. The
behaviour of the male on the other hand is not yet fully understoad.
Observations in the laboratory and in the field indicate that males meet the
opposite sex near or on the cherries., If this hypothesis holds true more
males should be caught on cherry than on apple trees, This tendency could
be observed in 1969 but needs further study.

3. CONCLUSIONS FOR FUTURE RELEASES

These results lead us to conclude that sterile cherry fruit flies should
not be released from one central releasing point but dispersed over the
entire area. A grid system for release with 50-m intervals should be
consgidered for a satisfactory distribution. The quantity to be released
depends on the density of the wild population in the respective grid (density
maps), Optimal adaptation of the released material to field conditions
can probably be achieved through releases in the pupal stage just before
the emergence of the flies. Native populations can be reduced by heavy
trapping in the previous year and podential channels of reinfestation (roads,
open fields) can be surveyed and possibly blocked with visual traps.
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DISCUSSION

L. MELLADO: The flight experiments show that the flies have a
considerable flying capacity, whereas results of field experiments show
that the flying range of the species is rather limited. Could you please
comment on this fact?

E. BOLLER: We do not carry out our flight studies in the laboratory
with the intention of extrapcolating the resulis to field conditions. In
the laboratory we compare the relative flight capacities of normal and
of trealed flies, However, the evident difference between flights by
Rhagoletis cerasi of up to8km in the laboratory and the observed
maximum cruising range of 500 m in the field can be explained by the
limiting influence of high tree densities on dispersal.
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Abstract

GAMMA STERILIZATION OF THE MEDITERRANEAN FRUIT FLY.

The sterility of male C. capitata itradiated in the pupal stage two days before emergence with gamma
doses of 1 - 13 krad was investigated. When plotted in arithmetic units the relationship between sterility
{expressed as harch of eggs from crosses of imadiated males and untreated females) and gamma dose is
curvilinear, However, if gamma dose is plotted n logarithmic units and percent egg hatch in termms of the
angular transformation, a linear relationship is obtained. At 11 krad male sterility was better than 99%.
When males were frradiated 1, 2 or 3 days before emergence, the degree of sterility decreased but the
competitiveness of the males increased as the time between iradiarion and adult emergence decreased. No
evidence of recovery of fertility in males irradiated with 5, T or 3 krad was found up to 28 days after
{rradiation, Females were more radiosensitive than males and 3 krad produced infecundity. The fecondity
of untreated females was unaffected by matings with imadiated males.

INTRODUCTION

Gamma sterilization of the Mediterranean fruit fly, Ceratitis capitata
(Wiedemann}, has been studied in a number of laboratories (reviewed by
Hooper [1]). In addition, field experimenis to test the applicability of the
sterile-insect release method for the control or eradication of C. capitata
have been carried out in Hawaili, Tenerife, Spain, Nicaragua and Ttaly
[2-7].

To previde infermation to support field experiments in Nicaragua and
Italy in which the Joint FAQ/IAR A Division of Atomic Energy in Food and
Agriculture was co-operating, a program was started in 1868 at the
Seibersdorf Laboratory to establish the optimal sterilizing dose for the
Seibersdorf strain of C. capitata and to evaluate the effect of dosage on
sexual competitiveness, This paper is the first of a series which will
report the work carried out in the past 13 months and deals with the basic
aspects of gamma-induced sterility.

MATERIALS AND METHOQDS -

Larvae were reared on a diet based on wheat bran and yeast developed
by Nadel [20] at 25 £ 2°C and 80 £ 5% r.h. Pupae and the test adults were
maintained at 25 * 1°C and 60 + 5% r. h,

Irradiations were carried out in a 6%Co Gammacell, the dose rate of
which decreased from 9. 2 to 7. 8 krad/min during the period of study.
Pupae were irradiated in 120 ml polystyrene containers and the variance
in dose received by the pupae was £ 5%,

Except where specifically stated, only flies which emerged 2 days
{actually 40 - 48 hours) after irradiation were used, i, e, the flies had been
irradiated 2 days before adult eclosion., The flies were sexed {within

87
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FIG.1. Effect of increasing gamma dose given to male C. capitata on the hatch of eggs from the mating of
these males with untreated fernales,

10 hours of emergence) and manipulated without anaesthesia by catching
them in small glass vials., Unless otherwise stated, 25 males and 25
females were confined in 14 cm X 11 cm X 11 em clear plastic cages
designed by D.J. Nadel of this laboratory. The flies had access to water
and 1:3 mixture of yeast hydrolysate and sugar. The front of the plastic
cage was replaced by Terylene material (12 mesh per em) through which
the females oviposited, and the eggs fell to, and were collected on, moigt
black filter paper. Samples of approximately 150 eggs were taken 3 times
per week over a 3-week period, The eggs were kept on moist filter paper
in a Petri dish and after 5 days at 256°C the hatch was recorded.

To measure day-to-day variation, normally 5 replicates of each
ireatment were established, one per day. After angular transformatien
of the percent egg hatch data an analysis of variance was carried out and
differences bétween means were evaluated by Duncan's multiple range test,

The degree of sterility induced in males was estimated from the hatch
of eggs from matings of irradiated males and untreated females. Similarly,
the effect of irradiation on females was studied by mating irradiated females
with untreated males,

RESULTS

The relationship between gamma dose and male sterility (expressed
as percent egg hatch adjusted for control hatch) found in two experiments
is shown in Fig.1l. While a dose of 7 krad reduces egg hatch to 4,5%, a
further 4-krad increment to a dose of 11 krad is required to lower egg
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FIG.2. The linear telationship which results when the data of Fig. 1 are plotted in transformed units.
For each ling the tegression equation and the correlation coefficient {1} are shown,

hatch below 1%. Since the relationship between dose and male sterility is
curvilinear when plotted in arithmetic units it is often difficult to compare
resulis from different laboratories. However, if gamma dose is plotted
in logarithmijc units and percent egg hatch in terms of the angular trans-
formation, a very good linear relationship is obtained (Fig.2). While the
regression lines for the two experiments (which were carried out several
months apart) are not superimpesed, the slopes of the lines are not
significantly (P = 0. 05) different. The data plotted in Figs 1 and 2 are
mean egg hatch over a 3-week pericd. However, it should be noted that
the egg hatch in the first week is appreciably higher than in the following
2 weeks (Table I). This phenomenon has been encountered repeatedly.

It had also been noted that the egg hatch of untreated females mated
with unireated males decreased with time. An attempt was made to
determine whether this decrease in egg viability was atiributable to the
male or the female. The experimental procedures and results are shown
in Table II. Comparison of treatments A and B shows that after 21 days
the egg hatch declined {20. 2% to 80.5%). When 21 -day-old previously mated
females were mated with young, virgin males the egg hatch did not
increase (freatment D). However, when 21-day-old previously mated
males were mated with young, virgin females (ireastment E), egg hatch
was high (21. 2%) and comparable with that of treatments A and €. Thus
the data indicate that the decline in egg viability with time is attributable
to the fermale and not the male. When the results of {reatments F and G
are compared with those of treatments A and B it is clear thai femnales
require the presence of males for longer than 5 days to ensure a high
degree of egg viahility for more than 21 days.
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TABLE I. PERCENT EGG HATCH, CORRECTED FOR CONTROL HATCH.
IN SUCCESSIVE WEEKS OF MATINGS BETWEEN UNTREATED FEMALES
AND GAMMA-IRRADIATED MALES OF C, capitata

(g:::) ) Corrected % e.gg2 hatch in week . Sweek mean
3 41. 6 1.6 18.1 26.0
5 18,0 10,4 1.8 12,5
T 5.7 3.8 3.2 4.3
9 2.1 1.8 1.9 2.1
11 1.1 0.8 0.6 0.8

TABLE II. PROCEDURES AND RESULTS OF AN EXPERIMENT TO
DETERMINE WHICH SEX OF C. capitata IS RESPONSIBLE FOR THE
DECLINE OF EGG HATCH WITH TIME

Mating procedure & Mean % egg hatch

A, Newly emerged d'and ¥ mated. Egg haich ower
first 21 days (6 replicates). 90,2

B. Surviving & and § of A after 21 days recombined.
Egg hateh over next 16 days (4 replicares), 80.5

C. Newly emerged o and ¥ mated. Egg hatch
over first 21 days (6 replicates), 89.4

D. The 21-day-old ? from C mated with young,
virgin ¢", Egg hatch over next 16 days
{4 replicates), 7. 8

E. The 21-day-old o’ from C mated with young,
wirgin 2 . Egg harch over next 16 days
(4 replicates). 91,2

F. MNewly emerged o and @ mated, After 5 days
d'removed, Egg hatch over first 21 days
(4 replicares), .3

G. The 21-day-old ¥ from F maintained, Egg haich
over next 16 days (3 replicates). 9.7

Each replicate consisted of 25 males and 25 females,

The main effect of gamma irradiation of females is infecundity., In an
experiment employing only 2 replications females given 1 krad produced
& normal number of eggs with normal egg hatch, At 3 krad and above no
eggs were produced, However, ihis is not fo say that females receiving
more than 3 krad will never produce eggs; in other experiments a few
eggs, which invariably did not hatch, have been produced by females which
had received gamma doses as high as 7.5 - 13. 0 krad.
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TABLE III. FECUNDITY OF UNTREATED FEMALRE C. capitata
MATED WITH GAMMA-IRRADIATED MALES

(2:::) Week 1 Hiean ro- i\rgif;mm/daya Week 8 Overall mean
0 14, 50 a1, 89 27, 89 94,76
7.5 18,11 28, 08 27. 83 24, 99
9.0 20,47 82.74 29. 95 27. 72

10.9 20, 43 a1.21 2121 26,24

12,0 11.93 24. 62 29, 82 21.96

& Means are based on 3 replicates per treatment and from an experimental perfod of 21 days,

TABLE IV, STERILITY AND COMPETITIVENESS OF MALE
€. capifata JRRADIATED 1, 2 AND 3 DAYS BEFORE ADULT EMERGENCE

Corrected % egg hatch from males
Dase Cage population A frradiated at indicated days before
{krad) Ig: ud: uf ermergence B
1 2 3
5 26 : 0 : 25 14.0a 12,74 8.4b
7 25 + 0 . 25 6.7a 1.6a 5.3b
a 25 ; 0 . 25 5.9a 3,1ab 2,3b
8 18 : 16 : 18 66.4a 78.1b B3.1b

A = jrradiated; U = untreated,

B Means characterized by the same letter are not significantly different at the 5% level of
probability. Comparizor of means must be thade only within each treatment,

The fecundity of untreated females mated with irradiated males was
recorded over a 3-week pericd, The total number of eggs produced per
day was adjusted for the number of females alive on that day and the data
{Table III) clearly show that the fecundity of females was unaffected by the
fertility of the males to which they were mated,

Table IV records the sterility iflduced in males given 5, 7 or 9-krad
gamma radiation 24, 48 or 72 hours before emergence, i.e. when the
males were -1, -2 or -3 days old respectively, A two-way analysis of
variance showed that both gamma dose and age of male at time of irradiation
significantly affected sterility, As the time between irradiation and adult
emergence increased, the degree of sterility was higher., At no dose,
however, did the sterility of males irradiated when -1 or -2 days old differ
significantly, but at 5 and 7 krad males treated when -3 days old were
significantly more sterile than males treated later in the pupal stage,

Since gamma irradiation affects sexual competitiveness as well as
fertility of males, the competitiveness of males given 9 krad 1, 2 or 3 days
before emergence was assessed by a 1:1:1 ratic experiment (18 irradiated
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TABLE V. PROCEDURES AND RESULTS OF AN EXPERIMENT TO
ASSESS THE PERMANENCE OF STERILITY IN MALE C. capitata
IRRADIATED WITH 5, 7 or 9 krad.

Mean % egg hatch? from crosses of
untreated females and males frradiated
with
0 krad 5 krad 7 krad 2 krad

Mating regime?

A, Newly emerged males mated; after
5 days the of were withdrawn, 94,0 16.2 2.3 3.6

B. The males from A were held in absence
of § for 7 days and then mated with
young, virgin ? . After 5 days the o
were withdrawn, M. 8 1.8 1.6 0.¢

C. 12-day-~old virgin ¢’ were mated with
young, virgin €, Afier 5 days the
were withdrawn, 93,9 4.8 2,9 10

% In Regime A there wete 10 replicates in order to ensure sufficient males for Regime B, In Regimes B
and C there were 5 replicates. Each replicate consisted of 256 males and 25 females.

b The mean egg batch data are based on € egg samples taken over a 14=day peried.

males:16 untireated males:18 unireated fermales)., When the appropriate
level of male sterility is considered, the egg hatch expected if the irradiated
males weére fully competitive would he 51.9, 51.6 or 51, 2% for males
treated 1, 2 or 3 days before emergence respectively. Thus the data

(Table IV) show that treatment with 8 krad decreases the competitiveness

of the males, Whilst there was no significant difference in the competitive-
ness of males treated 2 days and 3 days before emergence, these males
were significantly less competitive than males treated 1 day before
emergence,

Although we have never encountered any evidence of recovery of
fertility in irradiated males, a formal experiment was established to
elucidate this point (Table V). The egg hatch of females mated with males
which previously had been with females for 5 days and then kept isolated
for 7 days (Regime B) was lower than the egg hatch of females to which
these males had been mated first (Regime A). At the end of the experiment
the males were 26 days old and even at the last egg assay, ‘a low hatch was
recorded. When males were kept virgin for 12 days and then mated to
young, virgin females {(Regime C} the egg hatch was again low, Thus there
was ne indication of recovery of fertility in males treated with 5, 7 or 9
krad for at least 26 days.

DISCUSSION

it has been established [8] that a more sexually competitive fly is
obtained the closer the gamma irradiation ig given to adult emergence.
However, males emerging 2 days after irradiation have been used for most
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of our experiments. This decision was taken because, for logistic
reasons, irradiated flies shipped from this laboratory to the field release
area in Ttaly [8,7] had to be irradiated 24 - 48 hours before expected adult
emergence [9]). Thus our work was aimed primarily at obtaining radjo-
biological data of direct application to the flies actnally used in the field
experiments.

The data obtained on the relationship between gamma dose and the
level of sterility induced in males are comparable with those obtained by
other workers [10-14]., However, owing to the curvilinear dose-~sterility
relationship, difficulty was encountered in an earlier paper [1] in
accurately comparing data reported by different laboratories. The finding
that a linear relationship exists when the dose is expressed in logarithms
and the percent egg hatch in terms of the angular transformation eliminates
this problem. The data of Katiyar and Ramirez [12] also give a good
linear relationship and the dose required for %5% male sterility is 6. 8 krad
while the corresponding figure from out wark is 7.2 krad,

Female C, capitata are more radicsensitive than males., Females
have been reported to become infecund at a gamma dose of 4 krad [13,15]
and in our work 3 krad produced infécundity. Katiyar and Valerio [11]
found that females given a dose of 7.5 krad one day before emergence
did preduce a few eggs and we have consistently noied a few eggs from
fernales receiving up to 13 krad. However, in both these instances the
eggs were non-viable whereas Steiner et al, [2] stated that at 8.5 krad
females did produce some fertile eggs. While we found no reducticn in the
hatch of eggs from females given 1 krad, Feron [13] found that increasing
the dose from 1 krad to 3 krad progressively reduced egg hatch.

In our work the fecundity of untreated females was unaffected by
matings with irradiated males and the data of two other laboratories
[11,13,15] allows the same ¢onclusion. However, Lindquist [16], referring
to the work of Steiner and Christenson [10], stated that female fecundity
was decreased and the Spanish workeis made similar observations [17].
We would not expect that mating with an irradiated male would reduce the
fecundity of its untreated mate since virgin females of our strain of
C. capitata produce as many (unviable) eggs as normally mated females,

Katiyar et al. [ 8] observed that the haich of eggs from untreated males
mated with untreated females declined over a 4-week period; ihis supports
our findings., Our daia also indicaie that the decline is attributable to the
female, and that when 21-day-old previously mated males are mated with
young, virgin females normal egg haich is obtained. QOur data further
guggest that females require access to males for longer than b days in order
to ensure high egg fertility for up to 37 days. Even in the first 21 days the
mean egg hatch was lower than that obtained when males were continuously
available, Katiyar et al. i8] obtained rather different resulis; the egg
hatch of females known io have mated only once and held without males
was little different to that of females confined continuously with males,

The data of Katiyar and Valerio [11] show that above 5 krad there was
little difference in the sterility of males irradiated 1, 2 or 3 days before
emergence. However, at lower doses there was a tendency for sterility
to increase as the time between irradiation and emergence increased,

We were able to detect a significantly higher level of sterility in males
irradiated 3 days before emergence than in males irradiated 1 or 2 days
pre-emergence with b or 7 krad. With all doses (5, 7 and 9 krad) the
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sterilily of flies irradiated 3 days before emergence was greater than that
of flies irradiated 1 day pre-emergence, The data presented also show
that as the time of irradiation approached adult emergence the competitive-
ness of the flies increased. This conclusion is in agreement with the work
of Katiyar et al.[8), which was based on a different approach, namely the
ability of irradiated males to inseminate females,

The experiment i investigate the permanence of sterility induced in
males by 5, 7 and & krad showed that regardless of whether the irradiated
males were virgin or had mated, no recovery of fertility occurred up to
26 days after irradiation. In our other experiments we have never had any
indicatjon that the induced sterility was not permanent and Katiyar’ s group
hasg not reported any loss of sterility. On the other hand, Steiner and his
co-workers [2,10] reported that with a dose of 8. 4 kirad or lower there
occurred ' a substantial loss of sterility in males after 30 - 50 days'.
However, these papers deal wiith two other Tephritid species ags well as
€. capitata and it is not clear whether the above conclusion is true of all
three species. The histological work of Causse et al, [18] does not lend
support to a re-population of the testes with sperm after irradiation.

The apical region of testes of 4-day-old males which had received 4 or

5 krad two days before emergence was disorganized and consisted of
de-membranated bundles of nuclei. If the situation in C. capitata is com-
parable with that in other Diptera which have been studied, one might expect
that if there was to be replenishment of gperms from undamaged gonial
cells it would have occurred about two weeks after irradiation [19],
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DISCUSSION

B. A. G. BIGWALT: Mr,. Taylor in his paper considered the possibility
of mass rearing of Ceratitis capitata on a global scale by employing
techniques involving a nitrogen aimosphere and chilling, M™Mr. Hoocper,
on the other hand, stressed that the resulis he was presenting applied to
the strain reared in Vienna. I there not a problem here?

G, H.S. HOOFPER: On the basis of the doses of gamma radiation
required to achieve certain levels of sterility in male Ceratitis capitata,
there appears to be lit{le difference between strains studied in several
parts of the world. The only exception to this statement is to be found
in work from the United Arab Republic.

However, I have no information on possible differences between
various laboratory strains with respect, for example, to male
competitiveness and longevity.
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Abstract

MASS REARING OF TSETSE FLIES (Glossina spp.): RECENT ADVANCES,

In this paper attention is largely confined to the work at Langford, Bristol and Maisons-Alfort, Paris;
these are the only centres where bsetie fiies are mawm-reared. The Importance of peotecting colonies from
contact with insecticide and other noxious substances is stressed, and mention made of likely sources of
contamination, A brief account is given of the rearing techniques used at both centres with emphasis on
recent innovatlons, The comparative efficacy of these techniques is illustrated with recent data for rates
of insemination, suivival, reproductivity, eclosion and pupal welght. Mention {5 made of experiments
undertaken in Africa to test the viability of European laboratory~reared tsetse, miarked and released in the
fleld, with that of wild flies. Figures for a year' s production at each centre are given, followed by figures
based on Langford data which indicate the proportion of a colony which could be released weekly fn the field,
The paper aims to provide up-to-date information fer those who may be contemplating the rearing of tsetie
flies on a large scale in Africa.

There are only two centres where iseise flies are reared on a scale
which approaches relevance when viewed against the requirements envisaged
for tgetse control by the use of sterile males: these are the Tsetse
Research Laboratory, Langford, Bristol, and the Institut d'Elevage et de
Médecine Vétérinaire des Pays Tropicaux, Malgons-Alfort, Paris, As
the subject of this review is masa rearing, attention will be mainly
directed to the work of these two centres.

INSECTICIDAL CONTAMINATION

Attempis fo rear tzetse are doomed to fajlure unless siringent pre-
cautions are taken to exclude the introduction of insecticides, even in
minute quantities, Examples of sources of contamination will be given,

The most difficult is the unidentified source, which can only be
overcome by tzking precautionary measures against postulated contamination.
Three such incidents have cccurred at Langford. The first was in the
latter half of 1964 when the death rate among fertilized females rose from
41 to 53% for the first 30 days after fertilization and from 38 to 58% for
the next 30 days; the start of this toxic period coincided with the dipping
of the University sheep with dieldrin 50 m from the tseise laboratory [1].
Precautions, which include the regular clipping and washing of the goats,
have prevented any further large-scale contamination. In late 1965 an
abnormal death rate was confined to flies in newly made-up cages; it was
found that the woman whe had the contract for re-netting the cages had

93
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started doing the work on the sofa in her sister's house; the sister was

a farmer's wife, Subsequently, all newly covered cages were hosed with
water before use, The last incident, in 1968, was confined to flies which
were fed on rabbit ears; longevity remained normal but reproduction
virtually ceased. It was postulated that the long ears must have become
contaminated with insecticide from a batch of contaminated hay., After

the ears of all rabbits had been washed, tsetse in subsequently made-up
cages reproduced normally, bui the previously affected flies never regained
their reproductivity. Chromatographic analyses of 7 affected flies showed
a DDT level of 3.1 nanograms /fly as against only 1.3 ng/fly for 7 unaffected
control flies which had been fed on goats, The ears of all rabbits are

now washed at monthly intervals. A recent analysis of Langford goat-fed
flies showed a DDT level of anly 0. 06 ng/fly, which suggests that the
precautionary measures taken have been very effective.

To turn to more concrete sources of contamination; newly purchased
animals should be washed in hot water with soft secap (Sapo Mollis, B.P,),
and test flies should be fed off them before they become part of the fly-
feeding stock, The animal house should be carefully supervised, more
especially if it holds animals used by various departments, In July 1085,
the Lisbon isetse colony was seriously depleted by the unauthorized
spraying with dieldrin of the guinea pig room, to elimlnaie cockroaches.
Three days after application the room was thoroughly hosed down and the
guinea pigs replaced, By January 1966 the G. morsitans colony had
decreased from 2218 adults to about 200 [2], In Antwerp a decrease in
the G. morsitans colony was associated with the hanging of a Vapona strip
(DDVE, dichlorves) from the ceiling of the small animal room. It was
suggested that the insecticide was taken up from the atmosphere in the
greasy layers of guinea pigs’ skin [3]. Even though Vapona strips are
banned from animal and tsetse breeding rooms, their presence in the
same building can be dangerous, Thus one day at Maizons-Alfort
mortality among reproducing females rose to over 10%; the cause was
traced to Vapona strips which had been placed in adjacent offices [4],

There is no need to use insecticides to control house and stable flies
in laboratories. A trap which electrocutes flies (Iincluding tsetse) which
have been attracted by ultra violet light iz on the market. Three years
a2go one of these traps was installed in the Langford goat house and another
in the main tsetse handling room; succesgsful control was established in
both rooms, A number of these traps were later installed in a new
veterinary post-mortem unit, built within 8 m of the tsetse laboratory
goat house; the pathologists find these iraps far more effective than the
aerosols and Vapona strips which they had used in their old premises.

Menticn must be made of the danger inherent in the decoration of
tsetse breeding roems, a danger that may be due to the inclusion of DDT
or to the solvernt used in the paint, Itard {5] records that despite airing
his fiy-breeding room for 4 days after repainting, an abnormally high
mortality, followed by reduced productivity, occurred in his G, tachincides
colony after if had been put back, Before the Langford breeding rooms
were redecorated in 1968, the chief chemist of a large paint manufacturing
firm was consulted, He advised the testing of three insecticide-free
paints by placing cages of tseise in newly painted boxes, Only one of the
paints was somewhat toxic. The rooms were redecorated, one by one,
by the scientific staff, without abnormal mortality among the flies.



IAEA-SM-138/46 101

Materials which may contain formaldehyde such as varnishes and
plywood should be avoided [6].

The realization that stringent precautions against insecticidal
contamination are essential is probably the greatest advance that has been
made in tsetse breeding in recent years, Schemes to rear tsetse on a
maggive scale in Africa will fail unless the precautions menticned above
are observed; in addition, the tsetse rearing units should be remote from
laboratories, sitores or vehicles concerned with insecticides, and exchange
visits by siaff should be prohibited if working clothes are worn.

SOME DIFFERENCES IN POLICY BETWEEN LANGFORD AND
MAISONS-ALFORT

Colonies of G, morsitans, originating from Rhodesia, and of
G, austeni from Zanzibar are kept at both centres; the French G. austeni
colony is an offshoot from the Langford coleny. In addition, a large
colony of G. tachinoides from Chad and a less well-established colony
of G. fuscipes from the Central African Republic are maintained at
Maisons-Alfort.

At Langford the pelicy iz to vary the size of the stock of each species
held to comply with the research needs of many other workers, whereas
at Maisons-Alfort the intention is to hold the stock at 2000 females for
each of four species. At both centres the total stock of female tsetse
flies is currently about 7000.

The biggest difference in method is that since January 1967 all tzetse
flieg at Maisons-Alfort have been fed on the ears of lop-eared rabbits, using
the technique devised by Nash, Jordan and Boyle [7], wheras at Langford
only 11% of the G, morsitans and 21% of the G. austeni are fed on this host,
the rest being fed on the flanks of goats. At Langford preference has been
given to the goat as a hardy animal, readily available in many parts of
Africa, which can feed far more flies in a given time than the rabbit, even
though the latter is a better host judging from fly performance. The policy
ig to rely on two dissimilar host species lest one is decimated by a specific
diseage, or one animal house becomes contaminated by insecticide,

A BRIEF COMPARISON OF TECHNIQUES EMPLOYED AT LANGFORD
AND MAISONS-ALFORT

Maintenance climate

Langford. Al adults are kept at 25°C, with 80-70% relative humidity
for G. morsitans and 70-80% r.h, for G. austeni; all pupae are kept on
the bottom shelves where the temperature is 23.5°C [8].
adults over Tﬁ_d_a_y_s_old are kept at 70-75% r.h,, but younger flies and
pupae at 75-80% r,h,
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Fertilization

Langford. A fed, 3-day-old female is putin a 2,5 ¢m X 7.8 cm tube;
a male at least 15 days old is added {a male is rarely used more than
twice), The pairs are left together for 24 hours [8]. The inseminaticn
rate for 740 G, austeni and 427 @, morsitans dissected was in each case
98, 8%.
ten females, 3-4 Ea?rs o0ld; they are left together for 4-6 days [9]. No
ingemination rate data have been published.

Adult maintenance

Cages

Langford., Tsetse are kept in considerably modified Roubaud-type
cages: a stalnless steel wire frame, with a closed end fitted with a
cork-hole, is covered with black Terylene netting having a 2,5-3,0 mm
mesh through which the larvae can escape [10]. Two sizes are used.
The large size, 25.4 e X 12,7 em X 5,1 em deep, holds 25 goat-fed
female tsetse; the small size, 15 cm X 8.5 ¢m X 5 ¢m deep, is now
stocked with 15 rabbit-fed females instead of 10,

Maisons - Alfort, The cage type is basically similar to the above but
made with a plasticized metal frame, with a net bag instead of a closed
end; the dimensions are i4 cm X 8.5 cm X & em [9], The cage is

gtocked with 30 rahbit-fed flies [11}],

Cage storage

10 smalli-gized cages certalning 300 female flies, The cages, standing
on a narrow side, are placed one behind the other down the length of the
rack; below is a sloping gutter or chute; the larvae fall into the chute,
roll dewn to the front of the rack and drop inte a small tray lined with
tissue paper. Here they pupate and are collected daily., The subsequent
emergence rate remaing at arcund 92% [11].

Langford, Impressed by the economy in space and the speed of pupal
collection when using Itard and Gruvel's rack, their hasic idea has been
adopted, but the design is different. The cages are arranged as described
above, Running the length of the rack are two metal rodk, across which
the cages stand; below are 2 metal sheets which slope downwards at an
angle of 15° t¢ produce a median slot, 14 mm wide; the larvae fall through
the slot into a tray which runs the full length of the rack. The median slot
ig protecied by a metal 'faecal catcher', which prevents contamination of
the pupae. Each rack holds 250 goat-fed flies kept in the larger type of
cage, The rack is made of half-hard sheet aluminium, 1.2 mm thick,
which is guitable for bending in a folding press, The subseguent emergence
is higher than 92%, but this is probably due to the factors referred to in the
next sub-section,

Possible advantages of the Langford design are that the racks can be
made cheaply in an institute's workshop instead of by an engineering
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company; the larvae do not fall into a chute contaminated by the liquid
faeces of the adults and the vertical space required for a loaded rack is
much less as the back need not be higher than the front to produce the glope,

Pupal maintenance

Langford. The collection of pupae is poured daily onto dry sard in a
30.5 cm X 25.5 cm X 5,0 cm deep enamel tray, until the total has reached
about 2500 pupae, Severzl days before emergence is due, the tray is
placed in an emergence cage 30.5 em X 30.5 em X 38,0 cm high: the cage
has a Perspex top and black netting sides, one of which is a sleeve to
facilitate the collection of young flies: an illumination of 7 lux on the

soil surface is provided for 12 hours daily. Previously, G. austeni

pupae were kept in pots, but 10, 9% of emergences failed to develop their
wings, giving an effecltive emergence rate of only 86, 9%; comparable
figures after using the new technique were 0.7% and 28, 0% from 11 400
pupae, The cause of the virtual eliminationof ‘erippling' is that, given space
and light, the first hatched flies climb up the sides of the cage and do not
disturh those that are crawling cut of their pupal cases [8],

More recent results from 16 600 G, austeni pupae gave an effective
emergence rate of 98.5%. The comparable figure from 8000 G, morsitans
pupae was 96,0%; 98.9% can be achieved if sand is put in the tray, but
this increases labour,
of 30-35 per Borrel tube, until emergence. {These are ordinary glass
tubes believed to be about 3.5 cm in diameter and 8 cmn high, ) The
following emergence rates have been recorded: G. austeni 89-933%:

G. morsitans 93%: G. tachinoides 90-94%: G. fuscipes over 90% [9],
These are beleved to be overall rates from which no deduction has been
made for flies that fail to develop their wings.

Fly feeding and performance

Using rabbits as hosts

Although rabbit-fed flies produce only 15% of the Langford pupal
output, this host will be dealt with first since it allows a direct comparison
with Maisons-Alfort,

The fly feeding method has been deacribed [7]. Briefly, a lop-eared
rabbit is placed in a close-fitting box provided with two ear-rests, A
soft pad, provided with elastic strdps, is placed on the rest, the ear is
laid on the pad, the cage placed on fop of the ear and the whole secured
with the straps. The wooden end to the box has been replaced by rubber
gheeting to reduce the risk of a compresslon fracture of the spine if the
rabbit kicke backwards,

Langford. Three groups of rabbits are used; each group is brought
in for fly feeding on every 3rd day — or 4th day when a Sunday intervenes,
Initially, two cages, each holding up {o 10 female flies, were applied to
each ear for 15 min, The number of flieg applied to a rabbit did not
exceed 160/day; about half of the flies would feed [12], Currently
15 females are kept per cage, and the feeding time is reduced {o 10 min;
thig economy does not appear to have lowered productivity or pupal weight.
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TABLE I, FEMALE PERFORMANCE USING RABBITS AT LANGFORD

Reproductivity Survival Mean pupal weight
duzing life-span by day 60 after Pupae 0-24 h old
No. 99 Mean pupae/g fertilization 2 No. pupae Weight
G. austeni 1171 14.2 88% 4708 23.8 mg
G, morsitans 885 0.6 95% 4293 30,7 mg

a
" Infantile mortality” by completion of fertilization on the 4th day of iife is 5-4%; hence these rates
should be reduced accordingly to equate to those given in Table I for Maisons-Alfort,

Great caution is exercised at Langford before introducing economies
in fly feeding lest the quality of stock be impaired, Since tsetse nutrition
is based upon protein, mainly from haemoglobin, a fail in this level could
reduce fly performance and pupal weight, The 'challenge' per rabbit, in
a team: of three, was raised from 160 to 400-450 female G, austeni,
whose performance was recorded. Two of the rabbits were alive after
380 days, but one died from unrelated causes after 310 days, Blood
pictures were taken at long intervals, lest the actual bleeding falsify the
picture, The 6 to 8 pictures for each rabbit showed that in no instance
was the haemoglobin level ever as high as it had been originally; it
fluctuated at levels which were often appreciably lower. ‘Towards the end
of the experiment the mean pupal weight and survival at day 60 were
above average, but the mean reproductivity was below. A similar ex-
periment was undertaken with G, morsitans in which the 'challenge'’ was
raised to 270-300 females applied; survival was average and pupal weight
and reproductivity slightly above. It was impossible to abtain a full
series of blood pictures, but it seems that 270-300 G. morsitans applied
to rabbits on feeding days is acceptable to both rabbit and tsetse, whereas
400-430 G, austeni is near the limit as it seems to lower the haemoglobin
level and reduce productivity.

The average female performance from tests started between April
1968 and October 1869 is as shown in Table I,

Maisons-Alfort, Fly performance data, presented in a form comparable
to that given for Langford, are only available for 1968 [9,13];: these are
given in Table lI. However, it is known from personal communications
from Itard of June 1970 that major changes in technique have been made,
some of them only recently.

All flies are offered food daily, Sundays excepted, for 3-4 min.
Originally, each rabbit was brought in daily for one week and then rested
for 3 weeks; about 1000 flies were applied daily, in cages holding
15-20 flies [138), In November 1968, each group of 8§ rabbits was brought
in every 5th or 6th day and cver 1200 flies were applied to each rabhit;
each cage then held 20-30 flies [9]., These changes will have speeded up
fly feeding, but do not seem to have improved female fly performance or
pupal weight [Itard, privaté communication]. Since January 1970, a group
of 8 rabbits has been used once a week, when about 1400 flies are applied
to each beast; each cage now holds 30-38 flies. Rabbii mortality is very
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TABLE II, FEMALE PERFORMANCE USING RABBITS AT
MAISONS-ALFORT

Reproductivity Survival Mean pupal weight
during Ufe=span by day 60 Pupae 0-24 h old
Na. gg Mean pupae/g after emergence
5. austent 279 B.B 1% 23,3 mg
G. morsitans 888 3.8 1% 26.4 mg
G. tachinoides 100 7.0 88% 16,2 mg
G. fuscipes 648 ° 522 30.9 mg

 From figures for year ended june 1969 [Itard, personal communication].

TABLE HI. AVERAGE FEMALE PERFORMANCE USING GOATS

Reproductivity Survival Mean pupal weight
during life-span by day 60 after Pupae 0-24 h old
No. ¢ Mean pupae/y fertilization No. pupae Weight
G, austeni 2750 9.1 81% 2871 23,6 mg
G. morsitans 2000 7.5 a0k B867 28,6 mg

low, and there is no weight loss [Itard, private communication], but no
mention is made of the blocd picture. 'The races of lop-eared rabbits used
at Maisons-Alfort are bigger than those used at Langford, For example,
adults of their Bouscat race weigh 5-7 kg (9], whereas the mean weight
of the Langford rabbits is 3,6 kg, the largest weighing only 5 kg,

The figures given in Table II for female performance at Maisons-
Alfort were collected in 1968 [9],

Using goats as hosts at Langford

The fly-feeding method has been described in detail [14], as have
some subsequent modifications [8]. Goats are mounted on trolleys, Six
of the large-size cages are strapped onto the flanks of each fully grown
goat, enabling up to 600 flies to be applied in an hour, Cages are changed
at 15-min intervals, The same group of geatls is brought in on every
3rd day — or 4th day if a Sunday intervenes., (Four goats are still in
regular use after 7 years of this regimen,) A total of 700 flies can be
safely applied to a goat on a feeding day; a current experimenti which
hag run for 9 months suggests that 1000 flies may be safe. In the case
of goats, which weigh up to 73 kg, excess fly feeding would be most unlikely
to induce anaemia buti it might thicken the hide and so inhibit probing,

The average fermale performance from tests started between April 1968
and October 1969 is given in Table III. The mean weight recently obtained
for 3000 G, morsitans pupae from the rack-maintained females was 30.1 mg,
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QOccasionally a goat becomes unsuitable as a host in that many flies
fail to obtain blood from their probings; recognition of this staie is
jmportant, At about 4-monthly intervals, each goat is tested for host
suitability, an index being obtained from the proportion of previcusly
unfed, 2-~day-old male flies which feed off the beast. TUnsuitability may
be due to sensitization, thickening and hardening of the skin or poer
configuration due to old age or recent parturition [8], Since the policy
was Iintroduced of breeding from the goats used for fly feeding, challenging
the kids with 10 fly bites within 24 hours of birth and thereafter slowly
raiging the challenge, sensitization and its associated ill effecis have
ceased fo present a problem; it would seem that Immunelogical telerance
againgt the saliva of tseise may have been induced in the Langford herd [15].
It iz essential to gocd fly feeding that the goats be close-clipped at fortnighily
intervals; washing at 2-monthly intervals removes dried tsetse faeces.,
In addition, these measures guard against a slow build-up of insecticidal
contamination.

VIABILITY IN THE FIELD, OF LABORATORY-REARED TSETSE

The concept of tsetse conirol by releasing large numhbers of sterile.
males is dependent on the assumption that laboratory-reared males will
be fully viable in the fieid.

Langford. In April and May 1969, 30{){} pupae of G, morsitans were
sent to Rhodesia for testing. When males of the Lang:ford colony were
released into their original field habitat 2 years after colonization, they
survived and dispersed as well as the native flies which served as conireols
[18]. No differences were detected in mating studies conducted in the
laboratory [ D, A, Dame, personal communication].

G. tachinoides were sent to Fort Lamy for field release after marking,
The results are not yet available, but several flles were recaptured more
than 15 days after release {Itard, personal communication],

PRODUCTIVITY OF THE COLONIES

Data for the productivity of the isetse colonies maintained at Langford
and Maisons-Alfort are given in Table IV, These data indicate that the
gsomewhat smaller Langford stock of females is more productive than the
larger stock kept at Maisons-Alfort: this was to he expected from the
data for fly performance given earlier. It must be pointed out, however,
that Itard and his colleagues are more interested in producing sufficient
material for their research by the easiest method rather than in devising
techniques to exploit the maximal reproductive potential of tsetse fHes [8].

The ultimate longevity of G. mersitans is considerably less than that
of G, austeni, a factor which contributes to its lower productiviiy as
indicated earlier in Tables I-III, Qutput is, however, not as greatly reduced
as might be expected from the figures shown because in hoth species early
survival is good and, since there are more young flies in a colony than old,
it is the young females which make the major contribution to the output.
Using methods already described [17, 18], 1t hag been found from the
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Langford data that, depending on the host used and whether unsexed pupae
or adult males were to be released, the weekly surplus of G, aunsteni
males could range from 21 1o 30% of the colony size; comparable figures
for G. morsitans are 18 tc 25%,
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DISCUSSION

Rachel GALUN: Would you care to give a rough estimate of the cost
of an adult fly produced by your technique?

A M, JORDAN: At Langford we have not made any estimates of
producticn cosis, Under our present system it would be impossible to
differentiate between productionfor research purposes and production for
disposal, Costs could be reduced if all research were discontinued, Costs
would also depend very largely on where mass rearing was undertaken,
Labour, the availability and cost of obtaining and maintaining host animals
and building costs all show much variation from place to place,

A, MEWS: As cne of the small breeders of tsetse flies that Mr. Jerdan
referred to In his excellent paper, perhaps I mighi make one or two
comments. To speed up handling, the flies are immobilized by cooling
them in a stream of air at 4°C in a converted deep-freeze cabinet, The
flies become immeobilized within two or three mimutes and recover within
about one minute of being removed from the cabinet.

To save time we mass-mate Glossina morsitans, The males are
cooled and placed in a speciat tube with funnel attached. They are allowed
to recover for about half an hour and are then introduced inte the female
cage In the proportion of 12 males to 10 females, The sexes are separated
after 3-4 days, again by cooling the flies, two males being left in the femnale
cage to ensure complete mating, Of 56 10-day-old female flies dissected
sofar, none were found ic have empty spermathecae.

A.M, JORDAN: When Gloseina austeni was mags-mated at Langford
only about 88% of the females were found to be inseminated, Thia comparesg
with 98, 8% when the flies are mated individually in tubes. This means
that some 10% of unproductive flies would have to be kept if mass-mating
were employed, Individual mating alsc means that the flies only have to
be sexed once, when young flies are collected from the emergence cages,
With two flies per tube at the end of the mating period, it is only necessary
to determine the sex of one individual and thus only half the flies have to be
gexed at this time,

E,D, OFFORI: As a prospective breeder, I find your paper most
informative,

In view of the difficulty of obtaining lop-eared rabbits in Africa, I
wonder whether you could comment on the possibility of using the West
African dwarf goat for feeding tsetse flies in the laboratory.

A M, JORDAN: The West African dwarf goat has been used for feeding
Glossina in Nigeria. I see no reagon why, with good husbandry, it should
not prove to be a satisfactory host, "It is a smaller breed than the British
breeds we use at Langford, and this would prebably mean that only two
cages of flies should be applied to each flank, compared with the three we
can apply at Langford.

D.G. CAMPION: Since sub-lethal doses of insecticides act as repro-
duction inhibitors, is there any evidence of such an effect in the field after
ingecticide has been applied and, if so, which insecticide was the most
effective?

A.M, JORDAN: Sub-lethal doses of insecticides have been shown to
inhibit the reproduction of Glogsina in the laboratory, but net, as far as I
know, in the field, I see no reascn, however, why the phenomenon should
not occur in the field,
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J. ITARD: May I comment further on a few of the points that have been
ralsed,

Firstly, as regards the use of cooling for ansestheiizing the flies for
sexing, the use of COy, might possibly offer advantages over this method.

Secondly, with respect to the feeding of flies on lop~eared rabbits, the
rebbits currently used as hosts at Maisons-Alfort are of the Bouscat breed.
They are not lop-eared, but they do have ears that are 15 - 20 em long,
and they have more resistance than the lop-eared variety. They have been
used in the Central African Republic and crossed with a local breed,

Finally, I should like to mention that at Maisons-Alfort we use the
mass-matingmethod. Mating takes place in cages contalning 10 females
3 - 4 days old and 10 males 7 - 10 days old, The pairs are separated
4 - 6 days after mating, This method results in a fecundation rate of
90 to 85%, It is used in preference to the individual mating method applied
at Langford because four different specles are reared at Maisons-Alfort
and the available space is limited,

J. W, WRIGHT ({Chairman): I should like to ask Mr, Jordan whether
long laboratory colonization might not result in the selection of a sirain
that will not be able to survive in nature,

A .M. JORDAN: That is possible. The position of the Langford colony
of Glossina morsitans has recently been investigated in two ways, in
co-operation with Mr. Dame and his colleagues in Rhodesia. He releaged
and marked some 3000 Glossina morsitans which had been bred at Langford.
This stock had originated in the same part of Rhodesia and had been
colonized for two years. The insects were put into the field as pupae.
Recapture of marked flies showed that the laboratory-reared insects
survived ag well and travelled as far as wild flies. Their ability tc compete
for mates in the field was not determined., Mr. Dame alsc gent fresh
supplies of wild pupae to Langford, where we undertock tesis on the perfor-
mance of all possible crosses between flies of Langford and Rhodesian
origins. On the basis of these, we conecluded that the Langford colony
was performing neither abnormally badly, which would have suggested
that it was suffering from the adverse effects of inbreeding, nor abnormally
well, which would have suggested adaptation to the laboratory,

J.W. WRIGHT: I have one more question, Is artificial insemination
of the tsetse fly possible?

A.M. JORDAN: It has not been attempted as far ag I know,
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TECHNIQUES DE MARQUAGE DES
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Maisons-Alfort, France

Abstract — Résumé

TECHNIQUES FOR LABELLING TSETSE FLIES WITH RADICISOTOPES,

Faur radfoactive substances injected {ntravencusly into the rabbit, which was used as host, wete tested
for labelling tsetse flies (Diptera-Muscidae), which are strietly hematophagous and which are the vectoss of
Afriean uypanosomiasis. The purpose of tiie tests was to study the dynamics of populations in the field. The
radioisotopes studied were: chromium-51, iron-59, cobalt=37 and zine~65. The iron=59 and chramimm=51,
in particular, were chosen because of their affinity for the formed elements of blood. Chromium-51
(half-life: 27.8 days}) has a biclogical half-Hfe of 2 to 3 days in the tsetse fly, This radionuclide did not
reappear in the progeny, Maxbmum ¢limination of the chromium=-51 tock place on the second and third days
after feeding on the labelled tabbit, Iron-59 (half-life: 44.5 days) has a biologica? half-life of 2 to 3 days
in the male tsewse fly, but the counting rate is higher than that for the controls over a perlod of more than
20 days. The average biclogical half-life is 24 days in fertilized females; it is dependent on the sgg-laying,
The radionuclide appears in the progeny; strictly speaking, it is fixed on the nymph, the puparinm showing
only very slight radicactvity. Cobalt~57 (half-life: 267 days) has a biclogical half-life of 36 hours in the
male tsetse fly and of 3 to 4 days in the female, The radionuclide was not found in the progeny, The
radioactivity of the excrement increases very rapldly between the third and seventh days, The quantiries of
2inc-65 (half-life: 245 days)at dispesal were not enough to make a complete study. However,
the first results indicate that the duration of labelling in the tsemie fly is at least 15 days after several radio~
active meals and that the radicisotope reappears in the progeny,

TECHNIQUES DE MARQUAGE DES GLOSSINES AU MOYEN DE RADICISOTOPES,

Quatre corps radicactifs injectés, par vole intraveineuse, au lapin utilisé comme anfmal hote, ont &é
expérimentés pour e marquage des glossines { Diptera-Muscidae), imsectes strictement hématophages, vecteurs
des ttypanosomiases africaines, dans le but d'étudier, sur le terrain, la dynamique des populations. Les
radfolsotopes &tudiés sant: le chrome-51, le fer=59, le cobalt=57 et le zinc=65. Le fer=59 et le chrome=351,
en particulier, ont &té cholsis pour Ieuss affinités pour les €éments figurés du sang, Le chrome-51 (période;
27,8 jours) a une période biologique, cheg l1a glossine, de 2 d 3 jours,  Ge radioflément n'a pas £t8 retrouvé
dans la descendence. L'élimination du chrome-51 est maximale les deuxi€me et troisiéme jours aprés le
repas sur e lapin marqué. Le fer-59 (période: 44,5 jours) a une période biclogique de 2 & 3 jours chez les
glossines males, mais Ie taux de comptage est plus €levé que celui des témoeins pendant plus de 20 jours,

La période biologique est de 24 jours 2n moyenne chez les femelles fécand&es: elle est conditionnée part Ia
poute. Le radioflément se retrouve dang la descendance; il est flxé sur 1a nymphe sensu strieto, le puparum
ne présentant qu'une trds fafble radicactivité, Le cobait-57 (période: 267 jours) a une période biologique
de 36 heures chez les glossines méles et de 3 4 4 jours chez les glossines femelles, Le radioélément n'a pas
&t retrouvé dans 1a descendance, La radioactivité des excréments croft tres rapidement entre les trofsiéme
et septidme jours. Les quantités de zinc=65 (période: 245 jours) dont on disposait n'ont pas permis
d'effectuer une tude compléts, Cependant, les premiers réaitats obtenus indimuent que 1a durfe de
marquage chez 1a glossine est d'au molns quinze jours aprés plusteurs repas radicactifs et que le radiofsotope
se retrouve dans la descendance.

INTRODUCTION
Le projet de lutte contre les glossines par la méthode du licher de

mailes stériles qui doit étre réalisé en République Centrafricaine pré&voit
que les miles sidriles seront marqués par une technique aussi inoffensive
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que possible afin de pouvoir étudier leur comportement sur le terrain [1].
Cl est dans le cadre de ce projet qu® ont éié réalisés les essais de marquage
radioactif qui font i' objet de la présente communication. Ces études ont
€té effectudes 4 la Division de biologie (Secteur entomologie) de 11 Etablisse~
ment d' Ispra (Italie) du Centre Commun de Recherches EURATOM.

Les insectes utilisés appartiennent 4 1! espéce Glossina austeni
Newstead, provenant de 1! €élevage réalisé au laboratoire df entomologie
de I'IEMVT & Maisons-Alfort (France). Ces insectes ont &té expédiés
d Ispra soit 4 1" éiat adulte, en boite isotherme, soit & 1'&tat pupal, Une
petite zalle climatisée munie d'un évaporateur et d'un radiateur &lectrique
a &t€ installée dans les locaux du Service de biologie d' [spra pour le
mainiien de ces insectes,

Des lapins de race «fauve de Bourgogney ont éié maintenus individuelle-
ment dans des cages 4 métabolisme, placé€es dans un couloir donnant
accés d la salle de glossines, '

1. TECHNIQUE

Les glossines en élevage sont maintenues dans des cages de type
Roubaud identiques & celles utilisdes £ Maisons-Alfort [2], Elles sont
nourries chaque jour sur les oreilles de deux lapins servant uniquement
d 1" alimentation des mouches normales,

Deux autres lapins sont utilisés pour nourrir les glossines marquées,
afin d' éviter une contamination éventuelle des lapins servant d la nourriture
des mouches normales,

Pour le déroulement des expériences, on a constitué des lots de dix
mouches maintenues, individuellement, dans une petite boite de plastique,
sans couvercle et 4 fond mobile, permetiant de changer tous les jours le
papier «Joseph» qui en garni le fond, afin de recueillir les excréments,

La boite est recouverte d'un carré de tulle 4 mailles moyennement fines.

Les glossines marquées sont transportées jusqu! 2 la salle de comptage
dans une petite mallette isotherme. BElles sont placées, individuellement,
dans un tube de comptage et immobilisées avec un peu de coton afin d' éviter
les erreurs de géométrie, Le tube ne sert qulune fois, Les excréments
déposés sur le papier Joseph sont également soumis au comptage.

Les lapins marqués sont maintenus & 1' écart des autres lapins, dans
des cages & métabolisme auxquelles ont été adjoints une petite citerne
destinée d recueillir les urines radioactives et un récipient métallique pour
la récolte des excréments, Tous les deux jours 1 ml de sang des lapins
margués est soumis au comptage. )

Quatre radioisotopes ont &t€ expérimentés: le 51Cr (période = 27,8 jours);
le 5%Fe {période = 44, 5 jours); le 57Cao (période = 267 jours); et le 65Zn
(période = 245 jours).

Les raisons ayant dicté ce choix sont les suivantes ; les glossines
étant strictement hématophages et ayant une longévité netiement supérieure
d un mois (certaines femelles vivent plus de 200 joure), les radioisotopes
devaient avoir une péricde physique dfau moins 30 jours avec une période
biologique aussi longue que possible; ils devaient &tre dmetteurs de
rayons -y d grande énergie, afin d'en rendre la détection facile: ils ne
devaient pas éire toxiques pour le lapin domnmeur de sang et pour la glossine;
ils devaient enfin présenier, si possible, des affinités pour les &léments
sanguins,
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Nous n!avons pas expérimentd le 3P, ce corps ayant déjd &té utilisé
par Azevedo [3] qui ne lui trouve pas des propriéids trés intéressantes.

Les radioisotopes ont &té utilisés en solution et injectés dans la veine
marginale de 1' oreille gauche du lapin, les glossines étant ensuite nourries
sur son oreille droite, 4 des intervalles de temps variables.

Les comptages ont éié effectuds par un analyseur multicanal RCL de
2566 canaux comprenant:
a) une sonde d cristal d'iodure de sodium activé au thallium, de 3 pouces
sur 3 pouces, 4 puits de 18 mm de diaméire sur 51 mm de profondeur,
Cette sonde donne, pour le pic du 12'Cs une résolution de 7,4%. Elle est
enfermée dans un chfteau de plomb de 10 cm d! épaisseur, garni &
1t intérieur d'une plague de cadmium abscrbant les rayonnements du plomb,
et d'une plaque de cuivre abserbant les rayonnements du cadmium, La
sonde ne per¢oit aingi aucun rayonneément extérieur ou provenant de
D enceinte.
b} un stabilisateur du zéroet un stabilisateur de pic,
¢) une imprimante Hewlett Packard,

2. CHROME-51

2.1, Dilution, etalonnage

Le 51Cr utilisé provient du centre radiochimique d! Amersham
(Angleterre). Il est présenté en solution de chromate de sodium, en flacon
type pénicilline de 5 ml correspondant & 5 mCi. Cette solution a &té
diluée dans 29 ml de solvant auxqguels fut ajouté 1 ml de pénicilline
(100000 T, L1t), Le flacor d'origine a ¢t€ rincé ensuite trois fois avee
5 ml de solvant, sibien que la solution commerciale radicactive fut
finalerment dilude dans 45 ml de solvani; 1 ml de cette solution finale
correspond 4 0,1 mCi.

Un échantilion de cette solution, dilué de fagon d obtenir 0,1 pCi par mil,
a ét¢é soumis au comptage, pendant 15 h, sur 23 canaux définis pour le
pic du 5:Cr (320 keV). Le comptage a été de 25048 coups, soit 27, 83 coups
par minute.

2.2, Injection au lapin

Elle a été pratiquée le jour oud la sclution possédait, suivant les tables
de décroissance, une activité de 5 mCi. Le volume sanguin du lapin est
en moyenne de 61, 6§ ml par kg vif. Le lapin {numéro 1} utilisé pesail
3,2 kg, ce gui correspond d un volume sanguin de 197,12 ml, soit
pratiquement 200 ml. 1 ml de solution ayant &t¢ injecté dans la veine
marginale de 1' oreille gauche, le lapin a regu 100 u¢Ci, Une glossine
absorbant 0,2 4 0,3 ml de sang, absorbera donc théoriquement envircon
0,1 pCi., Aucun t{rouble n'a &ié constaté chez ce lapin aprés 1'injection.

Un autre lapin pesant 3, 25 kg (numéro 2} regoit, le lendemain, 1 mCi
de la solution de 5ICr, puis, 35 jours plus tard, 4 nouvean 1,5 mCi.

! {Inités Internationales,
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TABLEAU I. TAUX DE COMPTAGE DE CINQ GLOSSINES NOURRIES
3 MIN APRES L' INJECTION RADICACTIVE DE 31Cr AU LAPIN
Nombre de coups pour 5 min

Nourries 3 min aprds

lossines
Glossi I'injection au lapin

3809
3444
1978
2m7

L= I

3988
m = 3223
sm o= 361

m = mayenne
sm = £cart type

TABLEAU II, TAUX DE COMPTAGE DE DIX GLOSSINES NOURRIES
1 H APRES L! INJECTION RADIQACTIVE DE %Cr AU LAPIN
Nombre de coups pour 5 min

Nourrizs 1 h aprés

Glossin
b s Yinjection au lapin

BE78
5181
5248
BEOG
4928
5520
5340
3970
4428
6023
m =5512,7

- T - B B - - B - -

[y
L=1

o

sm = 288,17

= moyenbe
sm = &cart type

2.3, Marquage des glossines

Ruinze glossines miles, vierges, & jeun depuis 24 h, sont placées sur
1'oreille droite du lapin numéro 1, trois minutes aprés I injection. Cing
de ces glossines, bien gorgées, ont &t soumises individuellement au
comptage (tableau I), pendant 5 min, La radioactivité est faible,
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Quinze autres glossines sont mises & nouveau sur 1 oreille droite du
lapin numéro 1 une heure aprés 1t injecticn, Dix d'entre elles, bien
gorgées, sont soumises au comptage pendant 5 min. Les taux sont
nettement plus élevés (tableau II).

Dix méales vierges, & jeun depuis 24 h, sont placés sur 1 oreille droite
du lapin numéro 2, 15 min aprés 1' inoculation, Dix femelles vierges, 3
jeun, sont placées sur cette oreille 30 min apreés 1! injection. Cing mailes
et cing femelles, bien gorgés, sont conservés pour les comptages
journaliers. Ces glossines n! ont absorbé qu'un seul repas radioactif sur
un lapin marqué par 1 mCi de 51Cr, Dix autres glossines (5 m#les et
5 femelles), n'ayant absorbé aucun repas radioactif, constituent le lot
témoin ({tableau III).

Enfin dix femelles fécondées depuis 48 h ont été nourries sur le
lapin pumére 2, irente-~cing jours aprds, Ces femelles ont &i¢ soumises,
ainsi que les pupes produites, d des comptages réguliers (tableau IV).

2.4. Résuliats

a) Les lapins n'ont présenté aucun symptéme d!intolérance et ont bien
supporté les injections de 100 xCietl mCi. L!autopsie du lapin numére 2
n'a révélé aucune lésion.

b} La période biologique du 5Cr dans le sang des lapins est d' environ
5486 j. L!délimination est rapide, ce qui a &€ confirmé par les comptages
effectués sur 1'urine et les excréments. L!urine est fortement radioactive
pendant les premiers jours gqui suivent 1finjection,

¢} Chez les glogsines, les femelles ont une plus forte radicactivité que
les males, du fait que la quantité de sang absorbée est deux fois plus
importante.

d) La période biologique du 51Cr chez les glossines, miles ou femelles,
estde 2 4 3 j. IL.es femelles {écondées présentent une élimination identique
d celle des méales et des femelles vierges. Les pupes pondues ne sont pas
radicactives, LI!élimination du 5!Cr dans les excréments des glossines
croit trés rapidement les deuxiéme et troieiéme jours, période corres-
pondant 4 la perte maximale chez les glossines, Sept jours aprés le
marquage, il est pratiquement impossible de distinguer une glossine
marquée d*une glossine t€meoin, Un test de T pratiqué i cette période

n! est pas significatif,

e} Les glossines femelles inséminées ont une fécongdité normale. Aucune
mortalité nf a été enregistrée chez les glossines marquées,

3. FER-59

3.1. Présentation, €talonnage

Le 5%Fe provient également des laboratoires d' Amersham. Il est
présenté en solution de citrate de fer, dans des flacons type pénicilline de
10 m] contenant 112 pg de fer, représentant une activité de 1 mCi.

L' activité au jour de 1'injection est de 1,4 mCi pour 20 ml. 1l n'a pas été
effectué de dilution,

Quelques gouttes de la solution de ringage du flacon df origine sont
soumises au compiage. Les deux pics correspondants aux plus hautes
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énergies (1100 et 1280 keV) sont stabilisés sur les canaux 154 et 181 du
spectromeétre. Le bruit de fond, en 15 h, est de 18,18 coups/min.

3. 2. Injection au lapin

20 ml de la solution de citrate de 5%Fe (1,4 mCi) sont injectés dans la
veine marginale de 1' oreille gauche d'un lapin pesant 3 kg. Le lapinnfa
présenté aucun symptdme d!intolérance, =i ce n!est une dépigmentation des
poiils au niveau du chanfrein, autour des yeux, sur les joues, dans les jours
suivants.

3.3. Marquage des glogsines

25 min aprés 1'injection, vingt glossines, méles et femelles accouplés
depuis 36 h, sontplacées sur 1' oreille droite. 5 miles et 5 femelles bien
gorgés soni retenus et observés tout au long de 1'expérience, Leur radio-
activité est trés forte et les temps de comptage de 1 min sont trés suffisants,
Ces glossines sont soumises au comptage tous les jours peadant la
premiére semaine, puis tous les deux jours pendant les semaines suivantes
{tableau V),

Dix-sept jours aprés 1'injection au lapin, dont le sang manifestait
toujours une activité trés intense, 15 méiles &gés de 45 j, 4 jeun depuis 48het
accouplés avec un nombre identique de femelles sont placés sur 1! oreille
du lapin. Cing méles bien gorgés sont isolés, soumis au comptage, et
naurrig, tous les jours, sur le lapin actif, jusqufd ce qu'ils aient pris
chacun ar moins quatre repas radioactifs {tablesu VI}. Cing femelles
dgéesde 45 j également bien gorgées ont été izolées afin de suivre leur pomte.
Ces femelles {qui n' ont pris qu! un repas radicactif) et les pupes produites
sont réguliérement soumises au comptage (tableau VII).

Emnfin 10 miles venant d' éclore ont pris leur premier repas sur ce
méme lapin, 28 j aprés 1'injection. Cing de ces mé#lés, bien gorgés, ont
ét& isolés et soumis au comptage (tableau VILI).

3.4, Résuliats

a) Le lapin, qui a regu 1,4 mCi de 59Fe, n'a présenté aucun symptéme
d! intolérance, d 1'exception dfune dépigmentation des poils an nivean de
la téte, Deux examens de sang {(numération et formule leucocytaire),
pratiqués d trois semaines &' intervalle, n!ont révélé qufune légére lympho-
cytose et une neutropénie. Huit jours aprés 1'injection radioactive, 2 ml
de sang ont été prélevés, héparinés et centrifugés. Le comptage du culot
de centrifugation d'une part, et du sérum surnageant d' auire part, a montré
que la radioactivité est localisée aux hématies, le sérum n'étant que trés
faiblement radioactif. L'autopsie, pratiquée en fin d! expérience n'a
révélé aucune lésion, Les cendres présentent une radioactivité trés
élevée dans le sang, importante dans le foie, les reins et au niveau des
oreilles,
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TABLEAU VIIL. TAUX DE COMPTAGE DE CINQ GLOSSINES MALES

AGEES DE UN JOUR, NOURRIES 28 J APRES L! INJECTION RADIOACTIVE
DE %¥Fe AU LAPIN

Nombre de coups pour 1 min

& Date
4,2 6.2 9.2 11,2 13.2 18,2

1 29113 1851 270 269 258 286

2 20796 11103 278 272 228 217

3 27563 5 0o8 4535 360 tnotte

4 26243 65405 319 270 274 253

b3 22283 2218 867 302 217 256

m 25199, 6 93854, 8 436 292,83 258,7 248

sm 1583.6 2874, 6 113,1 18,2 11,2 10,7
Exctéments 3805 28789 440 1315 33
m = moyenne sin = &cart type

TABLEAU IX. TAUX DE COMPTAGE DES PUPES PRODUITES PAR LES
GLOSSINES FEMELLES MARQUEES AU %9Fe
Nombre de coups pour 1 min

Age de 1a
Radioactivité
n° Jour de la pupe la Radicactivité Radioactivité
de la pupe le
de 1a ponte de jour da la jour de sa de 1a du
g 1a pupe dissection ’ nymphe pupariwn
il ponte
{1y
6 2.2.70 11 § 842 4368 176
21,110 23 13545 9486 139
ki
9.2.70 1 1447 1061 184
21,1, 70 23 10714 T258 97
8
18,2, 70 8 2 684 2187 54
° 4,2, 70 g 177 175 2,
16,2, 70 2 1419 1307 106
23,1, 170 21 4913 3572 70
190
11.2.70 [ 1032 745 103
Témoins pupes:
26, 4 coups/min
£2,98
9 18,1, 70 adulte 6250 A568 41
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b) La période biologique dang le sang du lapin est de plusieurs
semaines. Le 59Fe se fixe dans le sang et n' en disparait que trés lentement,

¢) Chez les glossines nourrieas 30 min aprés 1'injection, la quantiié
de %9Fe absorbée et sapéricde biologique varie en fonction du sexe (tableau V),

La femelle absorbe une quantité de sang nettement plus jmportante que
le male et présente par la suite une plus forte radicactivité,

L! élimination est plus brutale chez les miles, pendant les irois
premijers jours suivant 1! injection et s! atténue ensuite en un long plateau
d pente faible. La période biologique est de 2 § 3 j, mais le marquage
demeure bien décelable pendant trés longiemps (plus de 6 semaines).

Chez les femelles, 1'élimination est trés lente et présente, dés le
premier jour, l'aspect d'un plateau d pente faible., La période effective est
longue, 24 j en moyenne. BSa durée est condifionnée par la ponte., Les
femelies fécondées produisent des pupes possédant un taux relativement
élevé de radioactivité. Cette radioactivité se retrouve dans les pupes
successivement pondues par une méme femelle, celle-ci &liminant ainsi &
chaque ponte une certaine quantité de sa radioactivité originelle, ce qui se
traduit sur les graphiques par une courbe significative en escalier, Les
pupes ont été disséquées; la nymphe et le puparium ont ét& soumis
séparédment au comptage, On a ainsi constaté que la guasi-totalité de la
radioactivité provient de la nymphe; le puparium nt!est que trés faiblement
radioactif. Avant la fin de 1' expérimentation, une des pupes a donné
naissance 4 un adulie méale, La radioactivité était localisée presque
exclusivement dans le corps de 1' adulte (tableau IX).

d) Chez les glossines nourries 17 j et 28 § aprés 1! injection radiocactive
au lapin, 1'é€limination du 5%Fe est trés rapide. Chez les males (8gés de
45 j), nourris plusieurs fois sur le lapin radicactif, la radioactivit& s! éléve
au moment du repas, mais il n'y a pas accurnulation et, 24 h aprés le
dernier repas, la radioactivité est trés faible. L!Age des mouches nlest
pas en cause, puisque les mdles nourris le jour de 1! éclosion sur le lapin
radicactif, 28 ] aprés 1'injection, présentent une élimination identique
d celle des insectes gés,

Chez les femelles Agées de 45 j et fécondées, 1'élimination est un peu
moins rapide que chez les méles, mais nettement plus importante que chez
les mouches nourries 30 min aprés 1'injection. Les pupes produites sont
trés faiblement marquées,

On peut penser que le 5Fe injecté dans le torrent circulatoire du lapin
reste libre pendant quelque temps, cette durée &tant inférieure & 8 j, puis
se fixe sur les hématies, Les glossines assimileraient bien le fer libre,
majs ne pourraient plus le métaboliser lorsqu' il est fixé sur les hématies,

Des expériences actuellement en cours deivent permettre df éclaircir
ce point et de préciser d quel moment, apréds 1!'injection, la glossine
assimile le mieux le fer libre et la quantiié maximale qu! elle peut alors
fixer.

e) Outre les comptages effectués au speectrométre gamma 256 canaux,
un appareil portatif type G-M a &ié utilisé, dans 1! optique d!une recherche,
sur le terrain, de glossines marquées et lichées, L' appareil utilisé est
un analyseur muni d'une sonde d cristal et d' un photomultiplicateur
(Ludlum Model 16 Analyseur). Cet appareil, de faible volume et aisément
transportable, a permis de déceler une radioactivité chez les glossines
6 sermnaines aprés le marquage, les femelles se distinguant nettement des
miles en raison de leur radicactivité plug importante,
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4, COBALT-57

4.1, Présentation, &talohnage

1 est délivré par le laboratoire d! Amersham sous forme de cyano-~
cobalamine ou vifiamine B12 marguée au S7Co, en solution sous un volume
de 10 m] correspondant & 100 ug de cobalt ei 4 une activité de 10 uCi,
Aucune dilution n' a été faite en raison de la faible activité.

Le pic 4 136 keV ei une partie du pic & 123 keV ont &té retenus pour le
comptage. Le pic 4 136 keV est stabilisé sur le canal 137 et le comptage
se fait entre les canaux 24 et 48.

Le bruit de fond est de 36, 48 coups/min.

4, 2, Injection au lapin

IL.a zolution est injectée en une fois & la veine marginale de 1! oreille
gauche, ainsi que 5 ml de liquide physiologique ayant servi au ring¢age du
flacon d'origine. Aucun symptéme n! a été ohservé aprés 1'injection. En
fin d! expérience le lapin a &té saigné et autopsié. Le sang et les différents
organeg, desséchés i 1'étuve pendant 72 h puis incinérés & 450°C, ont
montré aprés comptage une fixation du cobalt surtout importante dans le
foie et les reins.

4,3. Marquage des glossines

Vingt glossines miles et femelles, d jeun depuis 48 h et accouplées
pendant 24 h ont été placdes sur 1! oreille droife du lapin 25 min aprés la
fin de 1'injection. 5 mailes et 5 femelles bien gorgés sont retenus et
soumis au comptage (tableau X).

4,4, Résultats

a) Le lapin n!a présenté aucun trouble durant le mois qui a suivi
1t injection, L!autopsie n'a révélé aucune lésion macroscopique.

b) La période biologique est, chez le lapin, inférieure d 24 h. La
disparition du cobalt, dans le sang, est trés rapide (tableau X).

¢) La période biologigue, chez les glossines, est de 36 h en moyenne
chez le méile et de 3 4 4 j chez la femelle. La durée de marquage, aprés
comptage de 1 min, est de 3 4 5 j pour lesmélesetdel0415 jau maximum
pour les femelles. La décroissance biologique du 57Co se traduit par une
&lédvation rapide de la radicazctivité des excréments, principafement entre
le troisiéme et le septiéme jour,

d) Une seule pupe a éi€ pondue, Elle n'étfait pas radioactive.

5. ZINC-65

5.1. Présentation, étalonnape

1 ml d'ume solution chlorhydrique de %%Zn, d'une activité de 100 pCi,
cédé par le Service de biochimie organigue, a été¢ dilué dans 6 ml de sérum
physiologique augquel a été ajouté 1 mi de pénicilline (100000 U. L), I
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sl est produit alors un floculat important, Aprés décantation, le liguide
surnageant, dans lequel 1' activité était concentrée, a &té injecté au lapin.
Le pie & 1140 keV a éi¢ stabilisé sur le canal 159 et le comptage se
fait enire les canaux 148 et 170.
Le bruit de fond est de 8,19 coups/min,

5. 2. Injection au lapin

La schution a éié injectée, dans la veine marginale de 1! oreille gauche
d'un lapin pesant 2,9 kg. L'animal a manifesté guelques symptémes
d! intolérance: agitation, tachycardie, polypnée,

5. 3. Marquage des glossines

Vingt glogsines accouplées depuis 48 h et 4 jeun depuis 24 h ont &té
placées sur 1'oreille droite du lapin. 5 méles et 5 femelles bien gorgés
sont retenus et soumis au comptage. La radiocactivité étant faible, ces
mouches ont €t€ d nouveau nourries sur le lapin marqué pendant 6 j, au
cours desquels elles ont pris deux 4 trois repas radicactifs,

5,4, Résuliats

a} I faut tout df abord signaler que 1! &tude de ce corps radioactif a
été entreprise fortnitement, Les délais de commande du ©Zn sous forme
injectable étant trés longs, nous n' avons pu aveir 4 notre disposition que
la golution chlorhydrique gue le Service de chimie a bien voulu nous céder,
Cette solution, non physiologique, explique vraisemblablement les symptémes
d'intolérance manifestés par le lapin. Dans les jours suivanis 1! injection
sont apparues des nécroses vasculaires des extrémités (queue, oreille) qui
ont nécessité 1' euthanasie du lapin. Cependant 1a seule 18sion relevée
d 1' autopsie consistait en un foyer de nécrose sur le lobe diaphragmatique
du poumon droit. Le %2Zn &tait fixé en grande partie dans le foie, la rate,
leg reins et au niveau de 1! oreille gauche,

b) La période biologigue dans le sang du lapin est inférieure 4 24 h,

c) Les taux de comptage chez les glossines et les pupes produites sont
trés faibles. Cependant le marquage, chez la glossine adulte, semble
persister au moins 15 j aprés plusieurs repas radicactifs.

d) Deux femelles ont produit chacune plusieurs pupes, Celles-ci,
par comparaison avec les pupes témoins, apparaissent radicactives
(tableau XI).

CONCLUSIONS

Des quatre corps radioactifs utilisés, le 9Fe semble étre le plus
intéressant pour le marquage des glossines. Ce corps est bien supporté
par le lapin donneur de sang, chez lequel il persiste longtemps, Chez les
glossines nourries 30 min aprés 1'injection radicactive, la radioactivitéd
persiste pendant une longue période 4 des faux de comptage suffisamment
élevés pour &tre pergus par un appareil de détection portatif type G-M.
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La descendance est également radicactive et il est possible, bien que nous
ne puissions éire trés aifirmatifs en 11 état actuel de nos recherches, qu'il
y aift marquage du sperme chez le maile,

Des recherches actuellement en cours deivent nous permetire de
préciser certains points soulevés au cours de cette étude, tels que le
moment de la fixation de ce corps sur les hématies du lapin, 1'état sous
lequel il est le plus facilement métabolisé par les glessines, son action
sur la descendance (développement de 1'embryon, fécondité ultérieure de
1'imago qui en est issu).

Le %Zn semble présenter des propriétés également intéressantes pour
le marquage des glosgsines, L!'étude de ce corps, que nous avons pu cobtenir
sous forme injectable, est actuellement poursnivie,

Le 5Cr et le ¥7Co ont une vitesse df élimination t{rop rapide pour
présenter un intérét comme marqueur chez les glossines,
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DISCUSSION

G. BORGHL The absorption of **P by Culex pipiens observed in work
at Recife resulted in differences between the radicactivity of males and
fermnales similar to those noted by Mr. Itard. We interpreted the phenomenon
as being due to the fact that the females of Culex pipiens are iwice as large
as the males, Moreover, an anomalous maXimum in the radioactivity of
the males was observed 2-3 days after the absorption of 3p,

J. ITARD: Male and female tsetse flies are the same size, but the
females do absorb twice as much blood as the males and it would appear
that there are accumulations of radicisotopes (*?Fe in particular) in the
uterine glands, which provide food for the larvae. We have not obgerved
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in the case of the isotopes used by us (Cr, Co, Fe and Zn) any maximum
activity in the males 2~3 days after the radioactive meal,
A, M. JORDAN: Did any flies that had received one radiocactive meal
and a number of subsequent normal meals show detectable radioactivity?
J. ITARD: Yes., TFlies that had taken z single radicactive meal and
had then been fed on unlabelled rabbit exhibited a clearly detectable radio-

activity for several weeks. These were flies that had been fed 30 minutes
after injection of the rabbit with 5?Fe,
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Abstract

LIFE TABLE 5TUDIES OF Aedes albopictus { SKUSE),

Aedes albopictus has been found to be involved in the transmission of dengue haemorrhagic fever {n
some countries in South-zast Asta. A study was made to investigate certain aspeets of its population dynamics
to detertnine its relationship to the epidemiology of the disease and for control purposes,

Complete 1ife Mstories of the species were carrled out undet both field and laboratory conditons, Under
fizld conditions, using painted condensed milk tins provided with bristol boards to serve as ovitraps, the mean
duration of life cycle from oviposition to adult emergence wat 19,2 days with a range of 10 - 46 days, The
mottality rates at each stage were as follows: egg 9.%%, 1st instar 86%, 2nd snstar 20, 4%, 31d instar 20,%%,
4th instar 31. 1% and pupa 1.0%, giving a total mortality of 89, 5%,

Labotatory expetiments using fixed numbers of larvae with varying amounts of food showed similar
increasing motrtalities in the larval stages under suboptimal levels of food {60% wheat + 30% milk powder +
10% yeast) supplied, Mortality was less than 5% ahove 0.02 myg of food/laiva/mi water, Below this level
of food, mortalily increased hyperbolically until it reached nearly 100% at about 0.004 mg/lava/ml, The
life cycle duration was shortest at 0,02 mg/larva/ml, not exceeding 10 days, but increased rapidly with
decreasing food,

Other agpects of the life budget of A. albopictus studied included sex ratio, fecundity, gemotrophic cycle,
adult longevity and adult survival rate in nature,

1, INTRODUCTION

Aedes albopictus (Skuse) had been implicated in dengue haemorrhagic
fever transmission in Singapore [1] and in Thailand [ 2] in addition 1o
Aedeg aegypti (L.) which is the primary vector [3,4], In Singapore,

A, albopictus is one of the three commonest and most abundant peridomestic
mosquitoes [5]. Bince it ig largely anthropophilous and bites peraistently,
it iz algo a major nuisance and a chief cause of public complaints,

Unlike A, aegypti, which has been widely studied, especially by the WHO
Aedes Research Unit in Bangkok and by Chan et al, [6-8] and Ho et al. [9]
in Singapore in recent years, A. albopictus has been lttle studied, For
this reason the life budget aspect of {ia population dynamics is studied so
that more effective control measures by integrated or genetical methods
could be developed.

2, METHODS

2,1, Life budget

The life budget of A. albopictus was determined under both field and
laboratory conditions,

* This research project was supported by 2 medical research grant from the Ministry of Health, Singapore,
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In the field, black condensed milk tins, one of its most preferred
habitats [ 7], were uged as ovitraps, Bristol boards, each measuring
1in, X 43 in, X 1/8 in, were inserted into each tin to serve as the ovi-
position substrate or paddle, The ovitraps were placed at ground level
in suitable shaded sites, e.g. under bushes and banana clumps, in the
compound of the Vector Control & Research Branch within the Airport area
where A, aegypti was not known fo occur, The ovitraps were examined
daily and when eggs were found, they were counted with as little digturbance
as possible. The ovitraps were then covered securely with a fine wire
gauze and refurned to their original positions, No food was added, They
were examined daily for development and mortality until complete adult
emergence,

In the laboratory, eggs collected from a colony were hatched and
varying numbers of larvae (10, 20,40, 60, 80) were reared in ceramic rice
bowls filled with 170 ml of water and supplied with 60 mg of food comprising
80% wheat, 30% milk powder and 10% yeast, thoroughly mixed with a few
drops of water to form a paste, In another seiries of experiments, 40 newly
hatched larvae were fed on varying amounts of food. Both series of
experiments were carried out simultaneoualy and each series had five
replicates,

As in the field tins, the larvae in each bowl were examined daily for
development and meortality until complete emergence,

2,2, BSex ratio

Adults emerged from eggs laid by females from the laboratory colony
and used for life table and competition experiments (with A, aepgypti [8])
were sexed and counted,

2,3, Fecundity and gonotrophic cycle

Gonotrophic cycle used here is the time interval between hlood feeding
and oviposition.

Two-day-~old females and four-day-old males kept on a 10% sugar
golution in a 1-ft° cage, were fed on man (5 hosts) and a similar cage of
females fed on rabbit (3 hosts), After feeding, individual females were
isolated, each in a flat-bottomed 1 in. diam, X 3 in. high eylindrical tube
for oviposition, The top open end of the tube was covered with a fine
gauze onto which water could be dropped on the second day after feeding;
the water then drops onto a moist cotton pad placed at the bottom of the
tube, covered with a piece of filter papsr, )

Three separate batches of females were experimented on, to determine
the fecundity in the ist, 2nd and 3rd gonotrophic cycles respectively, The
females were dissected to determine the number of eggs retained at the end
of each of the three gonotrophic eycles. For the 2nd and 3rd cycles, females
were removed into new oviposition tubes described above and re-fed after
the 1st and 2nd cycles respectively,

Daily examination for eggs was done at half-hourly intervals between
8.3¢ a,m, and 5 p,m, and when eggs were laid, they were counted and
the time of oviposition recorded, For the calculation of duration of
gonotrophic cycle, only females actually seen laying egge between 8, 30 a.m,
and 5 p.m. were counted. Those which laid ouiside this period were
discarded,
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2,4, Adult longevity

Adult fernale longevity in nature was determined from ovary dissections
of field populations caught in houses and in the open using human baits, from
September 1966 to March 1868,

Four human bait traps were set up in the open in a homogeneous
shophouse-~cum-resident area in Geylang at the following localities:

Lorong 32, Jalan Satu, Kallang Clinic and Lorong 13, Two men at each
station, one acting as bait with limbs and body exposed and the other as
catcher with aspirator and forchlight, caught all mosquitoes between
5.30 p.m. and 10 p. m.! on alternate days throughout the pericd, The
catching time was also intended for collecting Culex fatigans (Wied.)
but covered the peak biting time of A, albopictus (unpublished data),

For the house catches, 20 shop-cum-resident houses in the same
Geylang area were used as collecting stations, Two trained catchers,
supervised by a senior officer, caught all resting and biting mosquitoes
in each house in 15 min, using sweep-nets, WHO asplrators and torchlights,
Catches were made once a week in the morning,

2.5, Adult survival rate

The adult female survival rate used here denotes the probability of
survival through one day in nature based on digsections of resting and
biting populations caught inside houses and on hiting populations caught
outgide premises, The physiclogical and calendar ages of the females were
determined by Detinova's method of counting the number of follicular
dilatations [ 10].

3, RESULTS

3,1, Life cycle duration and mortality rates

Under field conditiong, an average of 40.5 eggs were laid in each tin
with a range of 8 - 128 eggs per tin (Table I}, The majority (68. 2%) were
laid on the under surface of the paddles just above the water level, with
12, 7% laid on the upper surface and side edges. Omnly 10,6% and 8. 5%
respectively were laid on the water surface and on the sides of the tins
above the water level.

‘The duration of life cycle, from ovipogition to adult emergence,
averaged 19,3 days (Table I). Generation survival of the species repreasented
10, 7% and total mortality 89, 3%. Mortality was highest in the 4th larval
instar and lowest in the pupal stage.

Under laboratory conditions, similar mortality raies were obtained,
whether by supplying fixed amounts of food to varying numbers of larvae
(Table 1) or by supplying varying amounts of food to fixed numbers of
larvae (Fig.1), In both groups, foed supplied was guboptimal to near
optimal, An optimum amount of food is that which would result in the
shortest life cycle duration and minimum mortality.

! On most nights some A. albopictus females continued to bite after dusk at about 7 p.m.
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FIG.1. Effect of focd supply on duration of life cycle and mortality In Aedes albopictus,

The life ¢ycle duration increased rapidly with decrease in food supply
and decreased rapidly with increase in food supply {Fig.1). At 0, 035 mg/
larva/ml, the mean life cycle duration from egg hatching to adult emergence
wag 6.1 days while at 0, 004 mg/larva/ml, it was 32,4 days. At these
same levels of food supply, the adult emergence was respectively 97, 5%
and 1, 8%, Mortality was less than 5% above 0, 02 mg/larva/ml. Below
this level, mortality increased rapidly until it reached nearly 100% at
about 0, 004 mg/larva/ml, Mortality in the immature stages began
earlier at low than at high food levels and in each larval instar it increased
proportionately with decreasing food supply. In the pupa, however, there
was no proportionate increase in mortality with decreaging food supply,

3.2, Sex ratio

The number of males and females emerging from 114 samples of
randomly collected eggs laid by a laboratory colony was respectively 2138
and 1748, thus giving a sex ratio of 1,22 males to 1 female,

3.3. Fecundity

More eggs were laid on rabbit than on human bloed (Table IT} and the
number of eggs decreased with each subsequent ovipositlon. The majority
of females laid eggs readily in confinement, Only a few retained eggs.

3.4. Gonotrophic cycle

The mean duration of the gonotrophic cycle was 2,9 days (Table III),
The shortest time taken for the gonotrophic cycle was two days. This is
the time required from feeding through egg development and maturation to
oviposition, almost without delay. The time taken to oviposit after egg
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TABLE IV. FEMALE OVIPOSITION RHYTHM AFTER EMERGENCE

Oviposition rhythm Day
Without rest? With 1 day rest

1. EMNEIgente.esansrssasasvras [ 0
2. 1st blood meal/Mate

ot Mate/1st Dlood meal...... 2 2
3. Ist ovipositions.eeccrsrenans 5 5
4. Rest/2nd blood mealyavsrsaas E &
5. 2nd oviposition.,.....cecev.. 8 9
6. Rest/3nd blood meal........ .. g 10
7. 3xd oviposition..... PP 11 13
and s on.

2 Or with less than 1 day's rest.

maturation, however, may be prolonged for an additional 4. 2 days in
confinement. The gonotrophic cycles appeared to be slightly lengthened
after the first oviposition,

Some females would readily feed again soon after egg laying while
othexs did not feed again until one day later. The majority of females
began taking their first blood meal on the second day after emergence.
Mating occurred just before or soon after the first blood meal. In some
cases, mating was attempted while the female wag feeding,

Taking a mean of three days for the gonotrophic eyecle, the female
ovipesition rhythm after emergence would be as shown in Table IV.

3. 5. Longevity and survival rate in nature

The physiological age of the females was determined by the number
of follicular dilatatione and the calendar age calculated from the duration
of the gonotrophic cycle as illustrated in section 3, 4.

In both the human bait and houge catches, the oldest females caught
aver the period of 19 months were those which had laid three batches of
eggs (Table V), i.e. between 11 and 13 days old. About half (51, 3%) inside
houses and 43, T at human baits were nullipars, Ninety five percent
of females caught at human bait and 91% caught inside houses were less
than two gonocycles old, thus showing that few A, albopictus females ever
lived to beyond two or three gonotrophic cycles, There were more fed and
gravid females indoors than outdoors, but a larger proportion of older
females existed outdoors (Table V), The proportion parous was slightly
higher for females caught outdoors at bait than for those caught inside
houses, The mean monthly proportion parous caught outdoors and the
mean monthly density of the mosquito (females) were directly correlated
{unpublished data),
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4, DISCUSSICN

The life cycle of A. albopictug had been studied by a number of
workers under laboratory conditions [11-15], Whilst all theae authors
had recognized that the duration of life cycle, generally between one and
two weeks under laboratory conditions, is dependent on temperature, none
of them had shown, as in the present paper, that it is alsc dependent on
the amount of food available to the larvae. This study shows that in nature
the life cycle averages longer than under laboratory conditions, The duration
varies widely (10-46 days), averaging about three weeks, thus indicating that
in nature the amount of food available in containers is suboptimal or that
there is nusually overcrowding of larvae. Resulting mortality is therefore
higher than under laboratory conditions, Temperature is not considered
important enough to significantly affeet the duration since it is very constant
in Singapore. The mean daily temperature for the four years 1966-1369
showed a variation of only 2,5 deg C, from 25,2°C to 27,7°C,

There had been very few studies on the fecunidity of A, albopictus,
Galliard [ 16] found that the number of eggs laid varied from 30 to 50 under
laboratory conditions and the total number per female in her life tfime
reached 950, Del Rosario [15] recorded an average of 46 eggs per female
with a range of 6 - 124 when fed on human blood, Both authors did nat
include eggs retained after each oviposition. The actual fecundity of the
mosquito was therefore not determined by both authors, The present
study shows that, like most other mesquitoes, A, albopictus lays fewer
eggs after each succeeding gonotrophic cycle and that human blood is not
the most productive since the blood of at least one other host (rabbit) is
more productive. However, Del Rosaric [15] has shown that A, albopictus
prefers human blood to that of rabbit, mice or chicken, In Singapore,
the precipitin test wasg nearly always positive for human blood [17), thus
indicating that man is probably its normal host, '

The present study agrees with earlier findings [ 14, 15] that the
gonotrophie cycle is about 3 days., There was considerable difference in
time between individuals in the laying of eggs in all the three gonotrophic
cyclea, This difference, however, is due to the time taken 10 oviposit
after egg maturation which may vary even in the same individual in
confinement, and not to the actual duration taken for the eggs to develop
and mature, The latter is contirolled by temperature and relative humidity [10]
whilst the retention of eggs after maturation is probahly related to the
neurosecretlory state of the female and the nature of the ovipositing substrate,

In the laboratory, A, albopictus females had been kept alive for up to
82 days on a sugar diet and up to 61 days on human blood at 26°C and 85%
r.h. [15], In nature, however, this duration is probably never reached,

In the field, Fisher and Ford's [ 18] deterministic model and Jolty's[19]
stochastic model had been used for estimating population size, survival
rates and expectation of infeciive life, based on mark-release-recapture
experiments, by Sheppard et a1, [20] in their study on the population
dynamics of A. aegypi in Bangkok, These methods were not employed for
A. albopictus in this study, A simpler methed was used, based on the
mumber of follicular dilatations [10] and on graphed values for expectation
of infective life and probabilities of daily survival derived from parous
rates [21],
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TABLE V1. LIFE TABLE OF Aedes alboplcius IN NATURE,
SINGAPORE

Number alive

Age at beginning Number dying dx as % of original 1x
interval ' of x during x i.e. as% of 88

(x) {Ix} (dx) (200 qx)
Egg 88 8.7 9.9
Larva

1st 79,8 5.8 6.6

20d 72.5 17.9 20.4

Srd 55.5 17.9 20.2

4th 31.8 27.4 a1.1
Pupa 10,2 0.9 1.0

Totair 78.8 89.2

Aduit 9.4 - 10, T survival
Parameters:

Generation sucvival = 9.4 or 10,70

Generation mortatity = 78.6 or 89,3%

P {propottion surviving through one day) = 0.77 - 0.81
Number of famales surviving through one day = 3,34

Number of females surviving throngh 11 or mote days = 0,025

Expectation of infective life (in days)

R
= —_—1@ where n = 10, the value {fn days) of the incubaticn period of dengue vimaz

=0.4(0.2 - 0.6)

From all the above data collected, it would now he possible to (1) con-
struct a life table of A, albopictus as shown in Table VI, (2} relate the
epidemioclogy of dengue diseases transmitted by the species to its population
dynamics, and (3) estimate from known parameters, the number of
sterilized males that would have to be released in a large- sca.la control
program using the sterile-male technigue,

The life table presented in Table VI is preliminary since at least one
group of mortality factors were not taken into account, namely predation
in nature especially by Toxorhynchites. In Singapore, predation of
A, albopictus by T. splendens in rural areas is highly significant and may
account for up to 100% mortality of the prey species for several generations
in containers where the predator species occurs [22). In the city, however,
the predator species is very uncommon [ 22],

Table VI shows that from & pair of mosquitoes of one generation, at an
average fecundily of 88 eggs per female per batch, an average of 9, 4 adults
would result in the next generation, This represents a probability of
survival through the aquatic stages of 0,11 or 10,7%, The probabilily of
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survival from egg to successful adult emergence constitutes one of the
most important mechanisms for the natural regulation of the adult densities
of all mosquito vector species,

The important parameters in terms of the reproductive ability of the
mosquito population and hence its relation to disease {ransmissgion, are:

(1) the probability of daily survival of the adult female;

(2} the average number of eggs in a batch;

(3} the length of the aguatic cycle in days;

(4} the probability of survival of an egg to successful adult emergence;

and

(3} the oviposition rhythm, as expressed by the average times between

emergence and first oviposition and between succeasive ovipositions,

The values of these parameters for A, albopictus are respectively
{1} 0,77-0.81, (2} 88, (3) 19,3, (4) ©0.11, (5) 5/ 23, 3, 4 (the first
oviposition occurs at day 5 and the following ovipesitions every 2% or 3
or 4 days),

From thege parameters, it is posaible to relate the moaquito population
density to transmission of dengue and dengue haemorrhagic fever. It is
known that the incubation period for most viral and protozoal infective
agents is about 10 days under tropical conditions, All vector females of
10 days old and above, therefore, are potentially dangerous as they would
trangmit the agent if the disease reservoir is present, It is important,
therefore, to caleulate the number of females that are 10 or more days old
at any known density level of the mosquiic population, This can be
calculated as follows (for convenience the age of females capable of
transmitting disease is here taken as 11 or more days or three or more
gonotrophic eycles (see section 3, 4)):

Number of females emerging from one batch of 88 egps = 4, 23

Proportion surviving through one day = 0, 79

. . Number of females surviving one day = 0,79 X 4,23 = 3,34

Number of females surviving 11 or more days or three or more

gonotrophic cycles (eee section 3,4 and Table V)
0,2 1,3

= WXS.S‘I to 755 < 3. 34

= 0, 0067 to 0,0434 = 0, 025 on the average,

Since a single female mosquito of one generation would give rise
to 0, 025 females capable of surviving through 11 days in the next generation
at a dengity of 0. 34/man-~h (average of 0,40/man-h and 0. 27/man-h,

Table V), there would be 0, 025 X 0. 34 or 0, 0085 female mosquitoes
surviving the critical period of 10 days and above ariging from the single
female of the previous generation. °

Since 0, 0085 females would survive 11 days and above at a density
of 0, 34/man-h, one female surviving this period would require a density
of 40 females per man-hour, This density, 40/man-h, would therefore
be the minimum threshold level for transmission of dengue viruses in
the Geylang area of Singapore by one single female 11 days old and above,
It ghould be noted that A, albopictus i not uniformly distributed in
Singapore but shows focal breeding [6], Its density therefore varies from
locality to loeality.

The expectation of infective life of the mosquito for a virus incubation
period of 10 days at the prescribed range of proportion surviving through
one day (0, 77-0, 81) would be between 0,3 and 0, 6 days with a mean
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of 0,4 days based on data graphed in Ref, [21]. This means that a single
female mosquitc at this infective age would be able to transmit dengue
viruges for only about 10 hours at the time of blood feeding on the 11th day.
In an eradication program using the sterile-male technique, daily
gwamping every breeding place with very large nmumbers of sterile males
either through sterile pupae or by direct release of sterile males would
be necessary in order to reduce to a low level the probability that a
virgin female would mate with its own wild fertile male, For this, ‘factory’
eggs musgt be mass-produced in enormous numbers, a technique which is
already available [23, 24]. The number of sterile individuals, whether
pupae or adults, must be related to the number of normal eggs, larvae,
pupae or adults found in nature where the release is to be made. This
could be achieved directly by estimating the number of larvae of a particular
instar, allowing for previous mortality and non-hatching of eggs (as the life
table enables) or indirectly by the use of a computer into which are fed the
relevant parameiers, In the second method, it would also be possible to
estimate the duration of treatment necessary for eradication of the mosqguito,
as is being done at the London Ross Institute of Tropical Hyglene by
Dr, C,B, Cuellar,

5, CONCLUSION

This paper provides the groundwork for assessment of the possibility
of controlling A. albopictus by the sterile-male technique and for further
studies on the population dynamice of the mosquito in those aspects that
would lend themselves to the control of this species by the sterile-male
technique, Additional daia on the biology of its natural populationsg in
S, E. Asia should be collected, especially on its population size and
dispersal raies, before actual releases of sterile males into the
environment is attempted,
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DISCUSSION

R. PAL: You have indicated thal three gonotrophic cyeles are required
before transmission can start, This takes about 11 days, and with the
gurvival rate of 0.4 after 11 days the transmission potential is indeed
extremely low, I would seem that two gonotrophic eycles should be
gufficient for transmission under actual field conditions.

Kaj-Tok CHAN: That is true. The incubation period of the virus
under normal tropical conditions is about 10 days, For transmisgion of
the dengue virus, a female mosquito must therefore be at least 10 days
old, Where there is a mean value of three days for the gonotrophic cycle
and the first ovipesition occurs on day 5 after emergence, the female
mosquito can begin transmitting the virus on day 10 after the first blood
meal, i,e. after the second ovipogition and before the third oviposition,
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which would occur on day 11, The female would then have a total of
24 + 10 = 34 hours for transmitting the virus,

Rachel GALUN: Are three gonotrophic cycles necessary for the
transmission because the length of time necessary for these cycles
colncides with extrinsic incubation perlod of the virus?

Kai-Iok CHAN: The answer to this in fact emerges from the remarks
Mr. Pal and I myself have just made, Transmission of the virus can begin
on about day 10 after the firat blood meal (assuming a patient's blood ia
taken), On the basis of a three-day gonocycle, at least three gonotrophic
cycles will he required before the female can transmit the virus, On the
basgis of a two-day cycle, only two gonocycles will be required.

Rachel GAL.UN: Ig the higher egg productivity of females fed on rabbit
blood as compared with that of females fed on human blood due to a
difference in the size of the meal on the two hosts?

Kai-Lok CHAN: No measurements of the size of the blood meal were
carried out, but in both cases females were fed to repletion, and it may
be assumed that amounts consumed were approximately the same, i,e.
abott twice the body weight of the mosquito., The differences in egg
productivity would probably be due to differences in the blood of the
two hosts, for example in the proportion of protein-producing constituenta,
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Abstract

POSSIBLE USE OF THE STERILE-MALE TECHNIQUE FOR ERADICATION OF THE HORN FLY,

The hormn fly, Haematebia irritans (Linnaeus), is an obligate, blocdsucking parasite of major importance
on cattle In North Americe, Field studies on the biology and habits of this species have shown that an inte«
grared eradication program utilizing the sterile-male technique might be possible.

Mass-rearing proceduregs have been developed which could at present supply about 350 000 adults/week
at a cost of $1 per 1000 flies. Studies are being made to fmprove the larval rearing media and adule blood
diet in an effort to increase reproduction of colony flles, minimize fluctuations in production, and reduce
cost.

Hotn fly pupae can be completely sterilized with 2500 rad from a cobalt-60 source with no apparent
reduction in adult emergence or survival, However, sexual competitivensss of the sterile males appears
to be reduced, perhaps by as much as 50%. Similar resulws have been obtained with the chemosterilant
tepa. Before a release program can be initiated, a method of producing a more compeatitive sterile male
will need 1o be developed,

In the geographical area studies, there is a period of low adult emesgence in the life cycle of the
horn fly during which the species would be vulnerable to an eradication attempt. It appears that the
sterile-male method would probably be mest effective if it were Integrared with a chemical control
program. The releaze of sterlle, Insecticide-resistant flies, the application of late-season chemical
control to reduce the ovetwintering population of normal flies, the introduction of & non-diapausing strain
of flies, and the release of a biological control agent, could potentially be used in corjunction with the
sterile-male technique,

INTRODUCTION

The horn fly, Haematobla irriians (L.}, an obligate bloodsucking
parasite of cattle, is distributed threughout the New World from Venezuela
to Canada and in the Old World from North Africa to Lapland [1]. In the
United States, it is cosmopolitan in distribution and is one of the major
insect pesta of cattle.

In the absence of control and with favourable weather, extremely
large populations of these flies may build up in almost any loeation where
cattle are produced; infestations of 2000 to 3000 flies per animal are not
uncommon in the humid areas of the southern and southeastern United
States. The adulis remain on the host day and night, and the females
leave for only a few minutes at a time to deposit eggs on freshly voided
cattle faeces, Both males and females take several blood meals a day.

The constant presence and feeding of these f{lies irritate and annoy
the host animals so that they cannot feed or rest properly. Since heavily
infested cattle may graze little, they are thus slow to gain weight or may

* Livestock Insects Investigations Laboratory, College Station, Texas 73040, USA
1 Livestock Insects Investigations Laboratory, Kerrville, Texas 78028, USA
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even lose it. We have observed cattle stampeding through hrush in
attempis to rid themselves of large numbhers of flies, Also, infested
range cattle constantly swing their heads in attempts to dislodge the flies.

Accurate estimates of the losses caused by the horn fly are difficult,
but the evidence indicates that the constant stress on the host animals
can be a significant factor in the production efficiency of a beef or dairy
cattle herd. One figure suggests [2] that horn flies cause losses of
$179 million per year in the United States. The only known role of the
horn fly as a vector of a disease or parasite is its association with the
filaria worm Stephanofilaria stilesi Chitwood [3].

An extengive Iiterature concerns the horn fly, particularly conventional
methods of control, but much remains to be learned of its life history and
habits. However, our available information does indieate that the horn fly
might be a good candidate for an integrated eradication program. A con-
certed effort is therefore being made by entomelogists of the U.S, Depart-
ment of Agriculture, primarily at Kerrville, Texas, to find the answers
to the many questions about rearing, sterilization, field biology, and eco-
logy which are needed to determine whether such a program is feasible.

I. MASS REARING

Laboratory colonies must be established before investigators can
study the life history and bioclogy of an insect and develop the mass-
rearing techniques required for release programs. However, the initial
efforts to colonize the horn fly were unsuccessful, Glaser [4,5] and
McLintock and Depner [8] reported that larvae could easily be reared
to adults and adults could be maintained on defibrinated or citrated
bovine blood, but the females did not produce eggs. Therefore a permanent
colony of horn flies was maintained in the laboratory by using adult cattle
as hostie for the adult stages; the immaiture stages were reared on the
faeces of the animal [7].

Harris [8] established the first laboratory colony of horn flies that
reproduced without contact with a host animal. He began with the theory
that micro-organisms developing in citrated bovine blood were detri-
mental to the flies or that the laboratory diet of bovine blood was deficient
in the nutrients required for egg production. His colony was established
by feeding the adult flies a diet of citrated beef blood to which antibioties
and a saline extract of beef muscle had been added, Then Harris et al.[9]
developed an artificial larval rearing mediam which coniained no bovine
faeces but which compared favourably with faeces as a medium for rearing
horn fly larvae,

Therefore, since 1865, the basic rearing techniques developed by
Harrisg have been used, with various medifications, in an effort to develop
a mass-rearing technique for the horn fly. The major meodifications have
been the addition of bovine faeces to the artificial larval medium and the
exclusion of the beef extract from the adult diet, The resulis of these
changes were first reported by Schmidt et al.[10], who also reported later
modifications [11],

The large-scale colony is at present being maintained as follows.
Adults are fed a diet of beef blood cbtained from abattoir-slaughtered
cattle. Sedium citrate is added as the anticoagulant, and kanamycin sul-
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phate and nystatin are added fo retard development of micro-organisms,
Flies are fed at 08.00 and 16.00 hours daily by placing cotton pads soaked
with the diet on the tops of the screened cages. Eggs dropped by females
fall through the screened bottom of the cages onto a wet cotion pad covered
with cloth. The eggs are washed from the pad, measured in a graduated
tube (about 8000 eggs per cm?), and then transferred to the larval rearing
medium which consists of the following:

Parts by wi (g)

Ground sugar cane pulp 2686
Whole wheat flour 48
Fish meal {60% protein) 36
Sodium bicarbonate (baking soda) 6
Faeces (from bovine fed only alfalfa) 545
Distilled water 1300

The dry ingredients are mixed, the faeces and water are blended together
in a slurry, and the slurry is thoroughly hand-mixed into the dry ingredients.
{About 450 g of this medium is required {o produce 1000 pupae.} Six days
after egging, the pupae are separated from the larval medium by flotation
and dried in a rotary-drum dryer [12]. Adulis are allowed to emerge
directly into holding cages. Larvae are maintained at a room temperature
of 80°F; pupae and adults are held at 90°F and 50-55% relative humidity.

Using these methods, we maintain a breeding colony of about 21 000
adults so that an excess of 120 000 adults per week is available for research
purposes. Moreover, it ig estimated that, with the present facilities, a
maximum colony of 63 000 breeding adults could be maintained which would
supply in excess of 350000 adults per week for a sterile-male release
program at a cost of about $1.00 per 1000 flies,

Thus, during periode of peak production, the present techniques will
supply large numhbers of horn flies, and capacity appears fo be limited
only by available space and labour, However, several problems must be
golved before a sufficient numher of flies could be produced consistently,
a necessity for a sterile-male release program.

For example, the reproductive capacity of the colony flies mnst be
improved. At present, the average number of eggs per female per day
is about 8, though female horn flies have the capacity to mature an average
of 20 eggs at a time and to lay as many as 14 at one time in the field [13].
Because the first laboratory-reared horn flies did not produce eggs until
antibiotics were added to the blood diet, other improvements in adult
nutrition might result in a further increase in egg production. However,
the role that antibiotics play in the blood diet is not clearly understiood.
In a preliminary study, no difference could be detected in either adult
longevity or egg production when flies fed blood diets containing anti-
biotics were compared with flies fed untreated diets, Through selection
pressure in the laboratory, the eolony flies may have developed resistance
to the micro-organisms in the blood diet or have become otherwise adapted.
If there is a nutritional deficiency, it may manifest {iself only after several
generations of feeding on untreated blood,

Larval rearing efficiency must alsc be improved. At present, only
about 25% of the eggs that are planied on larval medium produce adult
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flies. The egg hatch averages about 60%, and adult emergence from the
pupae zbout 80%., Therefore, though it would, of course, be desirable
to increase egg hatch and adult emergence, the major problem appears
to be the survival of larvae; only about 30% of the eggs planted reach the
pupal stage. Harris et al.[9] reported that larvae could he reared satis-
factorily in a medium containing no bovine faeces, but results of attempts
to rear larvae in the large-scale colony on the mediam without faeces
have generally been unsatisfactory, Production is low, the pupae are
comparatively small, and the results are generally highly variable, In
the laboratory colony, pure faeces have proved superior to the artificial
medium alone, but the hest results in mass rearing have been obtained
with a combination of artificial medium plus faeces. Studies indicate that
the artificial medium undergoes decomposition, which results in a tempera-
ture cycle with a relatively high peak (40- 44°C), but when the medium
contains faeces, the temperature begins to rise about 10 h earlier, and the
peak iz about 6 deg C lower. Pure faeces do not exhibit such a rise in
temperature. Also, Pseudomonas spp., characterized by the presence of
a green pigment, readily develop in artificial medium that does not contain
faeces, and these bacteria completely inhibit development of horn fly
larvae. However, the detrimental effects of Pseudomonas appear to be
reduced by the addition of faeces, Studies are therefore being made to
determine the eifect on larval development of temperature, micro-organisms,
decomposition products, and other factors associated with the artificial
medium. We are also attempting to determine what the larvae are feeding
on and how the faeces increase the quality of the artificial media. In
addition, efforts are being made to isolate micro-organisms that might
provide the essential nutrients for growth of horn fly larvae and at the
same time either eliminate the effect of detrimental micre-organisms,
such as Pseudomonas spp., or prevent their development in the media.
Another serious problem that has plagued the horn fly colony since
its beginning is the recurrence of sudden and unexplained dips in production
that usually occur during the winter months, During these periods, egg
production and hatch are usually low, adult longevity is reduced, and
mortality of larvae and pupae is high, In general, the colony seems to
suffer a loss of vigour. An apparently similar problem was encountered
in early attemptis to rear larvae of the house fly, Musca domestica L.,
in horse manure: it was impossible to maintain laboratory colonies from
mid-December to mid-April [5,14, 15}, In that case, the difficulty was
apparently resolved by adding autoclaved yeast cells to the horse manure,
which suggests a nutritional deficiency. Perhaps with horn flies, a physio-
logical change in the bovine host or in the microflora of the fieces during
the winter causes a nutritional deficiency in the larval stage which results
in & lJoss of vigour in the adults and a subseguent decrease in produetion.
Hopefully, improvements in the adult diet and in the larval rearing tech-
niques will result in an increase in reproductive capacity and overall
vigour of the flies,

2. STERILIZATION OF HORN FLIES

A basic requirement of the sterile-male technique is that irreversible
sterility be induced in the insect to be released without destroying mating
competitivenesas [156],



{AEA-SM-138/27 149

In studies at Kerrville, a %9Co source was used to treat horn fly
pupae with 2500 rad of gamma irradiation [17], When pupae were irradi-
ated at 102, 126, or 135 h after they began pupation, there was no detec-
table reduction in adult emergence or survival, males and females were
completely sterile (determined by egg hatch), and there was no recovery
of fertility, even after the 10th or 1lth day of aduli life,

In preliminary studies of competitiveness, when sterile colony males,
non-a&terile colony males, and non-sterile colony females were caged in
certain ratios, the number of sterile eggs laid by the females was about
one-half that expected. This result seems to indicate that the dese nsed
(2500 rad) seriously reduced the competitiveness of the sterile males [17].
Perhaps a lower dose level will help solve the problern., However,
currently available data indicate that about 1% of the eggs laid by un-
ireated females mating with males from pupae irradiated with 2000 rad
will be fertile [17]. Moreover, females from irradiated pupae mating
with normal males, though they were completely sterile when they began
producing eggs, recovered some fertility toward the end of the egging
period. If the lower dose of irradiation results in a highly competitive
gterile male, 2 low level of fertility might be tolerated in a release
program, but it will depend largely on the number of sterile males
necessary to produce a downward trend in the natural population and the
number of adult flies that can be economically tolerated onr cattle. Also,
with a low level of egg hatch {(reduced dose of irradiation), it is possible
that no progeny will develop.

Other studies at Kerrville have indicated that sterility can be in-
duced in horn flies by the use of chemosterilants, Topical applications
of 0.05% tepa to the adult flies or 5- 10 ppm fed in the adult diet produced
complete sterility in adults {1§]. However, the reduction in mating
competitiveness of the sterile males was similar to that observed in males
sterilized with gamma irradiation,

However, mating competitiveness might not he a problem if improve-
ments in the mass-rearing method resulted in a more vigorous colony
male, Probably the detrimental effects of irradiation are more severe
when the flies are naturally low in vigour at the time of treatment.

Meanwhile, studies of the emergence of aduli horn flieg from pupae
[19] have pointed to a simple way to separate the sexes for selective
irradiation, a desirahle objective. In this study, 61% of the flies that
emerged during the first day were females; 95% of those that emerged
the second day were males, If this pattern proves to he a consistent
characteristic of the colony flies, then the flies emerging first, primarily
females, could be returned to the colony, and the remaining pupae,
primarily males, could be irradiated for release,

3. FIELD BIOLOGY AND ECOLOGY

To implement a sferile-release program, we need as much information
as possible about the population dynamics of an insect pest species.
Especially, quantitative data on the density of the natural population -at
the low levels in the population cycle are needed, Also, rates of natural
increase must be known to provide a guide in determining the rate of
release necessary to overwhelm a natural population with sterile insects.
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TABLE J. EMERGENCE OF HORN FLIES AND OF ALL OTHER
INSECTS FROM UNDISTURBED MANURE PATS IN THE FIELD IN
CENTRAL TEXAS

Average number of inzects emerping per pat when pat

‘ was covered ar indicated rime after being dropped

Species 5 min 80 min 2h 4h 6h 24h
Horn fly 46.5 29.1 11.7 8.2 4,1 4.6
Qther insects T.4 20.4 23.3 28,7 46.6 41.7

We therefore initiated a field study in 1968 to determine how the ovi-
positional habits and production of the horn fly were affected by conditions
in central Texas (30° latitude, 99° longitude) [20], At various perieds
throughout the 24-h day, individual manure pats were covered with
emergence traps within 3 - 5 min of defaecation of the ho={ animals to
eliminate as many as possible of the parasites, predators, and other
arthropod species competing for space and food. By visual observations
and by subsequent adult emergence, we established that the horn fly
females oviposited at any time during a 24-h day if fresh faeces were
present. In these studies, the average production of horn flies per pat
ranged from 20.9 (08,.00-10.00 h) to 99.0 {02.00 - 04.00 k), and the
largest number of ilies collected from a single pat was 475, This,
then, wasa the reproductive potential of an individual manure pat. Similar
results were reported by Sanders and Dobgon [21]. Also, the potential
rate of production (obtzined from the average total production of horn
flieg from protected pats for 22 weeks during the peak period of production,
regardless of time of day} was 66.5 adults per pat, This rate may be less
in many regiong in the USA, but ir some it may be low. Also, it should
be emphasized that the averages indicate the production potential, not
actual production in the field, because the competitors were excluded,

Horn-fly production in more normal conditions was tested in 1968
by leaving freshly voided manure pats exposed for various periods and
then covering them with emergence traps [22]. Results, summarized
in Table I, indicate that during most of the daylight hours arthropod
competitors became established within the first 6 h after defdecation in
manure on which horn fly eggs were deposited,

We therefore devoted May to October of 1969 to a study to determine
the gross effects of competition on the actual production of horn flies
exposed to the same animal hosts in the same test area, Manure patg
0- 24 h old were marked and left exposed to the environment for 7 days.
After 7 days, the pats were covered with emergence traps, and flies were
collected as in 1968, The patterns of production were similar to those
noted in the 1968 pilot study. Also, gross competition did play an im-
portant rele: it reduced the production of horn flies almost 10-fold,

The average production in 1869 wasg 6,64 flies per pat compared with
66,75 flies per pat in 1968 when competition was eliminated.
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TABLE II. AVERAGE EMERGENCE OF HORN FLIES FROM UN-
DISTURBED MANURE PATS AND ESTIMATED NUMBER OF FLIES
PER ANIMAL IN THE FIELD IN CENTRAL TEXAS

Average number of flies

Month Range per pat Range per animal
1969

quue 0.8 - 2.7 -

July 1.2 430
August 3.2 ~18.7 980 - 1000
September 1.1-33.5 1000 - 14280
October 0.3- L1 300 - 1000
November 0-0.1 50 - 500
December 0-0.3 25- 15
1870

January a - 1
Februagy 0-01 0« 15
Mazch 0.1 20~ 90
April 0.1-1.1 100 - 1000
May i-11 650

4. POSSIBLE APPLICATIONS

Efforts to estimate numbers of adult horn flies on host animals have
heen, for the most part, unsatisfaciory because when the numbers exceed
200 - 300 per animal, if becomes althost impossible fo make accurate counts,
However, if the number of horn flies emerging from manure pats can be
used as an estimate of the trend of natural populations, the data from field
studies indicate that } January to 1 April is the lowest peint in the natural
population cycle in the south Texas study area (Table II). Therefore, any
large-scale program in which sterile males are used to atiack the horn-fly
population in this area should be initiated during this 3-month period.

With conditions such as those in the study area where emergence of
adult flies was apparently reduced to zero in January, a sterile-male
release of 5 - 10 flies per animal begun 1 January and continued throughout
the winter and spring might eliminate the normal build-up of adult horn
flies on the animals. Then, even if low-level releases were required
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TABLE III. HYPOTHETICAIL MODEL

Theoretical number of aduit hore flies per 100 cattle
per day in south Texas study area

Generation

Number of Ratio of sterile Number of
. Number of ; : :
fertile flies® sterile flies to fertile flies
released flies repeoducing
Parent 2000 18000 a:1 200
P 1000 18000 18:1 53
F; 265 18000 88:1 4
Fg 20 18 000 0051 [t}

aAuuming an initial average emergence of 2 flies per pat per day from 1000 pats.

throughout the summer, the numbers necessary would probably not be
detrimental to the cattle, In other geographical areas, where winter
emergence would probably not be reduced to zero, it would probably be
hecessary to utilize an integrated approach. For example, if, at the low
point ef the population cyecle, there were as many as 2 flies per pat
emerging daily, we could use this number to estimate the number of sterile
flies that would have to be released during a given period. It has been ob-
served that cattle defaecate an average of 10-12 times per 24-h period.
Assuming 10 defaecations perday per cow, a herd of 100 cattle in an iso-
lated situation and an average 2 flies per pat, an average 2000 adults should
be added to the natural population of the area each day.

It was estimated by Knipling [16) that a 5-fold increase per generation
is a valid estimate for most well-established insect species. Actually,
because of the limited number of breeding sites available to the horn fly,
which oviposits only on freshly dropped faeces, the natural rate of in-
crease of this species may be less than that, However, with an assumed
5-fold rate of increase, the hypothetical model shown in Table 11 can be
constructed based on the theories proposed by Knipling [16]. “According
to the model, when 90% of the population of the first generation consists
of sterile flies, the population would theoretically begin a downward trend
and weould be eliminated by the Fy; generation,

The release of 18 000 flies per day (an average 180 per animal) for
only a day or two would obvicusly result in a population of sterile flies on
the cattle which would far surpass numbers that are usually considered
damaging. Therefore, sustained releases at this level would ceriainly
be unacceptable to caitle producers. Perhaps the natural rate of increase
will be found fo be less than 5-fold, in which instance fewer sterile flies
would be required. Or, if the procedure for selectively sterilizing males
(discussed in section 2} proves practical, fewer iotal sterile flies would
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be required. For example, if 90% of the sterile flies were males, only
10000 per day rather than 18 000 would have {0 be released to obtain the
desired 89:1 ratio, However, if the estimated emergence of 2 flies per
manutre pat per day were occurring when the releases were begun, then
the natural population would apparently have to be reduced through con-
ventional means before releases would be practical,

One characteristic that makes the horn fly especially suited to an
integrated program is its susceptibility to control with insecticides.
Many of those that are available for use can reduce the number of adult
horn flies to levels that are essentially undetectiable. Therefore, if a
herd is iscolated so that no flies can migrate into the area, elimination of
horn flies from the herd might be possible with insecticides alone. This
level of control can probably be achieved quite economically with a
maximum of 2- 4 applications made at 10- to 14-day intervals, even if
the population was high, Therefore, at almost any time of the year, we
should be able to suppress horn-f{ly populations to low enough levels so
that a sterile-male release program could be initiated. (Insecticides
would also be very effective ag an emergency control in the event of a
temperary lapse in a release program.)

One peossibility might be the simultaneous use of an insecticide to
reduce the natural population and the release of sterile insects that are
highly resistant to that inseciicide. For example, a laboratory strain of
horn flies is at present being maintained ai the Kerrville laboratory which
exhibits more than a 400X resistance io ronnel [23]). Then, from the
hypothetical model, if ronnel were used to reduce the number of adults
on the herd of 100 cattle by 90% and if ronnel-resistant sterile flies were
released at the same time, the number of sterile flies required wouid
drop from 18000 per day (180 per animal) to 1800 (18 flies per animal
per day), a rate that would be much more realistic from the standpoint
of damage to the cattle.

The application of two or more praperly timed treatments with
ingecticide to cattle in late summer and early fall might result in an
even more efficient integrated control pregram, Studies indicate that
diapause in horn flies is controlled by an interaction between the effect
of photoperiod on the adult fly and the effect of temperature during sub-
gequent larval development [24, 25], Therefore, adults found on the catile
in the late autumn are apparently the parents of the diapausing generation(s)
responsible for the spring build-up in areas where diapause is necessary
for survival over the winter, Then the usge of ingecticides to control the
adulis found on catile in auturnn would probably severely reduce, if not
eliminate, the overwintering populdtion. In southern areas of the horn fly
range where some emergence cccurs throughout the year, sterile flies
coild be released at low level (2 -5 per animal per day) throughout the
winter and gpring months to eliminate the few remaining flies. In the
northern regions, releases of sterile flies might not he necessary until
early spring just before the beginning of emergence of the native flies,
Even if total eradication of the flies in an area could not be accomplished,
a sustained low-level release of sterile flies throughout the year might
keep the native population in check, once it had been suppressed o a low
level by conventional means, The constant presence of 25 - 50 sterile horn
flies on animals throughout the year would probably not be detrimental.
Also, this type of constant pressure on the native population might cost
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no more than ig presently being spent on conventional control which is
much less efficient,

The introduction of biological control agents might also play an im-
portant role in an integrated conirol program. Although we cannot yet
be specific about which species are the most important, the field trials
mentioned in section 3 demonstrated clearly that competition plays an
important part in the number of horn flies produced in manure pats. If
the native competitor species causes a 10-fold reduction, an introduced
species might cause a greater reduction and could thus greatly facilitate
the chemical and/or sterile-release program. The possibility of intro-
ducing African species of dung beetles (Scarabaeidae) into the USA is
therefore being investigated. Such an introduced species could desiroy
the manure pats and cause a significant additional reduction in the popu-
lations of horn flies [28],

5. OTHER FACTORS ASSOCIATED WITH HORN FLY STERILE-RELEASE
PROGRAM

In the hypothetical model discussed, isoclation of the host animals
was agsumed, but we lack knowledge about the migration of flies from
adjacent areas or herds, This lack makes it difficult to estimate the
number of sterile males needed in larger releases. Some efforts have
been made to determine the pattern of movement of horn flies [27-29],
but little is actually known, Possibly the newly emerged fly migrates
extensively in search of its initizl host (animal-to-animal migration
within herds would be normal because the animals come in close proximity
to each other), but, unless the flies become overcrowded, there is no need
for movement because the animal provides the horn fly with its food supply
and oviposition medium, This behaviour is an advantage to the sterile-male
release of horn flies since one prerequisite of a successful program is the
easgy location by the male of its female pariner, Because the horn fly is an
obligate, host-specific parasite on cattle and remains there day and night,
no extensive searching for the female is needed once the sterile male
has found its host — the female will also be there,

Certainly, the release of bloodsucking parasites, sterile or not, will
add fo the annoyance and desgiruction caused by the native population, How-
ever, if integrated programs are used, this added annoyance should not
pose an important problem. Indeed, if an integrated sterile-release pro-
gram were effective, the number of naturally occurring flies would be
so reduced that the total population, including sterile flies, wduld probably
be lower than the normal population, especially in the southern areas of the
USA.

It has been suggested that with successful control or eradication of a
species, another species might increase to fill the vacated ecological niche
[30]. However, the only other catile parasite that might possibly become
a problem would be the face fly, Musca autumnalis De Geer, which also
breeds in cattle manure on the range. The extent of competition of the
horn fly with the face fly in areas where both species occur ig unknown,

The horn fly does not appear to be isolated in its range, either by
topography or climate. Therefore, the eventual eradication of this pest
from North and Central America would require a highly co-ordinated
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international effort. We are confident, however, that many of the prohlems
of population dynamics and mass rearing can be solved. Increased efficiency
should allow vus to produce horn flies at a cost below the present $1,00 per
1006, but even if this cost could not be reduced, the use of sterile flies
during the final stages of an integrated program might be less expensive

and more efficient than insecticides as a method of eliminating the few
remaining ingects [16]. In addition, an integrated eradication program
similar to that suggested would, in the long run, be much more economical
than the present conventional methods being used.
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DISCUSSION

L.E. LaCHANCE: The program outlined by Mr.Kunz for the control
of the hern fly ig indeed most intriguing, 1 would ceriainly foresee a high
probability of success, I would, however, have considerahie regervations
about using a combination of gamma rays and chemosterilant to produce
a competitive sterile fly; I believe all possible modifications of irradiation
alone or chernical treatment alone should be considered, such as irradi-
ation in nitrogen as described by Mr.Hooper in his paper (IAEA-SM-138/45),
There are also many other modifications of radiation treatment which
might increase male competitiveness,

5.E. KUNZ: I would agree with your observations, As was pointed out
several times in Sessions I and II, we may be hetter off by accepting a
sterility of something less than 100% if we can provide a fly that is more
competitive,

It may also be that if we can develop a colony of flies more vigorous
than the present one, we will have a higher degree of competitiveness
when flies are treated at the doges mentioned,

J. W, WRIGHT {Chalirman): Has anything been done to introduce
genetic factors into the laboratory colony of horn fly which would perhaps
give it more competitiveness and activity, as has been done in the case
of other insects?

5.E. KUNZ: Yes, studies are being conducted now in which wild flies
are being intreduced into the colony. I do not, however, have any results
of these studies to pass on at the moment.

C.T. LEWIS: In Texas, to what extent are dung beetles a factor in
limiting the population of horn flies by breaking down the manure pats
before the larvae can develop?

Alsgo, can you comment further on the possible value of introduced
species? *

5.,E. KUNZ: The competition of all other species inhabiting the
manure pat is apparently responsible for about a tenfold decrease, as
measured by the emergence of flies from pats left exposed to the en-
vironment and thoge that were protected from these competing species.
What pari the native dung beetles play is not known.

The native dung beetles inhabit the mamure, but they do not break up
the pat as do the African species being used in Australia to help control
the buffalo fly.

If the species being considered for introduction are going to act as
they do in Australia, they should greatly reduce horn fly production, as
these beetles completely break up the manure pat, making it unsuitable
for horn fly development,
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Abstract

STERILITY AND CHAGAS" DISEASE VECTOR CONTROL.

A review is made of resulty obtained from the application of ionizing radiations and chemosterilants
in lahoratory studies related to the control of Rhodntus prolixus (Sedl) in Venezuela. This vector of
Chagas’ disease was chosen not only by it locel imporrance but also because i ecological characterisiics
were considered appropriate for the sterile-male technique,

Because of the damage caused by the radiation required for complete sterility the use of both X- and
gamma-radiations failed to produce sterile males able to compete with nortnal ones. However, males exposed
to & dose causing 75% sterility had thelr activity increased and mortality among progeny from normal females,
mated with ircadiated males, was significantly higher than in normal nymphs. These males were tested at
varying ratios to nornal males in the laboratory a2nd in all cases the initia) group ferrility reduction was
followed by a recavery.

Simjlar tests with chemosterilants produced less undesirable resuits but tecovery of fertility and
certain manipunlation difficnlties indicate rhat the release of laboratory-treated males in the field would
ke unfeasible. The same results, though, suggested another approach based on the direct use of chemo~
sterilants within houses infested by vectors of Chagas' disease, Although the work is still at an experimental
stage, preliminary results from laboratory studies indicate that chemosterilants placed in 2 container to
preveni human contact could provide an affective contzol method not enly for Rhodnius prelixus but
for other house-infesting vectors,

INTRODUCTION

Chagas' disease has been the subject of considerable attention in the
neo-tropical region., Its pathogen, Trypanosoma cruzi, a protozean with
reservoirs in mammals, is mainly transmitted by Reduviidae bugs and
may ultimately invade myocardium cells., An indication of the disease's
importance as a public health hazard can be obtained from data gathered
in Venezuela indicating that about 4% of the population shows electiro-
cardiographic signs of heart damage specific to this disease.

At present there is no practical means of treating the disease and
the main preventive effort ie directed towards the elimination or control
of vectors responsible for the human infection.

In Venezuela Rhodnius prolixus (St41) is paramount in this role, It
has three known habitats: certain palm irees, bird nests and human
dwellings of the more primitive kinds, Currenily applied control measures
include the uge of insecticides and the execution of rural housing programs.
The high cost of both measures, R. prolixus being resistant toc most
inexpensive insecticides, has made imperative intensive biological and
ecological studies of the vector in search of new or improved control
methods, .

157
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The effect of induced sterility in males has been included in thege
studies and this paper reviews and compares results obtained from the
application of ionizing radiations [ 1, 2] and metepa, tris 1-(2-methyl-
aziridinyl) phosphine oxide, the first of a series of chemosterilants pro-
grammed to be tested [ 3].

MATERIAL AND METHODS

The insects used came from colonies kept according to standard
local procedures [ 4] where adult output is of equal morphological develap-
ment and physiological age and thus biologically comparable. Samples,
varying in size depending on the parameter studied, were kept in 3900-ml
glass jars at a constant temperature of 28 £ 1°C and a relative humidity
ranging from 52 to 70%. Hen blood was used as food and a feeding oppor-
tunity of two hours per jar was given every 14 days. Sexes were separated
during the fifth nymphal stage fo prevent unprogrammed matings. Except
for tests f{o determine effects caused by alternating the sequence of feeding
and sterilization, insects were exposed to radiations or metepa after
feeding and emergence to adult. Other morphological stages were pre-
viously tested but resultas were discouraging [ 1, 5},

Two sources of ionizing radiations were used: A 200-kW 20-mA
X-ray emitter [ 1] and a %o 50¢-Ci unit for gamma radiation [ 2]. Dosage
was measured by ionizing chamber and chemical means, Metepa was
applied in an acetone solution on the thorax by a microdosifier [ 31,

Fertility, oviposition and longevity were determined by daily and
weekly direct observations. Male mating frequency was measured by
tests consisting of ten pairs, male and virgin female, placed in individual
containers, and by obsgerving, directly and by egg fertilization, the number
of matings in one hour, and the time required to complete each mating.

Relative activity was determined by direct observation of the insect!'s
movement and by the use of a photo-cell counting device,!

Mating competitiveness of treated males, when challenged by the
presence of normal males, was evaluaied by observing the percentage
of eggs hatching from jars containing normal males:treated males:normal
females in ratios: 10:0:10, £:1:10, 7:3:10, 5:5:10, 3:7:10, 1:8:10 and 0;10:10.

A comparison was then made of chserved and expected values. Expected
values were graphically calculated by drawing a straight line connecting
the observed hatching percentage from jars containing only normal males
{10:0:10% to that from jare with only treated males (0:10:10) and using
ag a baseline a scale proportional to the ratios,

The connecting stralght line was assumed to represent the expected
perceniage of eggs hatching at any normal male:treated male ratios if
both were equally competitive, Values above the connecting line indicate
more eggs hatching than expected, and thus a dominance by normal males,
and values below the line indicate greater influence by treated males.

The effect of time was noted by repeating tests every 2 weeks using
the same treated specimens,

! Throughout this paper the wowl " activity' is used in the sense given here, except in the term
¥ mating activity*.
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TABLE I. EFFECTS OF IONIZING RADIATION ON MALE R. prolixus

Faramete: Comrol 2.5 miz:% mdiml(gt t{)km 20,0 40,0
% Pectility 51.1 bg.0 30,5 7.9 0.8 0.4
Induced oviposition: eggs/female/wk 10,8 14.4 14.3 13.4 2.8 -
7: Males mating in one hour 40,0 - 60,0 50,0 - -
Relative activity 100 108 113 81 21 0
Mean longevity ( days) 117 98 98 58 36 i1
% F; mymphkal mortality 45.2 83,8 2.4 91.5 - -
Relative mating competitiveness
1:1 ratio treated male : normal male
% Hatching:  Expected value 92.0 4.5 64.1 51.0 - -
Ohserved value 92,0 T8.1 68.3 56.4 - -
Difference 0.0 +3.6 +4.2 +5.4 - -

All control groups were similarly handled and kept as the tegt groups.
The significance of the differences was checked by chi-square and T-distri-
bution tests and based on a 5% level,

More detailed descriptions of material and methods are given in the
references,

RESULTS

Although tests with male R. prolixus exposed to ¢ither X- or gamma-
radiation produced similar results, a not significant trend in fertility,
activity and lengevity changes suggested that X-radiation caused greater
damage than gamma-radiation for the same level of sterility [ 2].

A summary of mean values obtained through the use of both radiations
is given in Table I and Fig,1 and except for those related to longevity they
represent the average effects observed during a 4-week post-irradiation
period; this being longer than the exﬁected adult R. prolixus survival in
the field [ 6], h

Exposure to 20 kR inhibited almost all fertility and to 40 kR produced
completely sterile but, because of excessive damage, non-functional
males. Irradiation before feeding caused more relative sterility but also
more unwanted damage,

Specimens not fed after exposure to 10 or more kR survived longer
than those fed regularly after similar irradiation, Sterility increased in
direect relation to the humber of matings accomplished,

Induced oviposition, resulting from normal females mated to irradiated
males, was inereaged by exposures up to 10 kR and inhibited by more
radlation. Insect activity and mating frequency followed a similar pattern,
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FIG.1. Effects of lonizing radiations and metepa on R. prolixns.

but generally the mating process lasted longer in irradiated males —
twice as long at 10 kR — than in normal contreols. Longevity was sig-
nificantly reduced by exposures exceeding 5 kR.

In all cases sierility increased with time at an average weekly rate
of 8% for X- and 5% for gamma-radiation; but this was associated with
decreaged activity and increased mortality,

A residual effect of radiation was noted in nymphs descendent from
irradiated males and normal females, Nyrmphal mortality, accumulative
throughout the f{ive morphological stages, increased according to male
parent exposure and was double that of controls at 10 kR,

A lower or higher exposures produced less favourable results,
either because of insufficlent sterility or excessive radiation damage,
mating competitiveness values are given only for the groups exposed to
5 and 10 kR. Differences between obhserved and expected percentage of
egge hatching at a 5:5:10 ratio are shown in Table I and results from all
ratios in Fig.2., The similarity of the observed to the expected values sug-
gests that males exposed to 5 kil are more competitive than those exposed
to 10 kR although the latter, being less fertile, are capable of a more
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FIG.2, Comparative competitiveness of sterile male R. prolixus,

marked percent hatch reduction, At the end of the 4 weeks of aobaervation
average percentage of eggs hatching in the two competitiveness tests was
20% greater than at the start but the sterility of irradiated males also
inereased 20% during the same perfod.

Results from preliminary studies of male R. prolixus sterilization by
metepa are given in Table I and Fig.l. Since ‘metepa was diluted in
acetone, normal males and males treated with acetone alone were com-
pared to determine any significant difference and none was found.

Complete sterility was approached with 0.10 mg of metepa per male
and induced ovipoeition became significantly lower with larger doses.
Male mating frequency increased proportionally with doses up to 0.10 mg
but was inhibited by larger ones. Activity progressively increased in
direct proportion io dosage.,

Contact with metepa adversely affected longevity but ite reduction
wag significant only in specimens treated with 0.40 mg.
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TABLE II, EFFECTS OF METEPA ON MALE R, prolixus

Metepa dose (mng):

Faramerer Control 0.05  0.10 0.20  0.40
P Fertility 22.5 11.7 1.2 0.0 0.0
Induced oviposition: eggs/femalefwk 11.4 12.0 LS PR 5.4 5.0
% Males mating in one hour 40 57 76 43 34
Relative activity 100 109 128 140 202
Mean longeviry {days) 73.0 74.5 7¢.0 61.0 45.5
Relative macing competitiveness
1:1 ratio treated male: normal male
% Hatching:  Expected value 90. ¢ - 45.0 45,9 -
Observed value 90.0 - 67.0 62.0 -
Difference 0.0 - #2.0 +17.0 -

Male competitiveness (Table II and Fig.2) was adequate only with
0.10 and 0.20 mg treatments, Lower doses did not sufficiently reduce
fertility and higher ones inhibited mating.

Fertility recovered at a general average weekly rate of 3% but males
treated with 0.10 mg or less were again fully fertile 5 weeks after treat-
ment, On the other hand the eviposition inhibition caused by treated
males on normal females remained throughout the 11 weeks of chserva-
tion.

The increase in mating frequency noted during the first 4 weeks after
treatment subsided after b weeks and became half the control value at
the end of 11 weeks,

The sequence of treatment in relation to feeding and variation in
insect age produced no significant differences in the results.

DISCUSSION

Effects of ionizing radiations on male R. prolixus were characterizeéd
by the inhibition of fertility and longevity in direct proportion to exposure,
and by changes in the insect's activity., Fertility was furthermore reduced
by the number of matings and time elapsed after exposure; this suggests
that radiation, besides the effect onthe whole organism, acted on the
reproductive system by affecting mainly spermatogonia and not spermato-—
zoa, This assumption was verified by the observation, shorily after
irradiation, of damaged apex germ cells coinciding with apparently
normal active spermatozoa in specimens expoged to 10 and 20 kR, and
the disappearance of that activity with time and consecutive matings [ 1, 2].

Evaluation of fertility changes requires caution since inhibition of
mating capability may be mistaken for sterility. However, in R, prolixus,
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where by mating the male stimulates female oviposition, the number of
egges deposited during a fixed time period is a guitable indicator of suc-
cessful copulation., The observed rise in induced oviposition caused by
males exposed to 2.5, 5.0 and 10.0 kR was in accord with the similar rise in
mating frequency, and with the increase in activity observed in those males.
Consequently, since the low fertility of males exposed to 20 and 40 kR coin-~
cided with alow capacity toinduce oviposition, it was assumed that instead

of actual sterility what the results reflected was mainly a loss of mating
capability., This was supported by the lack of activity noticed in those
males, The correlation between induced oviposition, mating frequency,

and activity resulting from exposing males to 2.5 and 5 kR could have
suggested that mating frequency was stimulated by the increase of activity,
which favours the chances of both sexes meeting, However, since males
exposed to 10 kR showed a higher frequency of mating but less activity

than the controls, changes in these two parameters were probably some-
what independent manifestations of an overall physiological stimulus,
increasingly triggered by exposures up to 5 kR and continuing from 5 to

10 kR but then subdued by the damage from higher exposures,

Longevity was greater in R, prolixus fed routinely after irradiation;
however, when exposure exceeded 10 kR, specimens kept starved sur-
vived longer, This may have been motivated by the increase in cellular
activity produced in R, prolixus by feeding [ 7] and that this activity in
turn makes evident latent cell damage [ 8], Thus the appearance of the
excessive damage produced by exposures to 10 or more kR, was accelerated
in fed specimens and caused them to die earlier than starved ones, The
same procesg could have been responsible for the gignificantly greater
sterility noted in males fed after irradiation when compared to those fed
bhefore it [ 2],

Mortality in descendants from irradiated males was high in the 2.5
to 10 kR groups and complete in the one exposed to 20 kR. Death usually
occurred during hatching and was characterized by the nymphs' inability
to emerge through the operculum,

Concerning the results from irradiated male - normal male mating
competitiveness tests, males exposed to 10 kR reduced the percentage of
eggs hatching more than those subjected to the other exposures usged in the
study, However, males exposed fto b kR, although less sterile, did not
have their activity and longevity so adversely affected and were able o
compete more efficiently with normal males,

Regarding the metepa tests [3], anindividual dose of 0. 10 mg caused
almost complete sterility in adult male R. prolixus. However, fertility
started to recover 5 weeks after tredtment and although larger doses
retarded this recovery it was at the expense of more unwanted damage
to the insect,

Metepa's action apparently was directed mainly towards the spermato-
zoa and if the gonads were also affected it was in a reversible manner,

The effect of induced oviposition probahly was caused by two different
actions: by inhibition of mating frequency as noted in males treated with
0.40 mg and by the possibility of metepa being carried in the sperm and
thereby affecting the normal female' s gonads in a similar manner as in
metepa-treated house flies [9], Thisg was suggested by the inconsistency
of normal mating activity along with the significantly lower induced ovi-
position observed in 0,20-mg-treated males.
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Mating frequency followed the increase in activity up to and including
a dose of 0.10 mg. With higher doses activity continued it8 inerease but
mating frequency declined. Insects treated with 0,40 mg showed a marked
restlessness and apparently this interfered to some extent with mating,
This effect of metepa on the behaviour of R. prolixus indicated that it
may have acted as an activity stimulant proportional to the dose applied,

Longevity was significantly reduced only in the group treated with
0.40 mg of metepa, but the inasects remained active untl death,

Results from mating competitiveness tests showed males treated with doses
of 0.10and 0.20 mg to be the most successful in reducing the percentage
of eggs hatching, but they were not equally competitive with the untreated
males. Comparison of the two groups indicated that those treated with
0.10 mg, although ag sterile as and more sexually active than the 0.20 mg
group, were the less efficient in affecting reproduction, The difference
could have been motivated by the faster recovery of fertility in the 0.10 mg
group and by the agsumed passing of metepa to the female by males
treated with 0.20 mg, If thie actually oceurred, then males from the 0.20 mg
groups had the added advantage of neutralizing, by the damage caused to
the female' s reproductive system, any subsequent mating with normal
males,

Comparing results from the ionizing radiation test with those from
the metepa tests (Fig.l) i could be concluded, from all parameters
studied, that metepa is the most suitable for R. prolixus sterilization.
The main differences between the two agents were found not o much in
the results ag in the means of causing them. Metepa-induced sterilization,
apparently by affecting mainly the spermatozoa, was revergible and generally
the effects were confined to the reproductive system, thus causing less
damage to the insect. Conversely, ionizing radiations, by affecting mainly
the spermatogenesgis, caused an irreversible sterility which augmented
with time; effects were also generalized and greater damage was inflicted
upon the insect. Theobservations with regard to the difference in the
extent of damage are supporied by the effects on longevity and by the
influence that the sequence of feeding and irradiation had on the results
from icnizing radiations but not on those from the metepa tests.

Differences in the relationship between induced oviposition, mating
frequency and activity suggest that although up to a treatment level results
were similar, mefepa and ionizing radiations acted in a different manner.
Both promoted frequency of mating at lower doses and then hindered it
with higher onee: ionizing radiations hindered it by general damage and
immgbility, and metepa apparently hindered it by excessive activity,

Induced oviposition in the groups exposed to radiation was related
to mating frequency, as in normal R. prolixus, and the female's egg-
producing capacity was not affected by the male's exposure to radiations,
Induced oviposition, in the metepa groups treated with 0,20 mg or more,
lost its correlation to mating frequency and the normal female was irrever=-
gibly affected by the male's treatment,

The advantage of metepa over jonizing radiations, as a means for
applying the sterile-male technique to R. prolixus control, diminishes
when a comparison is made of the response of the respectively treated
males to the presence of normal males (Fig.2). Although males treated
with 0.20 mg of metepa, by being completely sterile, were able to reduce
the percentage of eggs hatehing to a lower level than males exposed to
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10 kR, the latter produced results nearer to those expected, indicating
better competitiveness, That males exposed to 10 kR were more efficient
competitors than malee treated with 0.20 mg of metepa could have resulted
from a shorter time required for mating, irreversible sterility and lack

of excessive restlessness, Although from the studies it was concluded

that neither sterilizing agent could be successfully used for the application
of the sterile-male technique to R. prolixus control, certain characteristics
of metepa suggested the possibility of another approach based on the
placement of the sterilizing agent in special containers to avoid human

and other vertebrate contact, within houses infested by R. prolixus [10].
Preliminary laboratory tests using metepa-impregnatedﬂplastic strips

have given results which indicate that a short contact with strips dipped

in a 25% solution sterilized both nymphs and adulis, and also that metepa
acts ag a slight attractant to R. prolixus, Field trials were made in
houses, with varying degreeé—of infestation, to determine the probability

of any individual R. prolixus passing through a strip container i11], and
results gave the probability of sterilization of all R. prolixus in a house

ag approaching 1.0 during a period of 29 days. Since R, prolixus needs

a minimum of 83 days {o complete its life cycle, the 28-day period theo-
retically implied that no R. prolixus could complete its life cycle without
coming into contact with the sterilant, Because they tend to repel R. prolixus
common insecticides if uged in this method would prolong the period required
for "P" to approach 1.0,

Although the studies reviewed did not produce favourable results in
relation to the sterile-male technique, they did promote intensive research
programsd dealing with the biology and ecology of R. prelixus and other
vectorsa of Chagas' disease, Furthermore the experiments with chemical
sterilants have opened up new possibilities for control of these vectors
and have also stimulated the search for general attractants and more
persistent sterilizing agents for use in the future work.
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DISCUSSION

R.U. CARCAVALLQC: Just to ensure that we are applying the same
ceriteria, might I agk you how you define 'sterility' and ‘recovery of fertility'?

J.C. GOMEZ-NUNEZ: Sterility was taken to be the elimination of
eclosion from eggs produced by females mated with treated males. Recovery
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was signified by the accurrence of eclosion from the eggs of females mated
subsequently with these males.

R.C. CARCAVALLO: As it is perhaps interesting to compare
Rhodnius prolixus and Triatoma infestans, I should like to mention that
bugs of the latter species move their antennae before copulation and before
eating, but we have not established whether this behaviour is affected by
the presence of the other sex.

The greater activity of Triatoma infestans and the greater number of
matings could be due to stimulus of the interstitial cells of the testicle.

J.C. GOMEZ-NGNEZ: We have found that the movement of the
antennae of Rhodnius prolixus is specifically related to the presence of
the opposite sex.

K.S. RAL: What is the possible explanation for the increased mating
ability per hour and the increased activity that you observed in both
irradiated and chemically treated insects?

J.C. GOMEZ-NONEZ: We do not have any specific data with respect
to chemically treated specimens at the moment. However, the activity
increase in irradiated Rhodnius prolixus up to a certain exposgure dose
is apparently the result of a general physiological stimulus generated
at cell level. Oxygen consumption by irradiated immobilized specimens
follows the same pattern as the activity changes,

RACHEL GALUN: Seeing that the treated, released male will feed
on humans, why do you consider that this insect should be controlled by
the sterile-male technique?

J.c. cOMEZ-NONEZ: No household release was contemplated: the
technique could have been applied in infested areas remote from human
dwellings.

RACHEL GALUN: Did you try to rear this insect by artificial
feeding?

J.C. GOMEZ-NUNEZ: Yes, but results were not satisfactory.

D.G. CAMPION: We have also found that there is increased mating
of the moth Diparopsis castanéa after the application of certain chemo-
sterilants. This was associated with increased levels of catecholamines,
a major component of whieh was noradrenaline,

D.W. WALKER: What are the specific courtship signals of this
species? Can they be used to attract males in a natural habitat?

I.C. GOMEZ-NUNEZ: I think Mr. Baldwin has more experience
in this subject than I.

W.F. BALDWIN: In answer to Mr. Walker's question, we have not
been able, in studies of sexual pheromones in Rhodnius prolixus, to
detect any signs of sexual excitement in the male insects, If'is always
possible to induce mating by shaking a fed male with a fed female in a
vial, but males do not react to the presence of a female, other than by
the act of mating.

I should like to put a question of my own, if I may. Dr. Gémez-
Nifiez has stated that in houses all Rhodnius prolixus can be expected
to come in contact with a chemosterilant at some time during their life
cycle. My question is: will a sterile adult male result from contact of
the insect with the chemosterilant during the second or third instar
stage of development?

J.C. GOMEZ-NUNEZ: The doses currently administered may even
cause death in the early nymphal stages.
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WHO program

R. PAL: I should like to take this opportunity to deseribe very
briefly the World Health Organization program of work on the genetic
control of ingects of importance from a public health point of view. Before
I mention the actual work in progress I shall outline how this program is
heing conduected by WHO.

WHO estahlished its own field research units, and one of them, located
at New Delhi, is responsible for carrying out work on the genetic contral
of Culex pipiens fatigans Wiedemann, Aedes aegypti and Anopheles
stephensi, This unit is working in very close co-operation with the WHO

International Reference Centres and collaborating laboratories.

WHO has established four International Reference Centres, concerned
respectively with work on Culex pipiens fatigans Wiedernann (under the
direction of Professor Laven, Mainz, Germany), Aedes aegypti (under
the direction of Professors Craig and Rai, University of Notre Dame,
Indiana, USA), Anopheles (underthedirectionof Dr. Davidson, London, UK}
and house flies {under the direction of Professor Milani, Pavia, Italy).

I am happy to see that three of them are present at this Symposium
and will be telling you about their work themselves.

Then there are the collaborating laboratories and scientists. Their
activities include work on reduviid bugs, Simulium and ticks; I am pleased
to see Drs. Gomez-Nifiez, Carcavallo and Galun here.

Now let me say a few words about the actual work, Studies on the
following species are in various stages of completion:

Culex pipiens fatigans Wiedemann - Vector of filariasis

Aedes aegypti - Vector of arboviruses
Anopheleg gambiae - Chief malaria vector in Africa
Anopheleg stephensi - An jmportant malaria vector

in South-Fast Asia and the
Middle East

Tsetse flies - Vector of trypanosomiagis
Reduviid bugs - Chagas' disease
Simulium - Onchocercosis

Ticks - Relapsing fever.

Our major effort is being devoted to work on culicine mosquitoes.
WHO has established a large unit al Delhi in collaboration with the
United States Public Health Service and the Indian Council of Medical
Research. Three international and 20 Indian scientists of high standing
have been appointed. At its peak activity, the unit will empley about
180 persons and will have a budget of about 2.8 million dollars over
the 7-year period. The objective of the unit is to demonstrate the opera-
tional and economic feasibility of the geneiic control of Culex pipiens fatigans
Wiedemann and Aedes aegypti by employing any of the known genetic mech-
anisms, i.e. the sterile-male technique, cytoplasmic incompatibility,
translocations, etc, The detailed plan of this unit, which started operation
in 1969, has been prepared on the basis of the PERT system; a few
copies of the plan are available for distribution.
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The practical problems which must be solved before releases can be
made include a determination of whether the dispersal, survival and mating
behaviour of released males under normal conditions are adequate to make
them competitive with normal males, the development of a method for
determining how many males must be released per unit area, the develop-
ment of inexpensive procedures for rearing millions of mosquitoes, the
separation of males from females, etc. Some of the mechanisms will be
discussed in Session VII and 1 shall not go into the details of these at
present. However, I would make three points.

Firstly, considerable emphasis is being placed in this unit on ecological
studies, particularly on population dynamics, dispersion and mating habits.
Secondly, attention is being devoted to mass-rearing techniques and the
release pattern, ete. Last, but not least, stress is being laid on integrated
control, as it would he necessary to use insecticides to reduce the popula-
tion before releases are made.

As was mentioned earlier, the question of an ecological vacuum is
also being borne in mind in casge it should be necessary to replace the
species.

The work on Anopheles mosquitoes concerns Anopheles gambiae and
Anopheles stephensi.

Anopheles gambiae is a special complex of five sibling species, and
crosseg beiween them produce hybrid sterile males but normal females.
In certain crosses, the sex ratio is distorted and only males are produced.
In the laboratory, when hybrid sterile males were released in & cage with
normal males and females, the sterile males were competitive and females
produced sterile eggas. The idea was to obtain the eggs of hybrid sterile
males on filler paper and release them in the breeding sites., This was
dene in the field by Davidson and others, but owing to heavy natural mor-
tality pupae were released instead. The experiment was not successful
as the males produced from a cross between species B and melas did
not mate with species A found in the experimental village of Pela,
Bohbo-Dioulagso, Upper Volia,

Further studies by Dr. Davidson have shown that hybrid sterile males
give better results with either of the two species crossed, but whether
hybrid males will mate in nature has yet to be ascertained.

With respect to Anopheles stephensi, efforts are being made to
discover some genetic mechanisms. The species is known to consigt
of two races.

In addition to the activities in connection with the species mentioned
above, work is also being earried out on tsetge flies by IAEA and the
United States Department of Agriculture, and as you have heard this
morning, a UNDP project for Zambia is under consideration.

Dr. Goémez-Niifiez has already described results of his investigations
on reduviid bugs. I hope Dr. Galun will have an opportunity to describe
her work on ticks. Work on Simulium has just been started.

WHO has initiateda vector genetics information service and arranged
the course on vecter genetics at the University of Notre Dame. It is
very gratifying to see that eight of the participants in this course are
present here. WHO is placing increasing emphasis on the development
of non-chemical methods of control and is working closely with IAEA and
FAQ.
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J.C. GOMEZ-NUNEZ: Experience with vectors of Chagas' disease
has shown that replacement of one vector by another is not an uncommeon
event. Specifically, in Venezuela, the insecticide cperations against
Rhodnius prolixus apparently also eliminate a limiting factor that keeps
Triatoma maculata out of doors, and this species is replacing Rhodnius
prolixus as the main indoor vector in some areas of the country. I
have made this comment to emphasize the importance of egcological studies
before contreol measures.

K.S. RAI: We have recently induced with radiation several autosomal
and sex-linked translocations in Aedes aegypti. We are studying the basic
genetics and the population control potential of these translocations. To
evaluate theoretically the comparative effectiveness of the autosomal
and sex-linked translocations, we have undertaken computer simulations
using a model kindly provided by Mr. Max Whitten. Although the sex-
linked translocations that we have siudied in detail to date involved the
male-determining chromosome (), through crossing over we have
established lines in which the female-determining chromosome (T} is
translocated, COur computer simulations have indicated that the
use of Ty, (involving the female-determining chromosome) translocations
is more effective for control purposes than the use of Ty translocations.

We have juzt completed work designed to test the effectiveness of these
translocations in laboratory pepulation cages, with encouraging results.
More recently, we have set up field population ¢ages in collaboration
with Mr. Weidhaas and Mr. Seawright and are awaiting the results of
these experiments,

In summary, and basing myself on the work we have done to date,

I feel that the chromosomal translocations should provide an effective
method for the genetic conirol of insects. The use of this method for
Aedes aegypti control will be field-tested by the World Health Organization
field unit in India.

H. LAVEN: We are currently conducting a field experiment with
translocation heterozygotes to combat Culex pipieng in southern France.
It is supported by the Entente Interdépartementale de la Demoustication.
After solving several technical difficulties we started to release semi-
sterile males (50-60% sterility) into an isolated natural population at
an average ratio of 5-6 translocation males to one normal wild male.

An experiment of this kind passes through three stages. In the initial
stage evidence has to be obtained as to whether copulation between the
released males and the wild females fakes place., Thig evidence was
found in due time. In the second stage we have tried to replace the
normal males by translocation maled. When I left France last week
80% of the male field population consisted of translocation males., I
have no doubt that we can reach the saturation point, that is the total
elimination of normal males. In this case we have a population with a
reduced reproductive potential, depending on the percentage of lethality
imposged by the translocation. What will happen to such an isolated
populationis aopente speculation and is a matter for mathematical model
builders.

M.J. WHITTEN: I suppose that as one of the model builders just
referred to, I should comment on the statement. Genetic theory would
predict that it is most unlikely that realistic conditions will be found to
allow replacement of field rnales not containing any translocation by
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laboratory-reared males carrying a translocation which ig secured to

the male-determining element. At least, this replacement should not

be possible in populations of any significant size, where stochastic ele-
ments are unimportant. I do not believe Mr, Laven has any evidence fo
contradict thig predieiion, nor do I anticipate that he will provide us

with such evidence for large populations. In any case, the truth or falsity
of this prediction is not really important because other types of chromosome
rearrangement exist which should be much easier to fix in natural popula-
tions and which have the same impaet as male-timited translocations on
population size. I will describe these in my paper later in the Symposium
(IAEA-SM-138/8).
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Abstract

EFFECTS OF CHEMOSTERILANTS ON REPRODUCTIVE ORGANS AND EMBRYQGENESIS IN INSRCTS .

The nte of chemosterilants in practice is Hmited by imsufficient choice of sujtable compounds
which would be non-toxie or mutagenic to vertebrates, In testing new compounds data on the effect
of cheinesterilants on reproductive organs and embryogenesis are required, The present knowledge
of the following topics is discussed: (1) the effects of chemotterilants on ovaties and oogenests,
(2) the effects of chemosterilants on testes and spermatogenesis, {(3) the effects of chemosterilants on
embryogenesis, {4) sterility effects of compounds with juvenfle hormone activity, Chemosterilants
affect In speciflc ways panoistic,telotrophic and polytrophic ovaries. With makes, in addition to the
induction of deminant lethal events, greater attention should be given to the changes in spermatogenesis
Itself, to the effect on the secretion of accessory gtands and to the activation of sperm. The embryology
is affected in certain well defined ways: at the inital phase of development of the embtyc in cleavage
division (alkylating agents), in advanced crganogenesis (antimetabolites), or befors hatching (furyltriazine).
Compeunds with juvenile hormone activity as chemosterilants are promising. They are dizectly tramferred
by eopulation and affect the embryogeneais in a specific way, Mon-segmented, apodal, asymmetric and
miniature embryos are formed. No autolysis takes place; the deformed embryos survive for quite a long Hme.

INTRODUCTION

Thanks to comprehensive publications {Bofkovee, 1966; La Brecque
& Smith, 1968) and general and special reviews (in recent years e.g.
Bofkovec, 1968; Knipling et al., 1968; Ascher, 196%) we have quite alot of
information on chemosterilization as well asthe researchaccomplished.
Nevertheless, chemosterilants have not been employed to a desirable exient,
particularly where their prospecis are most promising, i.e. in
long-term autochemosterilization in“natural populations. This is especially
due to the still insufficient choice of suitable compounds, i.e. compounds
which would have specific effects, would not be toxic and would have no
mutagenic or carcinogenetic effects on other animals, in particular verte-
brates.

The following aspects give a quite reliable picture of the effects of
individual compounds in routine screening: fertility, hatchability, pupa-
tion, and perhaps also the emergence of adults and their sex ratio, But
if we are to progress efficiertly in seeking new chemosterilantg and to
be ablete considerapplying them inpractice, we have to know more about
their effects on the reproductive organs and on the development of indi-
vidual ingect species,

173
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In this paper we shall attempt to present a survey of present know-
ledge in this field. We have based it on the excellent review given by
LaChance et al. (1968) and on the report and critical appreciation of
the problem by Saxena {1968}, We make use of data from publications
dealing with the topic as well as results obtained in the Institute of
Entomology, Czechoslovak Academy of Sciences., The paper is divided
into the following sections: 1. Effects of chemosterilants on ovaries
and oogenesis; 2. Effects of chemosterilants on testes and spermato-
genesis; 3. Effects of chemosterilants on embryogenesis; 4. Sterilizing
effects of compounds with juvenile hormone activity.

1. EFFECTS OF CHEMOSTERILANTS ON OVARIES AND OOGENESIS

Most of the research has been done on flies {(Musca domestica L.,
Cochliomyia hominivorax (Coquerel), Drogophila melanogaster Meigen,
Aedes aegypti (L.} and others), on species with polytrophic, most per-
fectly evolved ovarioles. Destruction of egg chambers and changes
taking place during their degeneration in Musca domestica after treat-
ment with tepa, metepa and apholate have been described by Morgan &
LaBrecque (1862, 1964a, b), after hempa by Morgan {1967), after
tretamine, methylmethanesulphonate and hydroxyurea by Kissam,

Wilsen & Hays (1967), after thiotepa, metepa, tepa and apholate by
Combiesco et al. (1969), after p, p-bis {l-aziridinyl}~N-methylphosphinic
amide and p, p-bis (1-aziridinyl)-N-({3-methoxypropyl) phosphinothionic
amide by Wilson & Hays (1968). Complete degeneration of egg chambers
through irregular clusters of chromatin has been observed in Drosophila
melanogaster after treatment with apholate by Cantwell & Henneberry (1363},
in Anopheles labranchiae Van Thiel after tepa by DtAlessandro et al. {1966).
LaChance & Leverich {1968a) found that in Cochliomyia hominivorax
alkylating agents affect most the endomitosis of nutritive cells, which
takes place immediately after emergence. Thus all the authors have
observed that the main impact is directed on egg chambers during
vitellogenesis, and a slightly weaker effect on the germarium.

The effects of several tens of compounds from the groups of alkylat-
ing agents, antimetabolites, stercides, and other chemicals on Musca
domestica have been studied in the Institute of Entomology of the Czech-
oslovak Academy of Sciences. Some of the regults have been published
(Landa & ReZ4bov&, 1965; ReZabovd & Landa, 1967; ReZ&hova & Landa,
1968; Bennett-ReZibova et al., 1968; Landa, 1970); Matolin & Landa, 1970).

Changes induced by a dose of 4 - 8 ug of metepa can serve'as an
example. The divigion of cogonia in the germarium is affected in the
upper zone, In the bottom one it prevents oocytes and trophocytes from
growing and, in particular, it inhibits multiplication of prefollicular
cells and formation of the follicular sheath of the third egg chamber.

The main effect is specifically directed on the egg chambers, including
also the first, cldest cne. If metepa is applied before the vitellogenesis,

it affects the endomitosis of trophocytes, However, it attacks most heavily
the follicular epithelium. Nucleoli and then nuclei duplicate and a rapid
tumour-producing proliferation takes place. A quick degeneration {ollows,
during which the contents of the egg chamber are resorbed. The changes
are also anatomically apparent. The chambers become milky, opaque,
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of an irregular shape, and they burst easily. The steroids and thali-
domide have a somewhat different effect — after their application the cellu-
lar membranes of the follicular epithelinm are decomposed,

The changes in the follicular epitheliuim have been studied also
biechemieally and from the viewpoint of metabolic changes. The forma-
tion of the tumour is accompanied by a multiple growth of the DNA con-
tents and by an increase in the contents of RNA. The proteosynthesis
iz suppressed. Autoradiographic studies confirm an increased incorpora-
tion of precursors of the nucleic acids before the proliferation begins,
and the activity of proliferating nuclei (ReZdbovd, 1968).

The study of mitochondria isolated from normal as well as treated
egg chambers has shown the specific effects of the chemosterilants
applied. Oxygen consumption increages, depending on the phase of develop-
ment (stage of vitellogenesis). Mitochondria isolated from treated ovaries
show a higher metabolic activity, even before the effect of the chemo-
sterilants on the egg chambers appears in their morphology (Benneti—
ReZdbovd & Turner, 1970).

No detailed data on the effects of chemosterilants on telotrophic
and pancistic ovaries have been published. We shall therefore use
results obtained in the Institute of Entomelogy of the Czechoslovak Academy
of Seciences,

Changes in telotrophic ovaries after the administration of tepa,
metepa and apholate were studied in the beetles Hylobius abietis (L.},
Acanthoscelides obtectus Say and Trogoderma granarium Everts (Landa
et al. 1068; Ondr&dek & Matolin, 1870). The chemosterilants affected
the upper zone of the germarium where the division of trophocytes had
been blocked. The number of nuclei in the third zone decreased. Secre-
tion was limited but not blocked; the corée remained. The strongest
influence was concentrated on the fourth zone, where young oocytes
grow and nuclei of the prefollicular cells are divided. The primary
oocytes develop irregularly, but yet they grow, partly at least, because
they are connected with the trophic core. However, the prefollicular
cells, or their nuclei, are entirely decimated, so that the descending
ovocytes are not enveloped by the follicular epithelium and are not
separated; the previtellarium and vitellarium do not grow longer owing
to the lack of follicular cells; and the cocytes are compressed and finally
degenerate, If the vitellogenesis has already begun at the time of applica-
tion, it is generaily completed; if not, resorption takes place, beginning
with the first egg. After only one application regeneration may occur
after a certain time, and the development continues with some ancmalies.
Similar results were obtained on Pyrrhocoris apterus, where the formation
of compound eggs was experimentally induced with 6-azauridine.

Changes in paneistic ovaries due to the effect of metepa were studied
in the firebrat Thermobia domestica (Pack.). Metepa quickly and intensely
affects all dividing cells as well as the nuclei of cells with increased
proteosynthesis. Already on the third day the division of oogonia is in~
hibited; transitory stages of young cocytes perishandare resorbed. Degenerat-
ing young cocytes appear in the germarium as white droplets, Also the
nuclei of the prefollicular cells stop dividing and degenerative pycnosis
takes place. In the previtellarium the nuclei of primary cells undergo
changes leading to their disseclution, vacuolization of eytoplasm, dis-
integration and, finally, 1o the resorption of the whole previtellarium.
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The total effect of metepa on the ovarioles appears within 7- 10 days in
the reduction of the germarium to a mere 'cap' with a few cells, and in
the shortening or complete resorption of the previtellarium and vitel-
larium. The application does not affect moulting at all, One dose is
enough to block the development of ovaricles for about 40 days (three
to four instars), Afterwards a partial regeneration takes place. Of
course the development is very irregular,

The study of the effects of chemosterilants on difierent types of
ovarioles provides some opportunity of discovering the principles of
activity of individual compounds. Also ihe application of these compounds
on registant strains is likely to produce promising new information
{Abasa, 1968; Turner & Maheswary, 1969). The effect of chemosterilants
omn the endocrine system will require special atiention; the proportion of
their direct and indirect effects will have to be ascertained.

2. EFFECTS OF CHEMOSTERILANTS ON TESTES AND
SPERMATQOGENESIS

Our knowledge of the effect of chemosterilants on testes and spermato-
genesis is much less complete than on ovaries and ovogenesis. The clas-
sical sterile-male technique is based on the sterilization of males by
irradiation, which causes the rise of dominant lethal mutations. The
earliest work on chemosterilants was alsc aimed primarily in this direc-
tion, and the most extensive studies on the effect of chemosterilants on
spermatogenesis were mainly concerned with dominant lethal events.
Mutagens affect either entire chrormosomes or individual chromatids.
Changes are not usually found on sperm, but most often they are evident
in anomalies in the division of the zygote in the fertilized egg. Dominant
lethal mutations in Cochliomyia hominivorax were described in detail
by LaChance & Riemann (1964} and LaChance & Crystal (1965). Informa-
tion on and problems connected with dominant lethal mutations produced in
insects by irradiation as well as sterilants have been presented by
LaChance {1967), who includes a detailed bibliography comprising alsc
works which dealt with this topic long before the era of chemosterilants.

Of course chemosterilants aifect testes as well as spermatogenesis
and the vitality of ripe sperm. Because the practical application of sirong
mutagens is out of the question, the possibilities of using aspermia or
inactivation of sperm for sterilization have lately been considered. In
general, we can say that spermatogenesis is affected in a lesser degree
than oogenesis. This conclusion is connected also with the fact that in
females chemosterilants have a marked effect on that phase of oogenesis
which has no c¢ounterpart in males. Complete aspermia is an extreme
manifestation of the influence of chemosterilants on spermatogenesis,
but it does not occur very often. It follows from papers published so
far {Cantwell & Henneberry, 1963 — apholate on Drosophila melanogaster;
Keiser et al. 1865 — eight compounds on Dacus cucurbitae Coquillett,
Dacus dorsalis Hendel, Ceratitis capitata (Wiedemann)) that spermato—
gonia undergoing division are affected the most; somewhat less affected
are youhg spermatocytes, and least of all the stages of spermateliosis.
With the destruction of cells the whole testes become smaller; this has
often been reported (Lindquist et al., 1964 — apholate on Anthonomus
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grandis Boheman: Schwarz, 1965 — metepa and tepa on Hippelates pusio
Loew). In contrast, other anthors did not observe any changes (Rai,
1964 — apholate on Aedes aegypti (L.); Outram & Campion, 1967 —tepa
on Diparopsis castanea (Hmps)). In newly emerged males sperm would
be fully developed; the frequency of younger stages of spermatogenesis
greatly varies with individual species. So clearly the same chemo-
sterilant can cause a differeni reaction in different species.

Hamilton & Sutter {1869) report the effect of apholate on accessory
glands in Diabrotica undecimpunciata Howardii Barber. The accessory
glands degenerate and the transfer of sperm during copulaticn is blocked.
Seeing that the filling of accessory glands corresponds to a large extent
to vitellogenesis in females, we can expect promising resulis from this
line of research.

The induction of dominant lethal mutations and the effect of chemo-
sterilants on spermatogenesis is often followed by lowered vitality of
sperm, which may lead to its immotility or even mortality {Whiting
& von Borstiel, 1854 — nitrogen mustard on Habrobracon juglandis
Ashmead; LaChance & Leverich, 1968b — nine chemosterilants on
Habrobracon juglandis). Ascher & Avdat (1967) and especially Ascher
et al. (1968) studied the degree of motility of sperm in spermathecae of
Musca domestica females sterilized with Brestan and Tinicide. They
found that the degree of fertility is in direct relation to the degree of
motility of sperm. The activation of sperm is a complex problem that
will require further detailed study {Landa {(1960), for example, observed
a comnplicated process of activation in the spermatophore of Melolontha
melolontha (L.)).

Cur preliminary study of the effects of chemosterilants on male
Hylobius abietis and Melolontha melclontha has generally confirthed the
published resulis. Metepa, G-azauridin and especially hempa applied
in the course of spermatogenesis inhibit the division of spermatocytes
and cause their degeneration, Spermateliosis is not morphologically
affected. An extensive study of the effect of chemosterilants on spermatoe-
genesis, on the secretion of accessory glands and the activation of sperms
has been launched. The objects are Musca domestica, Melolontha melolon-
tha, Apis mellifera L. and Laspeyresia pomonella {L).

3. EFFECTS OF CHEMOSTERILANTS ON EMBRYJGENESIS

Detailed data on the effects of chemosterilanis on embryogenesis
were obtained from the study of Mu#ca domestica, Cochliomyia homini-
vorax and Habrobracon juglandis.

Embryogenesis ig the process most affected and the development
of the embryo is usually inhibited in the initial phase. This is due to
dominant lethal mutations causing the death of the zygote. Dominant
lethal mutations have been induced by a number of compounds (Whiting
& von Borstel, 1954; von Borstel, 1955; Atwood et al., 18538). The
dominant lethal mutation causing sterility may be brought into the zygote
by the male (sperm} as well as female (nucleus of the ococyte) (Sonnenblick
& Herishaw, 1941). The development of the embryoc ig maost often inhibited
at the early stage of a few cleavage nuclei before the formation of blasto-
derm {LaChance & Riemann, 1964: LaChance & Crystal, 1965: Smittle,
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Schmitt & Burden, 1966; LaChance, 19687; Valcovic & Grosch, 1968).
As for cytelogy, the disturbance of cleavage division is manifested in
chromosome bridges. Chemosterilants from the group of alkylating
agents appear to be the most effective chromosome breakers. In a
biochemical respect this damage can be considered as the
inhibition of the synthesis of nucleic acids {Kilgore & Painter, 1964;
Chamberlain & Barrett, 1968},

Development may also be inhibited at a later stage. This happens
most often when antimetaholites have been administered. Reciprocal
tranglocations are probably the cause, or deletion of local character,
when a certain gene asserts itself only at an advanced stage of develop-
ment. However, it may just as well be a case of a direct effect on
egg metabolism, e.g. 5-fluorouracil influences development by replacing
the normal metabolite uraeil in RNA (Kilgore & Painter, 1966).

Finally, some compounds cause the mortalily of larvae rather than
embryos (Morgan & La Brecque, 1964b).

In our experiments we tried to ascertain the effects of chemosterilants
on develepment of thé embryos of Musca domestica, Acanthoscelides
obtectus and Pyrrhocoris apterus (l.) {Matolin, 1969; Matolin & Landa,
1970, OndraZek & Matolin, 1970). When alkylating agents {apholate,
tepa) had been applied, development was inhibited at the stage of several
cleavage nuclei, so that blastoderm was not formed. Hempa had the
same effect. In all cases where development was inhibited at its initial
stages an immediate rapid autolysis took place: the egg content dis-
integrated into numerous granules of varicus sizes. After the application
of antimetabolites (6-azauridine) the development of some eggs was
inhibited at the initial stage, but most often death ocecurred only in advanced
organcgenesgis, The effect of furyliriazine on embryogenesis is remark-
able. It allows the embryo to complete its development, and the larva
dies only hefore hatching, during the hatching, or in the course of post-
embryonic development. Pupation iz low. Seeing that furyltriazine
acts in this way even when administered at a later stage of cogenesis,
we may assume that it affects egg metabolism,

The results show that chemosterilants affect embryogenesis in
certain well defined ways. Further work on chemosterilants in relation
to embryogenesis are clearly desirable.

4. STERILIZING EFFECTS OF COMPOUNDS WITH JUVENILE HORMONE
ACTIVITY

-+

It has been discovered in recent years that a number of chemicals
with juvenile hormone activity have sterilizing effects. These compounds
have a number of excellent properties: they are not toxie, they shouid
have no mutagenic effects, their influence is specific and they are directly
transferred by copulation. Some resulis were published {Sldma & Williams,
19668 — Pyrrhocoris apterus; Riddiford & Williams, 1967 — Hyalophora
cecropia, Antherea pernyi Guérin; Novédk, 1969 — Schistocerca gregaria
Forskal), but most of the new findings are not yet in print. Compounds
of this type do not inhibit the development of ovaries, rather they accelerate
oogenesig. But sither directly or through copulation with treated males
they penetrate eggs and even in negligible doses they affect embryogenesis,
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An extraordinarily powerful chemosterilizing effect of 3, 7, 11-tri-
methyl-17,.11-dihydrodichloro-2-dodecenic acid on adult Pyrrhocoris
apterus has been digcovered (Masner et al,, 1868; Matolin, 1970). The
compound administered to females in a dose of 10 ug induces complete
sterility throughout the reproductive cycle. If it is transferred by copula-
tion with treated males, the percentage of sterility depends on the dose
and time when males were treated befere copulation {Masner et al,, 1870).
Embryonic development proceeds in a normfal way until the blaztoderm
stage. It is inhibited at the time of RNA synthesis and differentiation
of the embryoe. Non-segmented, apodal, asymmeiric and miniature
embryos are formed. In contrast to what happens with alkylating agents,
immediate autolysis does not take place, the deformed embryos surviving
for quite a long time.

It is seen that compounds with juvenile hormone activity affect embryo-
genegis in a manner different from those chemosterilants mentioned in
section 3. An important result was obtained by exposure of Thermobia
domestica eggs to vapours of 3, 7, 11-trimethyl-7, 11-dihydrodichlora-
2-dodecenic acid. Embryogenesis was inhibited and albinotic forms were
obiained. This phenomenon needs to be studied further.

The present review is certainly not exhaustive, but aims at sum-
marizing the present techniques with a view to ensuring that future
work on these lines will be effective,
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DISCUSSION

D.5. GROSCH: Do you apply the hormone to the exterior of the
insect — i.e. was the method used topical application?

V. LANDA: Yes, the substance with juvenile hormone activity was
applied topically.

D.S. GROSCH: What solvent do you use?

V. LANDA: The compound was used as such or in an acetone solution.

A, ECONOMOPOULGS: Do you have any information on male com-
petitiveness or general sexual behaviour after the accessory glands have
been damaged by chemosterilants?

V. LANDA: At the Institute of Entomology in Prague we have heen
studying the changes in the general sexual behaviour of Musca domestica
L.and Pyrrhecoris apterus L, after the application of alkylating agents
and compounds with juvenile hormone activity. This study was not really
connected with that on the accessory glands. Some time ago we started
the experiments on the accessory glands of Melolontha meiolontha. The
resulis will be published within the next vear,




IAEA=SM~138/11

STUDIES OF COMPETITIVENESS,
CHEMOSTERILANT PERSISTENCE AND
SPERM STRUCTURE IN TREATED RED
BOLLWORMS, Diparopsis castanea (HMPS.)

D.G. CAMPION

Tropical Pesticides Research Headquarters and Information Unix,
Ministry of Overseas Development, London

and

C.T. LEWIS

Department of Zoology and Applied Entomology,

Imperial College, London,

United Kingdom

Abstract

STUDIES OF COMPETITIVENESS, CHEMOSTERILANT PERSISTENCE AND SPERM STRUCTURE IN
TREATED RED) BOLLWORMS, Diparopsis castanes (HMPS.}.

In tests of chemosterilants applied by injection to adult moths Diparopsis castanea (Hmps. ) obtained
from pupae shipped from Malawi, the male sterility indices (LDgo/$Dgo) for apholate, tepa and metepa
were 24, 17.9 and 11, 5 respectively, Both hermpa and triphenyl tin acetate had low sterility indices of 1.4
and -7.7. The female sterility index of tepa was 4,2, Tepa treatment of female moths significantly re-
duced the oviposition rate, When male moths were treated, repetitive mating tests showed that tepa had no
significantly adverse effect on mating frequency applied at the 8Dgg level, whereas apholate-treated males
ar such a dose level mated significantly less frequently. The sterilizing effect of tepa on males was per-
manent throughout 2 8-day period, virtwally the adult life-span of the moth at 27°C, Topical treatment of
male moths with tepa gave a sterility index of 34.8. At the §Dy; they were fully competitive,

A rapid rate of tepa degradation occurred after injection, half-life values ranging from 14,3 h at
27°C to 18,6 h at 315°C. After topical application, tepa degradation occurred more slowly, reaching the
507 level after 45.6 hat 27°C, 72.5 h at 20"C and 143,2 h at 15°C, The results were related to the
relatively glow rate of absorption from acetone solutions, Potential environmental contamination hazards
are considered,

No cbvious damage to the ultza-structure of the sperm of Diparopsis was observed after treatment of
the male moth with injected doses of tepa in excess of the sterilizing lavel,

INTRODUCTION

The red bollworm Diparopsis castanea {Hmps.) ig an important pest
of ¢otion in Central Africa. Ii spends most of its larval life friside the
cotton boll and is therefore particulariy difficult to control by the use of
insecticides. There is, however, a posgibility of controlling this inseciby
either the mass-release of sterilized insectg or by attracting the natural
population to some form of bait-sfation.

Previous work hag shown that the adult moth can be sterilized by
several aziridine chemosterilants, Weak sterilizing activity was also shown
by other clasges of chemoesterilants such as phosphoramides, s-iriazines
and organo-metals [1-3]. This paper presentg the results of further
laboratory investigations to gain more quantitative information on the
sterilizing and toxic effects of those chemosterilants having appreciable
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activity against Diparopsis. Since the aziridines present a possible
mutagenic hazard to man and higher arimals, the rate of breakdown
following topical and injection application of an active chemosterilant,
tepa, was studied. Preliminary observations on the complex sperm
ultrastructure and its possible susceptibility to damage by chemosteri-
lants are also reported,

MATERIALS AND METHGDS

Standard test procedure

The insects were obtained from pupae collected in the field and shipped
from Malawi. Graded concentrations of the chemosterilants were applied
to one-day-old moths of specified sex to determine the sterility and toxi-
city caused by known dosages, Solutions of the chemosterilants dissolved
in 1 ul of distilled water or acéione were injected through the dorsal sur-
face of the thorax or applied topically to the ventral abdominal surface,
by means of a microdrop applicator fitted with an all-glass syringe equipped
with No. 27 gauge hypodermic needleg. Before treatment the moths were
immaobilized by momentary exposure to carbon dioxide,

Ste rilizirig_ef fects

To determine the sterilizing effects, the insects were treated in the
afternoon and mated the same evening to untreated ingects of the opposite
gex in disposable plastic cups (34 in.X 2% in, ) partially lined with blotting
paper, with one pair of moths in each cup. Plastic Petri dishes were
used as lids, The cups were kept at 27°C and 70% r.h. witha 12 h photo-
pericd under artificial lights for 6 days, The bletting paper on which the
eggs were lald was replaced each day and each batch of eggs incubated
separately for 6 days at 27°C and 70% r.h. to determine whether or not
sterility had been induced. At the end of the 6-day test period the females
were examined for spermatophores as proof of mating and eggs from
unmated females were discarded. In each replicate test 25-30 insects
were treated, while a control replicate treated with solvent only was
included in each test,

Mortality tests

After similar treatments of one-day-old moths, they were held in
groups of 25-30 insects in plastic sandwich boxes (11 in, X § in, X 3% in,)
for a period of 4 days under the same temperature, humidity and light
conditions as the insects tested for sterility, Corrections for couatrol
mortality and sterility were made by Abbotts formula 4], Dosage/
mortality and dosage/sterility data were analysed by means of probit
analysig [5] . The significance of the reduction in the rate of oviposition
as a result of treatment was assessed by the Mann-Whitney U test.

Repetitive mating tests. In the repetitive mating tests, each treated
male was confined individually to a mating container into which was in-
iroduced, on six successive nights, a fresh one-day-old virgin female
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which was removed each morning to glass specimen-tubes (2 in, X1in.)
lined with blotting paper and the eggs laid were assessed in the standard
manner., In each replicate test 33-39 insects were treated,

Permanence of sterility. The permanence of the sterilizing effect
was assessed by mating groups of 25 treated males with one- to three-
day-old virgin females on six successive days post-treatment.

Competitive mating tests, The standard disposable cartons were
again used as mating contalners, Treaimenis occurred in the afternocn
and each treated male was introduced in a separate carton together with
one untreated female. The insects rémained together for the whole test
period of 8 days. Daily collections of eggs were made in the standard
manner, In each replicate test 39 to 99 ingects were treated,

Agsay of regidual tepa. Twenty-five to thirty-five male moths 2-4
days old were treated with 10 ug of tepa either in 1-pl amounts of distilled
water by injection or 1-ul amounts of acetone by topical application. They
were 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 contimuous light in plastic sand-
wich boxes (L1 in. X 6 in. X3% in.). Before extraction dead moths were
digcarded and samples of 25 moths were homogenized for 5 minin a
high-speed homogenizer in 50 ml of chloroform, To determine the amounts
of tepa in the cuticular layer, whole moths were shaken in chloroform for
5 min., The mixtures were then shaken with anhydrous sodium sulphate
to remove water and then filtered. After the volume of filtrate had been
noted, it was evaporated to dryness at 40-50°C in a rotary evaporator,
The residue was dissolved In acetone with 1 ml of solvent for every 2 ml
of chloroform extract obtained. The solutlon was stored in a deep-freeze
until ready for analysis. Each determination was replicated three {lmes,

Tepa was analysed by the method of Epstein et al, [6]. A standard
curve was obtained for known quantities of the chemosterilant. For resi-
due 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 tube was
added 3 ml distilled water, 1 ml pH 4 buffer and 1 ml of the y-{4-nitro-
benzyl) pyridine reagent. The mixtures were heated for 20 min in a
boiling water bath and then cooled in an ice water bath., To each tube
was added in quick succession 4 ml of acetone, 1 ml of 1M aqueous
potassium carbonate and digtilled water to make the volume up to 10 ml,
To aveild turbidity Hyflo Super-cel ‘was added and after filtration the
colour intensity immediately measured at 600 mu on a spectrophotometer
using 1-cm cells of 3 ml capacity. Speed was essential at this stage
since the blue colour formed was stable for only 30 min, The residue
values obtained were corrected for the apparent residues found in control
gamples, Fach sample was assaved at two dilutions and the mean vahie
recorded,

Sperm preparations, Observations under the light microscope were
made of gperm dissected from female spermathecae into insect Ringers
solution and measurements of sperm length noted by means of camera
Iucida drawinga, For transmission electron microscopy, testes were
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FIG.1. Regression lines for the calculation of sterility indices after tepa treatment, A) Injection
treatment of tale moths, (B) injection treanment of female moths, (C) toplcal treatment of male moths.
B = sterility values

C = mortality values.,

fixed at 0-4°C for 2 h in phogphate-buffered 2, 5% giutaraldehyde, post-
fixed for 1-2 h with 2% buffered osmiam tetroxide, dehydrated in alcohol
and embedded in Araldite, Sections were taken with a Reichert ultra-
microtome and double-stained with uranyl acetate and lead citrate. They
were examined in 2 JEM 7 electron microscope., For scanning electron
microsgcopy, squashes of fresh testes were air dried or fixed in glutaral-
dehyde coated in vacuo with 500 A of gold/palladium, and examined in a
Cambridge Instruments Stereoscan electron microscope.
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FIG.2. Regression lines for the calculation of sterility indices for male moths after injection with
{4) apholate, (B metepa, (C) hempa and (I} triphenyl tin acetate.

B = sterility valoes,

= = mortality values.

RESULTS

Treatment of adult moths by injection; primary evaluation

The regression lines obtained (Figs 1 and 2) showed that in all instances
a linear relatiouship existed between the concentration of chemosterilant
(log x} and the percentage sterility (probit y}). The regression equations
and EDs; values are shown in Table I. A comparison of the heterogeneity
{x2) about the sterility and mortality regression lines fitted with and with-
oui the constraint of parallelism gave no evidence that they were not
parallel in the case of tepa, apholate, metepa and hempa. This made %
possible o calculate the ratlo between sterilizing and toxic doses of the
applied chemosterilanis {Table II}. “This ratlo will be termed the gterility
index, by analogy with the term 'therapeutic index' as used in pharmacology.
The regression lines for triphenyl tin acetate were not parallel so that the
relative potency shown in Table II is at the EDsp level only,

In males the greatest sterilily index of 24. 0 was shown by apholate
followed by tepa with 17. 9 and metepa with 11,5, For these subsiances,
the calculated 50% sterilizing doses (SDjsp) were 1.5, 0.73 and 2.7 ug
respectively, A very low sterility index of 1,4 was obtained with hempa
and a negative value of -7.7 for triphenyl tin acetate, This showed that
complete sterility could only be achieved at doses with considerable toxic
gide-effects, a result which precludes their use as practical chemosterilants

against Diparopsis.
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TABLE II. RATIO OF STERILE AND LETHAL DOSES

{= STERILITY INDEX) OF {A) CERTAIN CHEMOSTERILANTS
APPLIED TO Diparopsis castanea ADULTS BY INJECTION,
(B) TEPA APPLIED TOFICALLY TO MALE MOTHS

Chemoserilant u::: o Serllityindex  95% fiducial timics ff :‘;’smp“s;::ﬂ::s
A, Tepa Males 17,9 10,1 - 30,7 1,05
Tepa Females 4.2 2.8~ 6,4 0,24
Apholate Males 24,0 12,1 - 43.7 3.75
Metepa Males 11.5 6.6-1%.9 1,58
Hempa Males 1,4 0.1- 1,9 0,22
Tripheny! tin acetate  Males -7,78 4,43
B. Tepa Males 34,8 26,10-45, 90 G.73

2 For EDgyg values only,

TABLE III. EPFPFECTS OF TEPA INJECTIONS ON
THE MATING OF Diparopsis

Mating as percentage of control mating a ‘
Dose {pg) 5 5
Treated fermales X normal males Treated males ¥ normal females
BO 0 0
40 18,8 24,9
20 16,8 3.8
10 61,0 85,0
E 48,7 64.0
2.5 - A 106

2 Minimal mortality at al} dose levels for the 2-day maring period.
b Data based on 20 replicates at each concentration,
Sh,; for female moths 30,9 pg; SDg for male moths 1,2 pg,

A low sterility index of 4.2 was obtained for tepa-treated females, which
again suggests that mating would be adversely affected at doges causing
complete sterility, This conclusion was confirmed by mating experiments
{(Table III). Treatment of females with tepa also caused a gignificant re-
duction in the rate of oviposition (Table IV).
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TABLE VI, PERMANENCE OF STERILITY OF MALES OF
Diparopsis castanea INJECTED WITH TEPA AT EDys STERILITY
LEVEL (25 MALES PER TREATMENT)

in :::: f:fif:etl?fm J}f:;yl?“::;nfgeu‘:l:lhes Total eggs laid No. hatching % hatch
1 18 1401 2 0.2
2 4 1542 0 0
3 9 895 0 0
4 4 as2 24 7
5 8 345 12 3.5
8 4 230 8 0
Total: 4686 33 0.84

Treatment of adults by injection; evaluation of sexual vigeur and
permanence of the sterility effect

The relative merits of the two most suitable chemosterilants, apholate
and tepa, were evaluated by repetitive mating tests., The results showh in
Tabkle V clearly Indlcate tepa to be the mosgt effective chemosterilant.

The mating frequency approximated closely to the control mating frequency
(x2 =0,5), wheréas the mating frequency after apholate treatment was
reduced (X2 = 19), The results show also the mating potential of the

male moth., Although some insects mated three times, the mean number
of control matings per male was one since many males did not mate at all,

Sterility induced in male moths by tepa injection at the SDgs level was
permanent, No gignificant recovery of fertility occurred throughout the
life of the adult moth {(Table V1),

Tepa treatment of adult moths by topical application

The regression lines obtained fellowing topical application of graded
concentrations of tepa again showed that a linear relationship existed be-
tween doses of chemosaterilant and percentage mortality and gterility
{Table IB). The regression Yines were parallel (x?=0,73) and therefore
a sterility index of 34,6 was calculated with an SDg5p value of 4,74 ug.

The resulis of competitive mating tests are shown in Table VII. The
frequency of sterile mating compared with fertile mating {xz =3.658) gave
no evidence for significant heterogeneity and it was concluded that mating
was not adversely affected as a result of treatment, A comparison of
the mean fecundity of females mated with sterile males compared with
those mated with fertile males (x2 =10. 95) indicated significant hetero-
geneity at the 1% level. This suggested a secondary reduction in ovi-
position, perhaps caused by the transmission of a proportion of the chemo-
sterilant during copulation. A comparison of the competitiveness of
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TABLE VIII. COMPETITIVENESS OF MALE Diparopsis ON
SUCCESSIVE DAYS FOLLOWING TOPICAL TREATMENT WITH
15 ug TEPA

Te sterile matings
Days post-treatment

when mated Toetal matings Fertile matings Sterile matings -
Expacted Actual
! 38 L 1 50 18,5
2 41 o7 14 50 2.1
¢ 2 16 15 50 48,4
* 28 15 1 50 42,4

a Frequenicy of sterile mating compared with fertile mating, x” =7,81, which indicates hererogeneity
at 5% level,

sterile and fertile males when mated on successive days post-treatment
1 shown in Table VIII, The results suggested that shortly after treat-
ment some incapacitation of sterilized males occurred, although the in-
secls soon completely recovered,

Tepa resgidue analysis

The results showing the varying rate of tepa degradation at 15, 20
and 27°C after injection and topical application, taking the mean of the
three replicates, are given in Table I¥, By ploiting the log of the residual
tepa (ug/moth) against time, a series of regression Hnes were obtained
and by analysis of variance shown to be linear in all instances (Fig. 3).
From the regression equations (Table X) 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 occurred
after all injection applications, the half-life values ranging from 14.3 h
at 27°C to 18.6 h at 15°C, After topical application tepa decomposition
oceurred much more slowly, reaching the 50% level after 45.6 h at 27°C,
72.3 h at 20°C and 143.3 h at 15°C. The rate of absorption of tepa at
20°C from a 10-ug topical dose was followed by analysing a series of
washings of intact treated insects. The half-life value at this temperature
was 48.6 h, .

The rate of decomposition of tepd applied to topically treated insecis
was lower than the rate of absorption (Fig.4).

Structure of Diparopsis sperm and some preliminary observations

on the action of tepa

The mobility of sperm is most evident afier mating has taken place
and can readily be observed under the light microscope. When tepa is
injected into males at doses just sufficient to induce sterility the sperm
when transferred in copulation to the female appears to be normally active,
However, at much higher doses agglutination of transferred spermatozoa in
the spermatheca was observed. Thus, while the primary sterilizing action
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FIG.3. Rate of tepa degradation in male moths after injection and topical application.
(A} 2T°C, (B) 20°C, (O 15°C.

B = injectlon application

= topleal application.

of aziridines no doubt concerns the ;hromatin, the possibility of secondary
effects upon the highly organized locomotory apparatus of spermatozoa
cannot be entirely eliminated, especially at higher doses,

In the course of an investigation of the fine structure of Diparopsis
spermatozoa, the opportunity was therefore taken to look for possible
structural abnormalities in sperm from tepa-treated males.

Diparopsis sperm have a mean length of 450 1 and a diameter varying
between ¢.2 and 0.5 u. The head possesses a short acrosome which pro-
jeets from the anterior end. The chromatin stains intensely and associated
with the nucleus is a fubular structure, also noted by Yasuzumi and Oura
[7] in Bornbyx mori. From its size and position in Diparcpsis this may
possibly be associated with the acrosome.
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% TEPA DEGRADED

HOURS  POST  TREATMENT

FIG.4, Total degradation of tepa {n male moths after topiczl and injection methods of application
compared with the rate of chemosterilant absorption throngh the cuticle,

Surrcunding the posterior head and the middle regions is a radial
mantle which takes the form of a series of petaloid structures. These
structures, termed 'appendices laciniae' by André [8, 9], who firgt de-
scribed them in sperm of Pierig and Macroglossum, arise from the cell
membrane and are finely striated transversely, Phillips [10] has observed
in several lepidopteran species that these radial appendices are greatly
reduced or lost from sperm in the ejaculatory duct, with the exception
of one appendage which is recognizably different in having a reticular
gtructure, This reticular appendage is also found in DPiparopsis.

Eagily the largest organelles of the spermatozoon are the paired
elongate mitochondrial structures which have conspicuous, regular clefts
in thelr outer zone (Fig.5). These giant mitochondrial structures are
derived during spermatogenesis from the aggregation of mitochondria
into nebenkern, the material of which recrganizes itself and elongates
along the developing flagellum (gee the review of Phillips [10]).

In Diparopsis, the rod-like mitochondrial derivatives are of unequal
size and run alongside the flagellum for much of its length. In the terminal
region the mitochondrial rods are tapered off, leaving the bare flagellum
(Fig.6), The flagellum possesses the familiar organization of two central
fibrils with nine outer doublets. An additional nine single fibrils which
stain more intensely are closely assoclated with the outer ring of doublets.

When whole air-dried spermatozoa are observed in the scanning electron
microscope, the delicate radial appe‘hdages cannot be seen, Probably they
have collapsed in the process of drying, Longitudinal divisionsz between
the two mitochondrial rods and the flagellum are evident, If the preparation
is shadow cast, regular transverse corrugations are revealed which may
represent a close gpiral organization of the mitochondrial cortex or the
collapsed radial appendages {Fig. 7). Such a spiral organization cannof be
deduced from the thin sections by transmission electron microscopy.

No evidence of damage 1o the delicate ultrastructure of the sperma-
tozoa was observed three days after the Injection of males with 10 pg of
tepa, a treatment considerably in excess of the minimum sterilizing dose.
Observations on agglutinated sperm from the spermatheca have yet to
be completed,
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FIG.T. Stereoscan electron micrograph of part of sperm bundle showing regular transverse corrugations.
x 41200

It should be observed that the spermatozoa of Diparopsis are all
fully formed when the adult emerges from the pupal stage. Thus tepa
applied to the young adult cannot affect sperm development, only mature
sperm structures. For the same reason, in this species, sterilized
males are unlikely to recover fertility later in adult life,
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DISCUSSION

To be of practical value a chemosterilant should not only be effective
at very low levels, but also exhibit a wide margin between sterilizing and
lethal doses. In addition the sterile insects must be competifive with those
of the natural population and remain sterile throughout adult life, Finally,
the rate of breakdown of the applied chemosterilant should be rapid to
minimize possgible environmental contamination.

The experiments described in this paper were designed to test whether
these criteria could be satisfied ih work on Diparopsis, as a prelude to
field evaluation. When efficacy was expressed as the ratiobetween steri-
lizing and lethal doses, It was shown that apholate and tepa were signif-
icantly better candidates than metepa, hempa and triphenyl tin acetate,

The repetilive mating tests, however, clearly indicated tepa to be the
more effective chemosterilant against male moths, Against female moths,
on the other hand, the low sterility index of tepa indicated that sterility
could only be achieved at a dose that would reduce mating efficiency. The
competitiveness of male Diparopsis treated topically suggests that the re-
lease of sterile mass-reared or mass-coliected insecta would be feasible,
although the femalesg sghould be separated and eliminated.

The rate of tepa degradation after injection into male Diparopsis was
rapid, as was that noted by Cox et al, [11], after oral application to the
fall army worm moth, Spodoptera frugiperda, when estimated radio-
metrically. A slower rate of tepa degradation after topical application
to the codling moth, Carpocapsa pomonella, was observed by Maitlen
and McDonough [12] when the treated moths were maintained in outdoor
cages.

In Piparopsis the rate of degradation of topically applied tepa was
appreclably slower than that of injected tepa. Thus at 20°C, 50% of a
dose of 10 ug was metabolized in 19.3 h when injected, but in 72,3 b
when applied topically, It is evident from Fig. 4 that the longer persistence
of topically applied tepa is almost entirely due to ite relatively slow
rate of penetration into Diparopsis. The sieady recruitment of applied
{epa to the tissues by absorption through the cuticle may conceivably be
of value in a specieg in which spermatozoa continue to mature for some
days in adult life, but this is not the case in Diparopsis. It may be con-
cluded that if male moths are sterilized by topical treatments of tepa in
acetone and released shortly afterwards (necessary because of their shori
life) then some residual active tepa will be present on the cuticle at the
time of release, Possibly the ingestion of tepa by probing would be a
less hazardous procedure, gince there is some evidence that absorption
from the gut is more rapid than through the cuticle. The limitations of
inducing sterility in Diparcpsis by probing have, however, already been
described {Campion [14], Campion and Outram [15]) and such a method does
not geem to be of practical value., Topical treatments are, therefore,
necessary.

Two factors operate to reduce the brief hazard that regidues of
topically applied tepa may represent. The first is that the combined
effects of absorption and metabolism exhibit a high temperature coef-
ficient (approximately 2,6 for topical treatments, compared with a Q4
of 1.3 for injected treatments). Typlcal metecrclogical data from the
cotton growing areas of Central Africa where Diparopsis is prevalent
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were reported by Tunstall, Sweeney and Rose [13], The mean ternpera-
ture in Makanga, Malawi, during the 1956/7 colton-growing season,

for example, was 28,5°C; in Gatooma, Rhodesia, it was 22.5°C. It

is clear thatathigh temperatures approaching 30°C, a more rapid break-
down of tepa would occur, following the release of moths sterilized by
some form of topical application, although at lower temperatures a much
greater persistence would be expected,

The second factor is that Diparopsig is restricted to the coiton plant
and is not found near food crops, Thus the release of tepa-sterilized
moths is unlikely to have harmful effects on man or other mamrmals,
Nevertheless, it is clearly desirable to ensure that virtually no traces
of residual tepa enter the environment, It would certainly be worth while
Investigating the possibilities of improved formulation of tepa, e.g. by
the use of oily solvents which, by diffusing over the whole insect, may pro-
mote faster penetration of the sterilant (cf. Lewis [16]). By such means
a lower effective dose, a more rapid loss of tepa by metabolism and a
congequent reduction in environmental contamination may be achieved.
This possibility is being investigated,

In spite of the observed agglutination of spermatozoa at very high
doses, there was no evidence of secondary damage to the delicate ultra-
structure at dogesg of tepa in excess of the minimum sterilizing dose.
Damage to sperm siructure may occur at even higher doge levels of
the chemosterilant, where insect mortality is high, but because of the
greatly reduced mating at these levels is unlikely to be of significance,
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Abstract — Résumé

STUDY, USING THE GAMMA TRRADIATION TECHNIQUE, OF THE MIGRATION AND UTILIZATION
OF SPFERMATOZOA IN THE BEAN WEEVIL, Acamthoscelides abtectus {SAY).

Males of Acanthoscelides obtectus were irradiated with gamima rays from a cobalt~60 bomb; the
dose used was 9000 rad. These males copulate normally, depositing into the copulatory bursa of non-~
irradiated femnales a spermatophare containing all the paragonial secretions and spermatozoa which migrate
actively towards the spermatheca, The females have a pormal fecundity, but their fercility is nli; the
embryonic development of the eggs laid stops at a very early stage. The successive use of sterile males
and normal males provides a means of studying the migration and utilization of spermatozea in the same
female after two copulations, The spermatozoa deposited doring the second copulation, whether by a
normal make or by an irradiated male, all migrate into the spermatheca, but they are coly partially utilized
to fertilize the ovocytes; in all cases the spermatozoa deposited diwing the first cepulation have a predominant
role, It is probable that the tnixing of the sperinatoroa introdeced. into and stored in the spermatheca after
two successive copulations would be only pattial, even when egg laying s halted for several days due to the
absence of the bean seeds, The use of sterile males in the contiol of Acanthoscelides obtectus will be effective
only if the females encountered are vizgin, This would seem to be fairly rare under natural conditions; when
the density of insects is high the females mate a few hours after birth, The sterile males will therefore have
o be intreduced into the contaminated seed store before the adulis emerge, but the effectiveness of this
method of control tnay be diminished.

ETUDE A L' AIDE D' UNE TECHNIQUE D* IRRADIATION AUX RATONS GAMMA DE LA MIGRATION ET
DE LT UTILISATION DES SPERMATOZOIDES CHEZ LA BRUCHE DU HARICOT, Acamthoscelides obtectus
{SAY).

Les méles d' Acanthoscelides obtectus sont soumis 4 une irradiation de rayons gamma émis par
une bombe au cobalt~80; 1z dose urilisée ost de D000 rad, Ces miies copulent normalement; (s
émettent dans la hourse copulatrice de femelles non irradiées un spermatophore contenant toutes Jey
sécrétions Slabordes par les paragonies, et des spgrmatozoldes qui migtent activement vers 1a spermathique,
Les femelles. ont une fécondité normale, mais leur fertilité est mulle; le développement embryonnaire
desceufs &mis s* arrétant 3 un stade tres précoce, L'emploi successif des méles stériles et de méles normaux
permet d* étudier la migration et 1" wilisation des spermatozoides, chez une méme femelle, aprés deux
copulations, Les spermatozeides, €nis lors du second zccouplernent pat vin mile normal ou un méle irradié,
migrent tous dans 1a spermathéque, mais ne sont que particllement utilisés pour féconder les ovocytes; dans
tous les cas, les spermatozoldes £mis lors de la preridte copulation ont un rdle prédominant. Il est pro-
bable que le mélange des spermatozoides introduits et stockés dans la spermatheque apres denx copulations
successives ne solt que partiel, méme lorsque 1' Emission des ceufs est arrétée, par suite de 1'absence de
graines de haticot, pendant plusieurs jours, L' utilisation de méles stériles dans la lutte contre Acanthoscelides
obtectus ne sera efficace gque =i les femelles rencontrées sont vierges, Ceci semble assez rare dans les condi-
tions naturelles, lorsque la densité d'insectes est £levée, les femelles 5" accouplant quelques heures apres
lewr naissance. Les méiles atériles devront donc étre introduits dans le stock de grains contaminé avant la
sortie des adultes, mais 1'efficacité de cette méthode de lutte pent étre diminuée.

203



204 HUIGNARD
INTRODUCTION

Chez Acanthoscelides obtectus, lorsque deux méles copulent suc-
cessivement avee une méme femelle, deux gpermatophores peuvent
étre déposés dans la bourse copulatrice. Aprés chaque accouplement,

il y a stimulation nette de 1' ovogendse {1], mais la migration,puis 1' utilisa -
tion des spermatozoldes provenant de la seconde copulation n' ont pas été
étudiées jusqu'a présent.

Un certain nombre de recherches de ce type ont &té& entreprises chez
les insectes en utilisant successivement des méiles rendus stériles par
une irradiation aux rayons X ou aux rayons gamma, puis des miles normaux.

Les spermatozoldes émis lors de la premidre copulation jouent un
rdle prédominant au moment de la fertilisation des ovocytes chez Glossina
austeni [2], et chez Heliothis virescens [3]. En étudiant Cylas formicarius
Walker [4) consiate que le premier accouplement est seul efficace. Chez
dtautres insectes, tels que Trichophisia mi, [5] , Carpocapsa pomonella
(6], Epilachna varivestis [7], les spermatozoides émis lors de la seconde
copulation jouent un rdle prédominant, ou deviennent seuls efficaces au
moment de la fertilisation des ovocytes. Lefevre et Jonsson [8], en
&tudiant 1a drosophile, pensent que les spermatozoides émis lors de Ia
seconde copulation provoquent le déplacement d'une quantité plus ou moins
importante de spermatozoides déjd présents dans la spermathéque et jouent
de ce fait un rdle prédominant au moment de la fertilisation des ovocytes,
Chez Musca domestica [9) et Anopheles gambiae [10] le mélange des
spermatozoides, provenant des deux copulations, serait total et leur utilisa-
tion se ferait au hasard.

Ltinfluence des spermatozoldes émis lors de la seconde copulation varie
donc suivant les insectes. Au cours des expériences, nous atudiercns la
fertilité des femelles d'Acanthoscelides obiectus, mise en présence de
méles normaux puis de méles rendus stériles par une irradiation aux
rayons gamma (ou inversement).

1, METHODES

Les bruches utilisées au cours des diverses expériences appartiennent
4 la lignée II, sélectionnée par Labeyrie [11]. Les femelles dont la f&-
condité est élevée ne pondent qu'en présence de graines de haricot (stimulus
indispensable),

Les méles sont séparés en deux lots, placés dans des conditions iden -
tiques dés leur naissance. -

Premier lot: Les méles sont soumis, 4 1?4ge de 3 jours, 4 une irradiation
de rayons gamma émis par une bombe au cobalt-60.
La dozse utilisée est de 9000 rad; aprés ce traitement,
comme l'ont constaté Pesson [12], Cavallore et Bonfanti
[13], tous les miles sont stériles.

Deuxiédme lot: Tous les males sont normaux.,

Tous les insectes utilisés au début des expériences sont gés de
4 jours.



1AEA-SM-138/14 205

L' étude histologique des spermatophores prélevés aprés les diverses
copulations est faite sur coupes aprés fixation au Bouin, puis coloration
4 1'Azan.

2. EFFETS DE LYIRRADIATION SUR LYACTIVITE REPRODUCTRICE
DES MALES

Lorsque les méiles irradiés mis en présence de femelles vierges
normales copulent, un spermatophore contenrant les diverses secreétions
miles &laborées par les paragonies et les spermatozoldes est déposé
dans la bourse copulatrice de ces femelles. Les spermatozoides irradiés
sont activés dans le spermatophore, d la fin de la copulation, puis migrent
dans la spermathéque. La migration des spermatozoldes est achevée,
deux heures aprés la copulation, aussi bien chez les femelles ayant copuld
avec un miale normal, que chez les femelles ayant copulé avec un méle
irradié. L'irradiation des spermatozoides par les rayons gamma ne
modifie donc pas leur activité.

La fécondité et la production ovarienne des femelles, isolées aprés
une seule copulation aveec un méle irradié et placées en présence continue
de graines de haricot (stimulus nécessaire d la ponte) sont identiques 4
celles des femelles témoins ayant copulé avec un mile non traité. Les
différences observées {(tableau 1) ne sont pas significatives. L%introduction
du spermatophore &émis par le mile irradié a donc normalement stimulé
1’ ovogenése comme cela a été mis en évidence chez Acanthoscelides
obtectus |1]. La fertilitd, cependant, est nulle; le développement embryon-
nzire des ocufs pondus s'arr&te 4 un stade trés précoce; il y a done eu
fertilisation des ovocytes par les spermatozoldes irradiés. Grosch [14]
penge gue llirradiation provoque des aberrations chromosomiques, au
niveau des spermatozoides, et 1' ceuf fertilisé par ceux-¢i ne peut se
développer.

Ce phénoméne nous permet df dtudier la migration puis 1t utilisation
des spermatozoides provenant de deux copulations successives chez des
femelles mise en présence d'un méle normal et d'un méle irradié, Les
ceufs ayant un développement embryonnaire complet ne peuvent 2tre ferti-
lisés, dans ces conditions, que par des spermatozoides non irradiés.

TABLEAUI. EFFETS DE LTIRRADIATION SUR LE POUVQIR
FECONDANT DES MALES

Femelles mises NP
Femelles Valeur de Signification
témoins (n = 74) yeo males t du test €
irrediés (n = 90) u test
Fécondits
moyetine 57,2 aT,5 0,14 -
Fertilité
moyenna 51.7 o - +
Production
ovarlenne
meoyenna 58,2 59,4 4,12 -
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3. UTILISATION DE MALES IRRADIES ET DE MALES NORMAUX
AU COURS D'EXPERIENCES DE COPULATIONS SUCCESSIVES
AVEC DES FEMELLES NON IRRADIEES

3.1. Description des expériences réalisées

Les femelles de la lignée II sont mises en présence d!un premier méile
au début de 11 expérience, puis d'un second méile quatre jours plus tard.
Aprés chaque copulation le m&le est retiré et les femelles sont isoclées
dans des boftes dt élevage. Durant les six premiers jours les femelles
privées de graines de haricot n' émettent aucun ceuf. Le sixiéme jour
les femelles sont mises en présence de graines de haricot et commencent
i pondre.

Comme il n'y a eu aucun ceuf émis jusqu'!au sixidme jour, on peut
supposer, qu'au début de la période de ponte, la spermathéque contient
des spermatozoides, émis lors des deux copulations en quantités équi-
valentes. A ce moment, Bi le mélange était total, 4 1'intérieur de la
spermathéque, tous les spermatozoides auraient autant de chances de
fertiliser les ovocytes.

Les expériencee sont réalisées sur trois lots d'insecteés, de la mame
génération, placés dans des conditions rigoureusement identiques, pour
limiter au maximum la variabilité (fig.1}.

Expérience 1 (tmoins): Les femelles sont mises en présence de deux
méles normaux.

Expérience 2: Les femelles sont mises en présence d'un méle normal
puis d'un male irradié,

Expérience 3: Les femelles sont mises en présence d'un maéle irradié
puis d'un mile normal,

JOLRS
1]2]aja]s 7189 |10]n|12|1]|a
or o
N L
EXp1
o d
N, L
EXP. &
a* d'
L N,
EXFR 3
absence de graines | présence de graines

d'N, : male normal
o). : méle irradié

FIG.1. Schéma des trois expériences.
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3.2. Résultats obtenus au cours de 1! expérience témoin

La fécondité élevée, le septidme jour, juste aprés 1fintroduction des
stimulus de ponte, décroit progressivement au cours de 1! expérience.

En &tudiant quotidiennement 1' ensemble des femelles pondeuses, on
constate que le rapport r entre la fertilité et la fécondité varie peu durant
les dix premiers jours de 1'expérience; 10 a 15% des ceufs émis ne sont
pas fertilisés,

Durant les derniers jours de 1" expérience, le rapport r diminue, le
taux d! ceufs non fertilisés augmente, mais cette variation est peu significa-
tive &tant donné la fécondité individuelle de chaque femelle, irés réduite
4 ce moment {tablean I},

Utilisation des résultats de 1T expérience témoin dang le calcul de la
fertilité thaorique

Au cours des expériences utilisant successivement un méle irradié
et un méle normal nous ne pouvons pas comparer les fécondités et les
fertilités des femelles, car 10 3 15% des ceufs n'ont pas &ié fertilisés
et il est difficile de les distinguer des ceufs ayant eu un développement
embryonnaire averté 4 cause des spermatozoides irradiés. Cependant,
les femelles témoins peuvent nous servir de points de comparaison; nous
pouvans supposer que la valeur quotidienne du rapport r serait susceptible
de varier dans des proportions identiques si tous les mdles mis en présence
des femelles lors des expériences 2 et 3 &taient normaux.

Dans ces conditions on peut déterminer quotidiennement, compte
tenu de la fécondité de 1' ensemble des femelles, la fertilité théorique.
La valeur de la fertilité théorigue serait celle obtenue si tous les méiles
mis en présence des femelles, lors des expériences 2 et 3, ntavaient subi
aucune irradiation.

Cette fertilité théorigue (fy ) pour le jour n sera

fth=anrn

F, = fécondité des femelles en expérience le jour n

fertilité
rapport ———
n PPt condité

ry
I

trouvé chez les femelles témoins le jour n

La fertilité théorique nous servira de valeur de référence; la dif-
férence obtenue, le jour n, entre la fertilité théorique et la fertilité ex-
périmentale, ne pourra aire due qu'ad 1'influence des spermatozoldes
irradiés.

3.3. Résultats obtenus lors de I' expérience 2

En étudiant le tableau III, nous constatons que la fertilité expérimentale
est nettement différente de la fertilité théorique; la valeur du X* {282)
&tant ireés supérieure & la valeur limite (18,48 pour 7 D.L.) pour un coef-
ficient de sécurité de 99%,

Les spermatozoides irradiés issus de la seconde copulation migrent
donc dans la spermathéque et sont utilisés pour la fertilisation des ovocytes.
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& FERTILITES MOYENMES
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FIG.2. Etude quotidienne de la fertilité rhéorique moyenre (C) et de la fertilité moyenne des femelles
au cours de 1' expérience (D), (Moyemne expérimentale m 4 t X sm pour vn coefficient de sécurité de 95%;

t=1,96 dans les conditions de 1' expérience. )
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FERTILITES MOYENNES
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FIG.3. Frude quotidienne de la fertilité théorique moyenne (A) et de la fertilitE moyenne des femelles
au cours de I' expérience (B). (Moyenne expétimentale m 4 t X sm pour uit coefficient de sécurité de 959%;
t =1,96 dans las conditions de 1" expérience. )
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L' 2tude du rapport I, entre la fertilité expérimentale et la fertilitd
théorique, relativement constant pendant toute la durée de 1t experlence
montre que les spermatozoides non irradiés, issus de la premiére copula-
tion, ]ouent un rdle prédominant dans la fertilisation des ovocytes,

L étude quotidienne de la fertilité theorlque moyenne et de la fertilité
moyenne des femelles au cours de ' expérience (fig.2) confirme ce résultat:
75% des ceufs pondus sont fertilisés par les spermatozoides émis par le
méle normal,

3.4. Résultats obtenus lors de 1t expérience 3

Nous constatons également que la fertilité expérimentale est trés
différente de la fertilité théorique, la valeur du X? (1108) &tant trés
supérieure 4 la valeur limiie (18,48 pour 7 D.L.) pour un coefficient de
sécurité de 99%. Les spermatozoldes normaux, émis lors de la seconde
copulation pénétrent donc dans la spermathdque, mais ne jouent pas un
rdle prédominant dans la fertilisation des ovocytes puisque le rapport I,
reste voisin de 0,35 durant toute 1' expérience (tableau IV).

35% des ceufs pondus ont donc été fertilisés par les spermatozoides
émis par le méle normal durant la seconde copulation; la figure 3 montre
bien la différence existant au cours de 1' expérience enire la fertilitd des
femelles et la fertilité theorique.

3.5. Interprétation des résultats

Ces expériences montrent qu! une irradiation de 9000 rad ne modifie
ni Mactivité des spermatozoldes irradiés, ni leur aptitude 3 fertiliser les
ovocytes chez Acanthoscelides obtectus. Dans tous les cas, les sperma-
tozoldes émis lors de la premiére copulation, qufils soient normaux ou
irradiés, jouent un rdle prédominant dans la fertilisation des ovocytes.

Lt étude de 1t évolution journalidre du rapport I, et du rapport 1-I,
(correspondant aux ceufs fertilisés par les spermatozoides irradiés),
montre que les deux courbes obtenues se superposent (fig.4).

On doit admetire dans ces conditions, que 65 4 75% des ceufs pondus
par les femelles ont été fertilisés par les spermatozoides, déposés dans
la spermathéque lors de la premiére copulation,

Curtis [2] observe le mé&me phénoméne chez Glossina austeni bien que
les spermatozoides normaux et irradiés déposés dans la spermathéque
aient également la m&me valeur compétitive. -

Plusieurs hypothéses peuvent &tre envisagées pour expliquer ce
phénomeéne.

1) Etant donné 1'état de réplétion de la spermathéque, aprés le premier
accouplement, on peut supposer que la migration des spermatozoides émis
lors de la seconde copulation ne soit que partielle. La plus grande partie
des spermatozoldes, émis dans ces conditions, demeurait a 1! intérieur du
second spermatophore.

La spermathéque pourrait done contenir un plus grand nombre de
spermatozoldes provenant du premier accouplement et ceux-ci auraient
de plug grandes chances de fertiliser les ovocytes. En &tudiant sur coupes
histologiques des spermatophores prélevés vingt, quarante puis scixante
minutes aprés la seconde copulation, on constate que la migration des
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FIG.4. Etude quotidienne de 1 &volution du rappott I3 (expétience 2) et du rapport 1-1g (expérience 3),

spermatozoides est totale. On ne trouve pratiquement plus de spermatozoldes
dans le deuxidme spermatophore déposé a 1'intérieur de la bourse cepula-
trice de la femelle ni dans les voles génitales soixante minutes aprés
1"accouplement.

Cette hypothése ne peut donc #tre admise; la spermathéque, au début
de la période de ponte, doit sans doute contenir des quantités probablement
égquivalentes de spermatozoides émis par les deux méiles successifs,

2) On peut supposer que le mélange des spermatozoides provenant des
deux copulations ne soit que partiel, les spermatozoides issus de la pre-
miére copulation restant localisés dans la région du ductus receptaculi.
Etant donné 1t état de réplétion de la spermathéque, les spermatozoides en
rétention sont en effet peu mobiles, et on peut concevoir dans ces conditions
que le mélange se fasse difficilement. Flint et Kresgsin arrivent 4 la méme
conclusion chez Heliothis virescens [3), la premiére copulation jone égala-
ment un rdle prédominant et le mélange des spermatozoides 4 1'intérieur
de la spermathéque ne serait que partiel.

Chez la drosophile, Lefevre et Jonsson (8] pensent qu'il existerait une
circulation continue des spermatozoides du réceptacle vers 1f oviducte, et,
le réaccouplement provoquerait un déplacement en plus ou moins grande
proportion des spermatozoides déjd présents dans la spermathéque.

Gugler, Kaplan et Kidd [15] ont d'ailleurs constaté, par autoradio-
graphie, que des spermatozoides marqués avec de la désoxycytidine tritiée,
émis lors de la seconde copulation, sont beaucoup plus abondants dans la
spermathégue, que les spermatozoides non marqués provenant du premier
accouplement. Ils ont donc plus de chances de fertiliser les ovocytes,

L' hypothése d'un déplacement des spermatozoides, aprés la seconde
copulation, peut &tre envisagée chez Acanthoscelides obtectus. L!arrivée
de nouveaux spermatozoides dans la spermathéque provoguerait un déplace-
ment du sperme déjd présent, puis 4 la fin de 1a migration, un rassemble-
ment des spermatozoides emis par le premier méile, dang la région du




214 HUIGNARD

ductus receptaculi, La densité des spermatozoides restant élevée, a
1*intérieur de la spermathéque, et leur mobilité réduite, on peut trds bien
concevoir que le mélange des spermatozgides reste pariiel pendant toute
la durée de 1! expérience.

Une étude autoradiographique, & 1'aide de spermatozoides marqués
par un isotope radicactif, devra &tre entreprise pour vérifier cette
hypothése.

4. UTILISATION DES MALES IRRADIES DANS LA LUTTE BIOLOGIQUE
CONTRE Acanthoscelides obtectus

Ltirradiation des méles par les rayons gamma, a la dose de 9000 rad,
ne semhle pas modifier leur comportement sexuel,

Des femelles vierges de la lignée 1I sont mises simultanément en pré-
gsence d'un méle vierge irradié, et d'un méle vierge normal, Ces méles
fgés de 4 jours, proviennent de la maéme génération de bruches sélectionndes.
Les femelles sont laissées en présence des miles durant six heures, puis
sont isclées dans des boftes d' élevage contenant des graines de hamcot
Pendant six heures, %5% des femelles ne s'accouplent qulavee un seul
méle; leur bourse copulatrice ne contient d'ailleurs qu'un seul spermatophore.

Régultats de 1'expérience: 182 femelles sont &tudides:
- 96 pondent des ceufs fertiles et se sontdonc accouplées avec unméile normal
- 86 pondent des ceufs dont le développement embryonnaire avorte

et ont donc copulé avec un mile irradié.

3i I'accouplement se faisait au basard chaque mdle aurait autant de
chances de copuler avec la femelle. 91 méles normaux et 91 mdles irradiés
devraient donc copuler avec les 182 femelles.

Comparons les valeurs théoriques et expérimentales; le X% (0, 54) est
nettement inférieur & la valeur limite (6,64 pour 1 D.L.) pour un coefficient
de sécurité de 99%.

Ltaccouplement se fait done au hasard et le méile irradié a autant de
chances de rencontrer la femelle que le méle normal, dans les conditions
de 1! expérience. Les méles stériles introduits dans une popuiation de
bruches auront done le méme comporiement sexuel que les méles normaux.
Cependant, ils ne seront vraiment efficaces dans la lutte biologique que
s!ils s'accouplent avec des femelles vierges, puisque la premidre copula-
tion joue un réle prédominant. Or, dans les lieux de stockage ol les graines
sont contaminées la densité d!insectes est trés élevée et les femelles
s'accouplent généralement quelques heures aprés leur naisgance,

Les miles stériles devront donc atre introduits dans le stock de grains
contaminé avant la maissance des adultes. Ils enireront en compétition avec
les jeunes m#les normaux, nés en méme temps que les femelles: 1 offi-
cacité de la lutte & 1'aide des males irradiés contre les pullulations de
bruches du haricot risque, dans ces conditions, d! &étre diminuée.

CONCLUSIONS

Les méiles d'Acanthoscelides obtectus sont soumis 4 une irradiation de
rayons gamma €mig par une bombe au cobalt-60; la dose utilizée est de
89000 rad. Ces mnfiles copulent normalement; ils émettent dans la hourse
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copulatrice de femelles non irradiées un spermatophore contenant toutes
les sécrétions élaborées par les paragonies, et des spermatozoides qui
migrent activement vers la spermathdque. Les femelles ont une fécondité
normale, mais leur fertilité est nulle, le développement embryonnaire
des ceufs émis slarrédtant 4 un stade trés précoce.

L'emploi successif des m&les stériles et de méles normaux permet
d! étudier la migration et 1! utilisation des spermatozoides, chez une mame
femelle, aprés deux copulations. Les spermatozoides, émis lors du se-
cond aceouplemeént, par un mile normal ou un mile irradié, migrent tous
dans la spermathéque, mais ne sont que partiellement utilisés pour féconder
les ovocytes; dans tous les cas, les spermatozoides émis lors de la pre-
miédre copulation ont un role prédominant. Il est probable que le mélange
des spermatozoides introduits et stockés dans la spermathéque, aprés deux
copulations successives, ne soit que partiel, méme lorsque 1t émission
des ceufs est arrdtée, par suite de 1'absence de graines de haricot, pendant
plusieurs jours.

Ltutilisation de médles stériles, dans la luite contre Acanthoscelides
obtectus, ne sera efficace gue si les femelles rencontrées sont vierges.
Ceci semble assez rare dahs les conditions naturelles, lersque la densité
dl insectes est élevée les femelles s'accouplant quelques heures aprés leur
naissance., Les méles stériles devront done &tre introduits dans le stock
de grains contaming avant la sortie des adultes, mais 1 efficacité de cette
méthode de lutte peut dire diminuée,
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DISCUSSION

L.E. La CHANCE: In your double-mating studies you showed that
sperm from irradiated males was utilized by females as well as that
from normal males, but that the sperm from the first mating was pre-
dominantly utilized, regardiess of whether the male was freated or not.
Why then do you conclude that the sterile-male technique would require
excessive numbers of released males, i.e. more than would normally
be required?
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J. HUIGNARD: The young males are usually more competitive than
the irradiated males introduced into the contaminated stored grain, which
are of course older. The sterile males could no doubt mate with a certain
number of females, but they risk being ousted by the new-born males.
That is why I think that the sterile-male method must have a reduced
effectiveness unless a very large number of irradiated males are introduced.

M.E. TZANAKAKIS: Was the duration of the first mating of the female
the same as that of the second?

J. HUIGNARD: Yes, the second mating lasts as long as the first, about
seven minutes,
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Abstract

THE RESPONSE OF THE FEMALE ARTHROPOD'S REPRODUCTIVE SYSTEM TO RADIATION AND CHEMICAL
AGENTS.

This paper propases more utilization of altered female reproductive performance when devising new
approaches to population collapse of pests. Tt discusses results obtained and methods of analysing the mode of
action of a vatiety of chemical agents in addition to X and garnma rays.

An extremely {mportant feature which determines whether a population will survive or collapse in
response to a deleterions influence is the mazitnum number of offspring per female equal to the number of
functional eggs produced, Fecundity data can be compared with the Wallace diagram of expectations from
induced daminant and recessive mutational contribution to extinction.

Females in which ovaries fajled to develop, or in which the ovaries have been destroyed may serve as
the optimum siphon for sperm from a population's males provided females remain atrractive and receptive,
Peak vulnsrability to destructive agents usually occurs during pre-imaginal development, But in some species
where internal transformation lags behind extemal appearance, the opportunity for complete destruction exists
in so=called adults,

The alternative situation is ene In which the ovaries are fully mature, Two main categories are met
here; (1) with oocytes already differentiated to provide for 1/3 or more of the lifetime egg deposit, or (2) with
a minor portion of the potential eggs differentiated to oocytes but the major portion as undifferentiated gonial
or stem cells, Because of features uniquely suited to such investigations, most of the truly analytical experi-
ments revealing differences in the responses of cell cypes have been performed in Bracon, but the analysis
can be extended to other species, Daily egg production records over an appreciable perlod are required.
Then average performance for the most appropriate perdod of time {= plotted. Also plotted is cumulative egp
producton, Characteristic curves distingujsh between agents which cause chromosomal damage (radiations,
alkylating agents) and those which interfere with ourse cell function (antimetabolites). A quite different
rasponse i8 obtained with agents which attack somatie tissues (toxic metals, chlorinated hydrocarbons),

In conjunction with oviposition stndies, information on egg hatchability provides important corroborative
evidence. The analysis should not stop with scoring the unhatched eggs. A determination of stage of
embryonic death may provide conclusive evidence on meode of action.  The fallure to complete cleavage
and set up & blastederm can be identifled and distinguished from all other types of moribund conditions or
stages of death. This feature {s characteristic of potent chemosterilants which damage chromosomes,

1. INTRODUCTION

Although a few scattered references Indicate that the sterilized
female can play a positive role In a control program [1,2], the female has
been the neglected sex. Two factorsg have contributed to the situation.
Meller's classic technlques for detecting mutatfon employed treated males,
and credit for the U1,S.D.A. success in controlling the screw—worm has been
attributed to the males released. This paper proposes greater utilizatiom
of altered female reproductive performance when devising new approaches to
the ccllapse of pest populations. Auspiciously the active competitiveness
necessary for males to carry genetic defects into a population 1s neo problem
when females are used in species where her role in mating is a passive one.
She needs tc be merely attractive and receptive to the male.
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The consequences of introducing female sterility genmes into a
natural population has already been discussed (although briefly) at an
I.A.E.A. symposlum [1]. An extreme type of female sterility will be described
below. In addition, the kinds of responses to chemical agents snd radiations
will be identified, and methods of analyzing their modes of action will be
explained.

2, SIGNIFICANCE OF FECUNDITY

In our desire for means of rapid eradication we tend to lose sight
of the important biological feature which determines whether a population will
survive or collapse in response to a deleterious influence. This is the
maximum number of offspring per female, in turn limited by the number of
functional eggs produced. This paper directs attention to this subject.

Although a number of factors are imvolved in evaluating the damage
from a mutagenic and cytotoxic agent, Chamberlain [3] found a composite
evaluation possible if he employed a formula in which the important terms
represent the number of viable eggs per female in the control and the treated
group; furthermore, when the amount of dominant lethality has been determined
from dose va, effect experiments, 1t is possible to construct survival-extinction
curves which show the average number of eggs each female must produce if the
population to which she belongs is to persist. Laboratory experiments with
Droscophila populations verified the predictive success of this theoretical
treatment [4]. ¥For genes with specific deleterious effects only when homozygous,
a similar estimate is possible. Again it devolves to the number of eggs a
female must produce im order to waintain heterotic systems involving a given
mumber of independent gene loci [5].

Many insect types fall within the Drosophila fecundity range of
300 to 500 eggs per female. On the other hand, Anopheles mosquitoes which
survive long enough to lay 10 batches of eggs can produce 2500 eggs each [6].
This impressive figure provides a reproductive potential equivaleut to that
of the primitive arthropod, Artemia salima. Nevertheless, because so much of
this potential is a reserve used to buffer drastic shifts in envirommental
influences, only a fractiomal reduction in fecundity creates a situation
precarious for the survival of Artemisa populations [7].

3. COMPLETE ABSENCE OF QVARIES

The ultimate state of infecundity is exhibited by females lacking
functional ovaries. Females in which ovaries failed to develop, or in which
ovaries have been destroyed could serve as the optimum type of siphon for sperm
from males of an unwanted species,

The parasoid wasp Bracon hebetor is useful in biological control
of Lepidopteran pests. As such, fecundity is desired. Our investigatione
are pregented to exemplify extreme cases usually considered undesirable.
Typically these are identified by a failure to oviposit despite avid feeding
on the host caterpilllar. Because of the parthenogenetic production of normal
males, mating is not obligatory for oviposition. Upon dissection of this
type of female, no ovaricles are evident but a1l other components of the
reproductive system are present. These comprise the spermatheca and spermathecal
glands, the lubricating gland, the peison glands and reservoir, the sting and
all associated tubes and ducts. The condition can be the final stage of
ovarigle deterioration fellowing exposure to a potent alkylating agent, or it
may be caused by true gene mutation. One such case appeared several years ago
in an inbred laboratory line. Easily maintained in the heterozygous condition,
it differs morphologically from induced examples by the absence of the groups
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of tracheae ordinarily serving the ovarloles. Fellowing the destruction of
formed ovaricles, obvious bundles of tracheoles are found close to the distal
end of the oviduct. The presence of sperm in the spermathecae have provided
evidence that such types attract mates and allow mating.

4, DESTRUCTICH OF OVARIOLE CONTENTS

Tissues of the ovariole sheath are inseunsitive to iomlzing radiation.
The intact tubes filled with degenerating nurse cells and cytolytic debris
characterize the ovaries in Bracon [8], Drosophila [9], and Callitroga [10]
within a week after 5000 R or more. Even more comprehensive destruction ean
result from irradiating pre~imaginal Insects. A most impressive example was
obtained by X-raying Bracon pupae. Instead of ovarioles, the adult structures
were short, horp—1ike sacs filled with acellular debris [11].

In general, peak vulnerability of the ovariocle contents occurs
before the imaginal stage. But in some species where internal transformation
lags behind external appearance, immature ovaries are still awailable during
the first few days of adulthood (flies}) or until special nutritionmal
requirements are met for maturation (mesquitoes). Thus the opportunity for
producing females without ovaries exists in so-called adults. Whether formed
material is destroyed or whether the development of the ovary is halted is
secondary to the main purpose of producing females which lack ovaries.
Aminfprerin, nitrogen mustard, and colchicine, three quite different types
of agents, have accomplished this in houseflies [12] by interfering with
growth of the ovary, each agent in its own fashion.

5. A SOLUTION OF THE PROBLEM OF DIFFERENTIATED OGCYTES

Insects which develop fully matured ovarioles before adulthood £all
into two main categories:~ (1) those in which sufficient oocyteés are already
differentiated te previde a third or more of the lifetime egg deposit, or
(2) those with only a minor porticn of the potential eggs differentiated to
cocytes. The former appears to pose more of a problem in insect comtrol
beceuse differentiated oocytes in certain stages of meiotic prophase are
surprisingly radioresistant. A further complication is added by the
possibility of parthenogenetic development of the sperm nucleus in heavily
irradiated cytoplasm [13]. Once the follicle-emclosed, trophocyte-nourished
vocyte is fully developed it tends to produce an ovum despite massive doses
of radiation., While radiation alone cannot halt egg production completely
it can do so in combination with a carefully selected antimetabolite as
demonstrated in the following experiment.

Figure 1 presents the average egg production of & samples of
10 female braconids each. Filve of the samples ingested a single meal
of 6-diazo-5-oxo-L-norleucine (DON) from a dilution series prepared by
dissolving 10 mg of DON in 25,50,100,200, and 400 ml of saturated sugar
polution. As shown, no eggs were deposited by females fed the two higher
concentrations until the fourth and fifth days respectively. Subsequently
egg production climbed guickly to control levels.

Te determine whether this pattern of oviposition does indeed
result from cell destruction, additional samples of 30 wasps were fed the
higher concentrations. Of these samples five females were dissected each
day. Within 24 hours only diffuse granular debris remained in the egg
accumulating region of the ovarioles. Subsequently within 2 to 3 days
deterioration of the entire oocyte sequence became evident. Except for the
vogonial masses in the blind ends of the tubes, no formed elements persisted
within the sheaths.



220 GROSCH
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FIG.1. The average number of eggs deposired per day by samples of bracomid wasps (Bracon hebetor Say)
fed a single meal from one of a series of 6-diazo=-5-oxo=norlencine (DON) soluzions prepared in saturated
sugar water, The DON solutions ranged from 0. 0002 to 0, 004%. The most dilute solution decreased egg
production for only the first three days, Females fed the most concentrated solution laid no eggs until the

éth day and required three additional days to attain the control level, No significant differences from contral
values were obtained after the 9th day for any of the samples.

Repopulation of the ovarioles dominated the histological aspect
on the fourth and fifth days. A complete polytrophic gequence filled the
overioles before oviposition began again. The pattern of response to DON
ie in direct contrast to that observed after delivery of X or gamma rays.
After irradiation intra-ovariole debris ir slower to appear and it is the
vogonia of the distal end of the ovariole which are destroyed [§].
Therefore if completely infecund females are desired, the two agents complement
each other exactly. Figure 2 shows what happens when a radiation dose which
halts egg production after five days is combined with a DON dose which
eliminates egg production for the first five days. A group of females was
produced which never laid any eggs. The fecundity of thelr sisters is
shown by the control data plotted as well as by the impressive oviposition
of the DON group after the eighth day.

6. REVEALING DIFFEREKCES IN CELL TYPE SENSITIVITY
Now we will consider situations im which only part of the ovariole

contents are destroyed. A decrease in the total number of eggs deposited by
a group of females indicates nothlng more than a deleteriousmess of the
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FiG,.2. Awverage dally egg produceion for three samples of treated braconids contrasted with contrel values; =

after 6000 R of *®Co gamma rays (designated RAD), after a single meal of 0, 004% DON {designated DON),

or both treatments {(designated BOTH), All treatments wers at time zero.

agent ugsed. It wmay even reflect damage to somatic organ systems rather than
destruction of the germ lime. Experiments to reveal differences in the
responses of the ponad's cell types require egg—producticn records per unit
time. The entire period of time covered by such records must bhe long enough
to include eggs derived from the most primitive type of precursor cell as
well as the mest highly differentiated kind of cocyte. In addition, the
females of the groups compared must possess an equivalent mumber of
functional covaries, and only fecund females are considered.

LaChance's laboratory applied this approach to Cochliomyia
hominivorax [10,14,15], accomplishing the task for a pest in which each ovary
contains more than 100 ovarioles, each of which can produce an egg for each
egg mass. Perhaps it 1s the labor more than any other factor which explains
a aparse literature. Be that as it may, by sequencing the deposits and
correlating them with a cytological study of ovariole comtents, LaChance
succeeded in determining the comparative radiosensitivity of cell types.

At the same time he established the vulnerability of trophocyte endomitosis
in the screwworm, a substantistion of earlier reporte on Bracem {8].
Furthermore, certain Dresophila data provide additional corroboration when
regrouped. Particularly interesting are the egg deposits of the 3000 R
experiment by Abrahamson and Herskowdtz [16]. When pooled by days instead

of shorter periods a decline during the first week bhecomes obvious for females
receiving the acute dose. In contrast fractiomated delivery of the same

dose has little effect. Unfortunately no one has made the 30 to 40 day study
of oviposition rate in treated Drosophila as recommended nearly 40 years ago
[171.

In contrast to meny other insects coneidered, Habrobracon's medest
egg production from only twe synchronized ovarioles per ovary has proved
uniquely suitable for analytical experiments. Five diatinct types of modifi-
cation in the wasp's oviposition pattern were identified pravioualy [18]1.
Briefly these are (I) the family of two-humped curves obtained with low and
moderate radiation exposures. The interposed valley attests to the vulner-
abllity of transitional cells in mitosis [19]. Recently similar curves have
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FIG. 3. A comparison of different types of egg production curves which fesult i 100 egg deficits from
contrc} totals, The Roman numerals refer to a elassification of curve types presented in the text. For the
sake of figure clarity, curve type VI is not drawn here but the DON curve of Fig. 2 can serve as an example.

been obtained with a potent alkylating chemosterilant, apholate [20].

Higher doses of radistion destroy the oogomia. This kind of response,
designated II, was shown on Figure 2. A third situatfon (EII), a constant
deficit in eggs every day seems to be characteristic of somatic debility.
This has been produced by Fourth Peried cation poisoning, classic organic
enzyme inhibiters, and recently by heptachlcr, a chlorinated hydrocarbon
ingecticide [21]. Completely different organ systems may be attacked by
the different kinde of agents. The fourth kind of pattern (IV) iz induced
by antimetabolites which cause a valley to develop two to three days earlier
then a radiation induced low polnt, i.e. a low by the third day [22]. Still
another type of curve (V) has been obtained with agents which temporarily
inhibit mitosis [23]. In this case there is a compensatory deposit of eggs
which makes up for earlier deficits. The present report of DON destruction
of ococytes adds a sixth kind of curve (VI) in which egg productiom stays

at zero for the first five days and then rises to control levels. A

lower total number of eggs deposited may be due to any one of at least four
kinds of modifications in egg production. Figure 3 demonstrates how a

100 egg deficit might result.

Whereas a plot of the day-to-day average serves to reveal differences
in the sensitivity of the cell types by demonstrable pesks and walleys, plotting
the cumulative total emesbles a rate comparison, reflected in the slopes of
the lines. Also this kind of plot opens the door to statistical analysis
via the methods of linear regression. For Bracon the approach has been helpful
in analyzing the reproductive performance of females from Biosatellite
experiments [24]. The typical radiation response shows an obvious inflection
and lower rate of epgg deposit from days & te 10; subsequently, the rate
retures nearly to control levels. Figure & shows data plotted after groups
of females were subjected to one of several agents. The response is quite
differeg; from that to irradiation., The daily deficit for wasps poilsoned
with Ni ° or with arsenite is reflected in a lower rate of deposit, and
hence divergence from the control Iine., Methotrexate, a folile acid antagonist,
induces a very low rate of egg production untll after the sixth day, although
subsequently in the eecond week an appreciable slope is apparent.



TAEA -SM-128/25 223

CUMULATIVE EOGS

e 10
DAYS
FIG.4. Cumulative egg production, Each line plots the average for 2 sample of 20 braconids, “As" desipnates
the resuls from a single meal of 0, 00%% sodium arsenite. " Ni" {ndicates results after an 0. 001% NiSG,
feading. "Meth" {dentifies resuits after a 0, 07% methotrexate feeding. All solutions were in sugar water
presented at time zero,

TABLE I. THE PERCENTAGE OF EGGS WHICH HATCHED AFTER
DEPOSIT BY BRACON FEMALES FED CERTAIN CHEMICAL AGENTS
OR IRRADIATED

Cell Type

From Which Coeyres Transitional Cogonia (‘;:ﬁ;';ia)
Derived: i

Days: 1-5 8 =10 11 =15 16 - 2¢

Comtrol 08,1 5.6 83,4 78,5
DON
0, 004% - 91,5 89,9 8.7
MaAsO,
0. 005% .2 85.8 89,3 78,5
NiSOy
0. 001% 68,2 81,5 80,17 82.5
2000 R
Co-60 15,8 67.6 80,1 58,9
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7. CORROBORATION FROM HATCHABILITY AND STAGE OF DEATH

Information on egg hatchability and the stage achieved before death
of the embryo is important for establishing an agent's mode of action. Most
significant as an indication of inducers of chromosome aberration and gress
nuclear damage is poor hatchability in which a majority of embryos died in
what Von Borstel's laboratory has called Stage 1 Death [25].

Not every chemical agent which interferes with epg production
induces damage in genetic mechanisms. Ae evidence of this, Table 1 presents
hatchability summarized by five day periods to correspond to the cell type
in the ovaries at the time of treatmemt. This recognizes that eggs destined
ta be deposited on a particular day were in one of the precursory stages on
the initial day of an experiment.

An additional category, Days 16~20, is distinguished on the basis of
age of the mothers. B. hebeter females typically enter their senile decline

on the 15th day, as is reflected in the decreased hatchability of contral
groups of eggs.

Helther DON mor Nais®, lowered hatchability impressively. 4n
initial low hatchablility, such®as that produced by Nitt seems characteristic
of toxic fourth perled cations {unpublished data), evidently due to their
incorporation into the oocytes. For contrast, data from a radiation
experiment is shown. Egg hatchability is impressively lower throughout the
reproductive period of the irradiated females.

A further difference in mode of action is revealed when a classi-—
fication of the atages of death is considered. After 2000 R of Co—60
ganmma rays a majority (68%) of the embryos were classifiable as Stage 1
Deaths. Om the other hand, this type of embryonic death was not obtained
as a response to the chemical agents of Table 1, The rare cases seen did
not even ampunt to control proportlons of 6% during the first five days.
With maternal aging this decreased to 2% for the senile perjiod. In cther
words, except In the radiation experiment, embryo deaths cccurred late in
development. Stage 1 Death results from an inability to accomplish cleavage.
Instead of a cleared egg periphery representing blastoderm formatiom, Stage
1 Death 1is a non-homogenecus, cloudy white moribund state. As the moat
frequent kind of radiatiom-induced dominant lethality, something equivalent
to the braconid example presumably characterizes the zygotic deaths inherent
in the screwworm “sterility" approach. Bracon merely provides exceptionally
suitable material for detecting deviations from the normal course of develop—
ment. The thin chorion is so tranaparent that a miecrescopist can see exactly
what is happening inside an egg without recourse to microtechnique,

8, RESFONSE TO THE INKHIBITION OF DNA SYNTHESIS

More subtle responses in cell type sensitivity than those yielding
deficits of 100 eggs or more can be detected by the careful sequencing of
egg production. An extremely important matter in our understanding of the
operation of the polytrophic ovariole is the time of DNA synthesis.

Beginning with tests of FUDR by Dr. Roger H. Smith {M.S. Thesis
North Carolina State University, 1962}, experiments subjecting braconid
females to a variety of DNA inhibitors have been performed. Several
herbicides including propanil eeemed ineffecdtive, as well as the antibiotic
novoblocin. Perhaps some of these compounds need to be reconsidered from
the perspective of recent experiments with hydroxyurea.
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EGGS PER FEMALE

DAYS

FIG. 5. Contrasts between the daily average number of eggs produced by three groups of adult Habrobracon
females afrer exposure to two 2500-R doses of gamma rays separated by 4 hours. Two of the groups were
injected with hydroxyurea: 0.1 M designated by squares, 0.01 M designated by triangles, For comparisce,
results are plotted after the acute dose of 5000 R delivered in two mimutes, Untreated centrol data are also
shown,

Hydroxyurea is the currently preferred means of synchronizing
mammalian tissue cultures bhecauwse it kille cells in S phase (26}. Its
cytocidal effectiveness has been demonstrated in vivo on necplasms and on
a wide variety of normal cell types including bacteris, protozoa plant roots,
invertebrate and vertebrate embryos, and mammalian bone marrow (27). HNow
cell-destruction experiments with Habrobracon have identified a particular
group of cells in the ovariole germarﬁun which are sensitive to hydroxyurea.

The most elucidative type of experiment employed two radiation
exposures separated by a four-houwr period, during which an injection had
assured presence of hydroxyurea in the female abdomen. Cs 137 provided the
gamma rays. Figure 5 shows how similar cviposition by two injected groups
ig to that of an uninjected group wntil the tenth day after the fractionated
doge of radiation. Then hydroxyurea caused a sharp drop. On the 13th day
fewer eggs were deposited than by wasps given the acute dose of 5000 R in
two minutes. Hydrexyurea alone produces a slight decrease from the control
level of egg production between 12 and 14 days after injection. The more
pronounced effect in the traditional test for radiation recovery Suggests
that hydroxyurea either interferes with chromosomal rejoining mechanisms
or promotes the formation of actuasl lesions at provisional sites of damage.
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9. APPLICABILITY STATEMENT

The primary purpose here has beem to contribute to our understanding
of the insect's reproductive physiology. Nevertheless, in addition to elimi—
nating the necsseity of sexing pupae before relesse, 28 has been the standard
procedure in manipulating screwworm populations, alternative uses of treated
females suggest themselves. The Incorporation of infecundity genes, as well
as other cytogenetic features in complex stocks derived for insect contral
¢ould emhance the effectiveness of the method, provided appearance of the
defect is devised for subsequent generations. This is the delayed or
"time-bomb" approach. Quite different in congept is the direet killing of
the “booby-trap" technique, wherein infecund females from a pesticide resistant
strain are coated with an agemt which kills susceptible males during mating
attempts (2). The ingenuity of gemetically trained entomologists may be
expected to provide additional applications.

10, SUMMARY AND CONCLUSIONS

After discussing the significance of female fecundity im aurvival and
extinction sitvations, extreme types of infecundity were described, as well as
methods for the destructiom of the ovariole contents. Mere decrease in numbers
of eggs deposited is completely inadequate for making a decision concerning
the mode of action of a tested chemfcal agent. For a rational understanding
of an agent's potency and limitations there is a dearth of information.

Data is needed on sequenced egg deposits and the effective lethal phase in

the embryos, Events even as subtle as the S period preceding the mitotic
activity of the cystoblast can be revealed. This area of biology is relatively
unexploited both frem the standpoint of inmvestigation and application.
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DISCUSSION

L.E. LaCHANCE: Would you care to comment on the mode of action
of DON on mature ococytes?

D.S. GROSCH: Our first concern‘was to make sure that the large,
highly-differentiated ococytes were indeed induced to degenerate, Our
obgervations on cosorption are given in the fext of the paper., Since syn-
thesis and the incorperation of stored materials is practically complete,
it is difficult to see how an antimetabolite could have any direct influence
on the structure. Indirect mechanisms, including hormonal conirols,
should be investigated. Furthermore, it should be noted that these were
feeding experiments, for which partial starvation is a necessary pre-
liminary, and cne that interferes with any accumulaiion of stored
metaphase eggs.

R. PAL: Some of the work carried out by Soviet research workers
in connection with the development of resistance to insecticides has shown
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that DDT aifects oogenesis in house flies. Perhaps Mr, Grosch would
like to comment on these findings.

D. 5, GROSCH: The literature on thig subject appears to fall into
two categories. Firsily, there are observations on populations subjected
te DDT for more than one generation, where the very powerful genetic
influence of selection has had an opportunity to act. Secondly, there is
information on the exposure of flies with immature ovaries, In this case
DDT acts upon a developmental gituation which depends upon the functioning
of the somatic metabolism, Dr. Beard of the Connecticut Experiment
Station (USA) has published some observations on this matter,

The decreased average egg production shown in the figures reflects
poor performance by poisched females. The somatic fitness of the mother
is easily influenced by pesticide.
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Abstract

CHEMOSTERILANT EFFECTS ON THE LARVAL POSTEMBRYONIC DEVELOPMENT OF THE STABLE FLY,

Stomoxys caleitrans (L.).

Histalogical aspects of the acrion of tepa on the postembryouic developmental systemn of the stable
fly have been Investigated.

Larvae were mote resistant than aduits to the toxic effects of tepa altough their sensitivity varied with
age, older individuals being less affected. Treated larvae pupated later than controls and over longer
petiods and these pupae were often partially tanned or malformed.

The larvzl anatomy of Stomoxys calcitrans (L. ) is described with special reference to the organization
of the major developmental discs. An overall reduction in the size of these primordia was observed
following topical treatment of the larvae, this effect lessening with later application,

Some of the factors influencing normal growth and differentiation of the eye~antennal discs are
reparted in detail, The four main effects of chemosterilant damage to this disc are: {13 A reduction in the
rate of anlagen growth; (2) Abnormal differential growtl of the dise; {3) 1 and II instar treated larvae emerged
as eyeless and aristapedia motants; {4) Late 1T instar treated larvae emerged as normal adules with defective
eyes. This last damage was confined to 2 vertjcal band of abnormally arranged facets on the comea. Successively
later treatments with tepa caused this pattem of damage to extend antetiorly across the eye. Factors which
may influence this process, including possible hormonal control, are discussed,

INTRODUCTION

Population control by the release of partially or completely sterile
insects has received an increasing amount of attention during recent years
following the succesaful eradication of the serew-worm, Cochliomyia
hominivorax (Coquerel) from the West Indian island of Curzc¢ao and from
the United States of America., The major characteristics ol chemosterilanis
which have abgorbed the interegts of workers in thie field are the induction
of sterility in the adult male and the inhibition of ovarian development in
the fermale. A survey of the literature shows that little attention has been
devoted to their action on other stages of development,

Many compounds which are effective adult sterilants have revealed low
sterilizing, toxic properties when applied to larvae of the house-fly, Musca
domestica L.[1] and the screw-worm fly €. hominivorax (Coquerel) [2],

In the few investigations that have been reported, the following types
of cellular damage caused by chemosterilant applied to the larval stage
have been observed: delayed induction of sterility and interference with
gonadial development in Culex pipiens quinquefasciatus Say by apholate [3];
induction of chromosomal aberrations, including fragmentation and stickiness
[4], and delayed breskdown of nerve fibres in the adult brain and degeneration

229
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of the mid gut epithelium in Aedes aegypti (I..) by apholate [5]; a lower rate
of chemosterilant breakdown than that exhibited by adult Culex tarsalis
Coquillet [ 6] and interference with postembryonic development of the codling
moth Carpocapsa pomonella {I..) by tepa [ 7],

An advantage of studying the effects of chemosterilants on the larval
stage is that many developmental systems can be cbserved simultaneocusly
in the one ingect, In Diptera a large proportion of the external features
of the adult arise from the embryonic hypoderm as discrete groups of
actively dividing cells and continue their development as imaginal discs
throughout the remaining larval period.

In the present study several effects of tepa (tris {1-aziridinyl) phosphine
oxide} on postembryonic development of the eye-antennal disc of the stable
fly, Stomoxys calcitrans (L.}, are described. For comparison, complete
sterility of the adult fly has been achieved by topical application of 3.7 ug
tepal[8].

TECHNIQUES

Eggs of 8. calcitrans deposited over a one-hour period were trans-
ferred to dishes containing the culture medium (50 larvae per 50 g food}
and maintained at 27*C, 70% r,h, Hopking' method [9] of culture was
followed,

Under these conditions, with variations in hatching time and wvariable
rates of larval development, both the first and second instar lasted
approximately 24 hours and the entire larval period covered 10 -~ 12 days,

Under experimental conditions 0, 5 il of tepa: acetone solution from a
micro drop applicator were applied topically to individual larvae of the
required age, which were then returned to the dishes after a holding
period of 10 min. Owing to the small size of both first and second instars
it was found easier to mix a measured amount of aqueous tepa solution,
ranging from 0, 1 -« 100 ppm, into the culture medium than to apply it topically.

TOXICITY

Larval and pupal LDg,s for tepa treatments applied during each ingtar
of 8. calcitrans are represented in Table I. The results show an increasing
tolerance during the early stages of larval development from 6 pg (first
instar), 9 ug (second instar), to 34. 5 pg midway through the final larval
stadium. The remaining period of larval growth up to the time of pupation
shows a decline in tolerance to 17 ug,

Between 0.5 and 100 ug tepa, duration of the larval period was extended
in direct proportion to the dose applied, as shown by ¥Fig.1, Further
evidence for a decline in tolerance before pupation was given by measure-
ments of the amount of chemosterilant required to extend the larval period
by 50%. Mid-third instar larvae required 7,1 ug tepa, while a similar delay
in pupation of a later stage of this instar needed 1, 15 yp.

In all these experiments there wera considerable numbers of partially
tanned or mis-shapen puparia especially at high doses, The frequency of
occurrence of these distorted specimens also increased directly with the
amount of chemosterilant used.
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TABLE I. LDy, OF Stomoxys DURING SUCCESSIVE LARVAL INSTARS
EXPRESSED IN pg, AFTER TOPICAL TREATMENT WITH TEPA

Stage of appHeation Larval mortality Pupal mortality
Instar I 2 = 5.85 T - A8
I 3 - 91 1 - 3.0
I day 1 15 0.1%
day 3 4.5 3.3
day 5. 15.1 2,17
day 7 i7.3 1,37

(=]
i

INCREASE OF LARVAL PERIOD IN_DAYS
in
1

L]
001 04 10 1 100
PG TERA

FIG,1. Mean increase in the larval period of Stomoxys caleitrans (L. } after topical application of tepa,
© applied on day 5
@ applied on day 11

DEVELOPMENT OF THE CEPHALIC DISC

Overall growth of the cephalie or frontal disc during postembryonic
development was studied by measuring the relative increase in area of
digsected discs under a siereoscopic microscope with an ocular micro-

meter. Usually five specimens were measured from each of three replicates
at any one dose,
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FIG,2, Increase in relative cross-sectional area of the eephalic disc during larval life, each point re=

presenting the mean of five measurements. Disc area was calculated from the product of the diameters
of the two maijor axes.
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Onhatching, the rudiments of the cephalic disc in 8, calcitrans are
well established. Growth is slow at first, but during the second instar
the disc begins to alter shape into a small proximal and broad distal
section and these areas subsequently differentiate into the antennal and
eye regions respectively. Development within the final larval instar is
characterized by an accelerating growth phase and the initiation of ommatidial
differentiation.

Topical application of 10 ug tepa at the beginning of the third instar
resulied in a considerable suppression of growth as shown by Fig. 2. Up
to the time of pupation in the conirol dishes, growth of the treated discs
was slow but otherwise apparently normal. Later, especially after first
and second instar treatments, imaginal discs developed enlarged antennal
or optic regions which may have been capable of further differentiation,
Above 10 ug tepa the frontal disc failed to differentiate correctly, its rigid
structure collapsed and a darkened mass of cells appeared in its centre,
Sections of this material revealed severe destruction and disorientation of
the imaginal cells.
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FIG, 3. Effect of tepa on the relationship between diameters of the layval brain and its asseciated eye
disc during the third instar,
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Although the decrease in dimmeter of the cerebral lobe was small in
comparison with the marked changes which occurred in the growth of the
cephalic disc, the changes in the relative sizes of the two resulted in the
optic anlagen being stretched across the surface of the brain (Fig, 3}, The
structural collapse of the frontal diec and its failure fo differentiate may
be a consequence of the direct action of tepa, or a combined effect of direct
action coupled with the external siresses caused by differential growth of
the surrounding tissues.

SENSITIVITY TO CHEMOSTERILANT

The sensitivity of the frontal disc in Stomoxys as measured by the
amount of subsequent growth following chemosterilant treatment is depicted
in Fig, 4, A median inhibitory dose of i, 58 ug during the third instar
indicates an organ which is extremely sensitive to tepa. The effect of tepa
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FIG.4, Effect of tepa applied at the beginning of the third instar on the size of the cephalic disc, Each
point represents the mean of ten measurements.

on the size of the disc during different stages of the final instar is depicted
in Fig. 5, The results emphasize an increase in the final disc area following
successively later applications and suggest a decline in sensitivity.

ADULTS DERIVED FROM I AND II INSTAR EXPERIMENTS

As development proceeds, so individual cells of an imaginal disc become
progressively more determined into their prospective roleg. By applying
tepa to different stages of this process of determination cne can vary the
morphology of the resulting adult,

With first and second instar ireatments, although consgiderable mortality
occurred at doses greater than 10 ppm (Table T}, survivors often emerged
with mis-shapen antennae or reduced eyes. The exact iransformation of
prospective antennal material into leg material noted by Bodenstein and
Abdel-Malek [10] in Drosophila using nitrogen mustard was not observed in
tepa-treated Stomoxys. Veriations in the relative size of the arista and
its parent segment, enlargement of the entire antennal complex and the
occurrence of leg segments were recorded, Amntennal mutanta were usually
able to emerge from the pupal case while insects with damaged compound
eyes normally failed and required dissection,
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Logs of one or both compound eyes entirely reduced the size of the
adult head and also displaced the position of the ptilinum abowve the antennae,
Ag the function of the ptilinum is to thrust oif the anterior end of the
puparium when the insect is ready to emerge, any interference with this
process can easily prevent eclosion. The high pupal mortality induced by
tepa may then be explained at least in part by a failure of the insects to
emerge following incomplete develgpment of the ptilinum,

ADULTS DERIVED FROM III INSTAR EXPERIMENTS

Adults which emerged from these experiments have go far not included
somatic mutants of the types described above. However, the basic structure
of the compound eye of this insect was damaged after topical application
of 5 =10 g tepa during the latter half of the final instar. Treatments did
not alter the shape or size of the eye as damage was confined to a vertical
band of abnormally constructed facets on the cornea (Fig, 6).
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FIG.6, Lateral views of the compound eye of Stomoxys calcitrans (L. )

(a) Compound eye of an untreated insect showing the regular arrangement of corneal facets X 52
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(b) Compound eye of an insect treated with chemosterilant just before pupation showing a
vertical band of disorientated facets x 71

237
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TABLE II, FREQUENCY OF SOMATIC ABERRATIONS IN 8. caleitrans

EXPRESSED AS PERCENTAGES AFTER TREATMENT WITH TEPA IN

FIRST AND SECOND INSTARS, (A) EMERGED ADULTS. (B) FORMED
ADULTS WHICH FAILED TO EMERGE FROM PUPAE

A B
Dose (ppm) L Affected head reglon L Affected head region ?artial
Normal Amtemna  Compound eye | Normal Amemna Compound eye  different-
fation
First instar Fimst instar
Control 100 - - 1c0 - - -
5] 56. 4 18.0 43, 6 25 - - 75
10 - 44, 4 i00 30 14 656, 35
20 - - - - - - 106
Second inostar Second instar
Control 100 - - 100 - - -
5 60, 7 3.8 42,9 38,9 - 15.6 50
10 18.2 40,9 68,2 - 28. 8 64, 3 28,6
20 - - - - 62,0 86, 0 34,0

Successively later treatments caused the location of this disrupted
areatomoveanteriorly across the eye's surface. In a damaged region
uniformly arranged hexagonal facets were replaced first by irregular and
then fused facets and finally by complete destruction of the cuticular pattern,

DISCUSSION

The morphologiczl changes which occur during differentiation of the
adult Drogophila eye from the larval imaginal disc have been described
from the histological and cytological viewpoints by Shatoury [11], Shatoury
and Waddington {12] and at the ultrastructural ievel by Waddington and
Perry [13], .

In addition Schneider [14] and Gehring [15] have describeh this process.
ifrom transplantation experiments and studies in vitro. Recently Fristom
and Mitchell [16] have cutlined a method for igolating large numbers of
imaginal discs from Drosophila larvae, allowing a detailed analysis of the
biochemnical aspects of differentiation.

The effects of 5-fluorouracil [15], actinomyein D [17], mitomycin C
[18], colchicine [19] and nitrogen mustard [10] on development of the
compound ¢ye in Drosophila have been described, The authors concluded
that compounds known to have a marked effect on cell division disrupt beth
growth and differentiation of the eye disc. Recently Fristom and Knowles
[20] provided fairly conclusive evidence that actinomyecin D inhibited protein
synthesis in differentiating imaginal discs of third instar Drosophila larvae,
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The general similarities between the alkylating mechanisms of aziridines
and pitrogen mustards are well documented [21]. The similarity between
the major developmental transformation of the arista in tepa-treated
Stomoxys and nittrogen-mustard-ireated Droscphila also peints to a common
mode of action, Minor differences in the degree of expression of aristapedia
between the two species may be due to the differential responses of the
antennal anlagen rather than to differences in the action of the {wo compounds,

The mosaic nature and regulative capacity of imaginal organs and the
cephalic disc in particular have been discussed by Gehring [15]. During the
first and second larval instars of the stable fly, celis of the frontal disc
become generally determined to form the adult head but local determination
into the optic, ptilinal or antennal regions is not yet fully established,
Consequently during this period the relative proportions of the prospective
eye or antennal regions in the frontal disc can be aliered, Imaginal discs
which have been dissected from larvae with dispropertionately enlarged
antennal regions can presumably be correlated with the fully expressed
state of aristapedia in the adult.

In the frontal disc of the final instar further differentiation into groups
of retinular and cone cells of the ommatidia can begin once the size and
position of the compound eye have been determined. The final stages of
this differentiation which appear to develop and move In a posterior-anterior
direction across the eye's surface can be disorganized by tepa. 'The results
also suggest that the chemosterilant is rapidly metabolized as it exerts its
action over a very limited period,

In Aedes aegypti (L..), another dipterous gpecles, use of micro-
cauterization techniques instead of chemicals [22] hag revealed the passage
of a factor capable of inducing cell division and orumatidial differentiation
in a postericor-anterior direction, Similar processes which begin in the
posterodorsal region and spread across the eye anlage in an anteroventral
direction in Ephestia {23] and Bombyx [24] suggest that this pattern of
differentiation is a general feature of the eye development in many holo-
metabolous insects,

Two pogsgibilities of chemosterilant action may explain the marked
suppression of growth observed in imaginal tissue after treatment, Several
independent investigations have shown that apholate and other chemosterilants
inhibit the production of DNA in insect eggs, including those of Stomoxys [25],
g0 that it is highly probable that tepa, a closely related aziridine, will
act in a similar manner, Thus the suppression of growth at any stage
of imaginal dise development could be explained by the interaction of tepa
upon DNA or its formation and its indirect effects on subsecuent protein
synthesis. A possible analogy is th& inhibitory action of actinomyein D
on protein synthesis of differentiating imaginal cells of Drosocphila.

At a different level the amount of growth and differentiation of developing
imaginal organs is known to be controlled by a complex balance of hormones
which are released by the larval ring gland. Any interference with the
normazal sequence of synthesis, storage and differential release of these
hormenes can cause major changes in insect development. The possibility
of apholate applied during the larval stage Inducing hormonal imbalance
in adult A. aegypti has been discussed by Sharma and Rai [5],

They concluded that although damage to the nerve fibres and possibly
neurosecretory cells of the brain had occurred, there was either considerable
repair of the brain fissue, or neurosecretory celle continued to function
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correctly but at suboptimal levels, Presumably if any major functional
changes in the hormonal output had occurred the majority would have exerted
their effects during the larval stage or at metamorphosis.

Observations of the effects of tepa on the neuroseeretory cells of the
ring gland during larval development of the stable fly have been made and
will be described elsewhere. Impairment of the neurosecretory cells has
been recorded and these cbservations support the hypothesis that tepa may
influence the insects' hormonal balance.
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DISCUSSION

E.D, OFFORI: Do you think it is worth pursuing research on the
performance of adult Stomoxys calcitrans having deformed compound eyes?

J.5. BADMIN: No, I don't think so, 'The induction of sterility in the
adult stage of this ingect is still the most promising ares of study.
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Abstraet — Résumé

CHEMOSTERILIZATION OF ADULT Dacus oleae {GMELIN) WITH TEFA: DIFFERENCE BETWEEN THE SEXES.
The author attempts to compare the dara obtained thus far in a summary study of the genital system

of Dacus oleae (Gmelin) with those obtained during chemosterilization tests with tepa on this insect, The

differences in the effect of tepa on the ovaries and testicles seems to be reiated to the difference in the genital

systers of the two sexes, In his conclusion, the author expresses the view that chemaosterilization of Dacus

thales raises serious problems, whilst that of the Dacus female is less complicated.

LA CHIMIOSTERILISATION DES ADULTES DE Dacus oleae {GMELIN) PAR LE TEPA - DIFFERENCES
ENTRE LES DEUX SEXES,

L* autenr tente de rapprocher les données jusqu®ici fournies par une étude sommaire du systéme génital
de Dacus gleae (Gmelin) A celles obtenues au cours des esgais de chimiostétilisarion de cet insecte par le
tepa. Les différences quant 3 1' effer du tepa sur les ovaires et les testicules semnblent Stre lides anx diffé-
rences entre le systéine génital des deux sexes, Lautenr conclut des résultats obfenus que la chimiostéri-
Lization des Dacus males pose des problemes sérienx, tandis que celle des Dacus femelles semble moins
compliquée.

INTRODUCTION

Au cours des expériences entreprises dés la fin de 1966 dans notre
laboratoire sur les différents effets du tepa sur les adultes de Dacus
oleae nous nousg sommes aperpeus gque les insectes avaient un cornportement
différent envers le chimiostérilisant, non seulement par rapport 4 dTautres
insectes mais aussi entre eux {selon leur sexe); ainei les problémes de
la chimiostérilisation ne paraissaient pas éire les mémes pour les adultes males
et femelles, Nous avons alors émis 1t hypothése que ces différences pour-
raient &tre en rapport avec leur cycle génital, jusqu'alors mal connu;
c'est pourquoi nous avons entrepris, tout en poursuivant nos essais de
chimiostérilisation, un examen sommaire de leur systéme génital. L!évo-
lution des oocytes dans les ovairesy 1' évolution de 1t ceuf aprés la ponte
fet jusqu' a 1'éclosion des ceufs) et les caryocindses dans les testicules
ont été étudiées par différentes techniques histologiques,

Dans ce travail, nous avons tenté de rapprocher les données obtenues
jusqu!ici concernant 1'éveolution du systéme génital des deux sexes de celles
obtenues au cours de 1t étude des effets du tepa. L!examen du systédme géni-
tal est toujours en cours et la plupart des données que nous rapportons nt ont
pas encore été publides.

RESULTATS

Au cours de 1'étude du systéme génital nous avons obtenu quelques
résultats que nous résumons ci-desgous,

241
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Cycle génital des femelles

La différentiation de quelques oogonies s!effectue pendant Ia sortie
des adultes {9] et quelquefois 4 la fin du stade nymphal,

La croissance des oocytes dure au moing quatre jours pour les insectes
igsus de 1' €levage artificiel, et sept jours pour les insectes Kgauvages®;
la premiére moitié de ce temps constitue 1a période de provitellogénése
et la seconde la période de vitellogénése et de la formation du chorion [91;
pendant son se]our dans 1f ovaire {de la formation de la vésicule germinale
jusqu' au passage 3 travers 1' oviducte) 1' ceuf posséde un noyau en repos
(membrane nucléaire et nucléole constamment présents).

Aprés la ponte ont lieu les deux divisions de maturation {5 4 15 min),
la fécondaticn de l'ovule (en\rlron 30 min), les divisions du zygote (45 min
as k) et I’ organogénéee (23 h & 70 h) (Fy’tlzas, travail non publi€),

La différentiation des oogonies et 1! évolution des oocytes sont conti-
nues et surviennent pendant toute la vie adulte des femelies; dans le méme
ovaire, 1tévolution de chaque ovariole est indépendante de celle des autres
ovarioles [9],

Cycle génital deg miles

Baccetti et Bairati [1] déerivent la spermatogénédse, qui sfachéve
chez Dacus cleae avant la sortie des adultes; ce stock de spermatozoides
st epu:se avant ou aprés la seconde spermatogénése, qui survient 7 3 10 j
aprés la sortie des adultes, et de nouvelles spermatogénéses suivent (une
spermatogérése fous les 6 4 10 j et d'une durée de 3 §} (Fytizas, travail
non publié). Aprés destruction des spermatogonies et des spermatocytes
par des rayens gamma [11] ou des substances chimiques (6], les testicules
de 1'insecte traité sont vidés ou presque au bout de quelques éjaculations
successives. D'aprés le premier des auteurs le stock initial de sperma-
tozoides ! épuise entre le 5 et 11° accouplement, et d!aprés le second, dés
la 6% éjaculation on ne trouve dans les spermathéquee des femelles fécon-
dées qu'un nombre extrémement faible de sperrnatozo'ides nombre gui
d'ailleurs diminue d'un accouplement § 1% autre et tombe i zéro pour la
plupart des individus entre le 9% ef le 11° accouplement. Ies mémes
auteurs [7,11], quoique travaillant séparément, ont pu constater que la
vigueur sexuelle des Dacus miles est trés élevée; les individus méales
peuvent s'accoupler une fois par jour, et pendant au moins un mois.

A 1"encontre de ce qui se passe chez les femelles, les spermatogénéses,
qui &' effectuent par étapes, sont synchrones pour une population de méles
donnée; en outre, la caryocinése est aussi synchrone dans tdutes les Bperma-
tocystes duméme ordre et du méme testicule {Fytizas, travail non publig),

Relation entre gamétogénése et éjaculation des spermatozoides
et la ponte

En bloquant 1'un des deux mécanismes, nous avons pu conatater que le
mécanisme de la ponte est indépendant de celui de 1' ovogénése [5] et que
celui de la spermatogénése est indépendant de celui de 11 éjaculation [6] .

Le rythme de la formation des ceufs et celul de 1a ponte suivent des
courbes quasi paralléles, Chez les méles, aucune relation n! existe entre
le rythme de la spermatogénége et celui des éjaculations.
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Parmi les différences apparentes que nous avons pu jusqu! s présent
ohgerver entre les deux sexes, résumons celles que nous considérons
comme importantes:

—~ le degré d'évolution des gamétocytes avant que ceux-ci quittent 1t organe
génital; chez les femelles ce sont des oocyles de premier ordre im-
matures, tandis que chez les miles les spermatozoides ont atteint leur
forme finale;

— le rythme de 1t évolution deg gamétocytes: évolution continue et successive
des cocytes dans chaque ovariole, évolution par étapes deg spermato-
eytes et caryocinése synchrone pour les spermatocystes du m&me ordre
et dans le méme testicule;

— parallélisme des courbeg de la formation des ceufs et de la ponte, absence
de relation entre le rythme de la spermatogéndse et les éjaculations.

DISCUSSION ET CONCLUSIONS

Les informations que nous avons obtermes jusgu'ici permettraient
d! expliquer en partie les différences apparues lors des essais de chimio-
gtérilization des adultes de Dacus oleae des deux sexes;

~ Letepa, adminisiré pendant les premiers jours qui suivaient la sortie
des adultes et § différentes doses, induisait la sferilité totale seulement
chez les femelles; leg males avaient pendant un temps un certain nombre
de spermatozoides fertiles, leur stérilité compléte gt établigsant progressive-
ment, au fur ef & mesure gue les accouplements devenaient plus nombreux,
Une explication de cette différence pourrait &re donnée par le degré d'évo-
Iution différent des gamétocytes des deux sexes au moment de 1' administra-
tion du chimiostérilisant; chez les femelles les gamétocytes sont soit 4
11 état d!cogonies, soit & celui dt oocytes de premier ordre, gamétes en
évolution n'ayant pag prig leur forme définitive et subissant plus tard des
transformations importantes (divigions de maturation); chez les miles,
au contraire, les premiers jours et pendant un certain ternps, les testicules
possédent des spermatozoides compléiement formés, gamétes trég ou
complétement résistantes.

— Quel que soit le temps de 1t intervention, les veufs d"une femelle
traitée pondus deux heures aprés 1’ adminigtration sont stériles [5]; chez
les méles, 1' administration dutepa, méme 4 dose élevée, n'assure pas
toujours la stérilité (au moins pour les premiers jours qui suivent le traite-
ment), les résultats dépendant de 1'8ge de 1'insecte. Dans le cas des
mdiles traités, le fait que la formation des spermatozoides est achevée
avant le traitement pourrait étre la cause de cet échec partiel; le chimio-
gtérilisant ne serait efficace que pour les spermatocytes et les sperma-
togonies, ceux qui formeraient plus tard les spermatozoides stériles.

— Les différentes zones de gamétocytes dans les ovaires et leg
testicules présentent une différence quant 3 la sengibilité envers 1'action
gtérilisante du tepa. Cette différence est bien nette chez les ovaires: les
oeufs déjd formés sont les plus résistanis, puis guivent les oogonies et
les oocytes n!ayant pas encore achevé la vitellogénése, La différence de
gengibilité entre les oocytes en croissance et les oogonies nous parait
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réelle [B], mais la différence enire cocytes en voie de croigsance el
weufs formés nous paraft assez obscure: le noyau de 1'oocyte ne parait
pas subir des modificatione appréciables tant que 1! oocyte ne quitte pas
1rovaire. Des changements ont bien sfir lieu surtout en ce qui concerne
le volume, les constituants chimiques du protoplasme et les parois de
I'cocyte. Peut-8tre sont-ce les parois et la quantité de chimiostérilisant
pouvant les traverser qui pourraient fournir une explication: avant et
pendant une bonne partie de la vitellogénése, les cellules foliiculaires
facl]_iterdlent peut-&tre la pénétration du tepa, transporté par 1'hémo-
Iymphe: a la fin de la vitellogénése, le role de ces cellules dlsp&raitralt
avec elies et le chorion formé créerait une barridre {réle similaire 3
celui du puparium empéchant la pénétration de substances comme le
tepa) ne laissant au tepa qu'un passage étroit, le micropyle, Si cette
supposﬂlon se révélait exacte, la différence porterait plutét sur la quan-
tité pouvant pénétrer dans 1'cocyte., En ce qui concerne les miles, la
différence de sensibilité entre les spermatozoides et les autres gaméto-
cyles est marquée. Nous avone signalé lors dtune expérience [68] qu'une
différence de sensibilité exigtait entre les spermatocytes et les spermato-
gonies, ces derniéres étant plus sensibles, Pourtant, des essais ulté-
rieurs ont prouvé le contraire: des examens ont montré que dans le pre-
mier cag avait lieu une différentiation des spermatogonies, tandis que dans
le second cas nous observiong des caryocindses chez les spermatocystes,
On peut done supposer que 1f état des noyaux (au repos, en préparation
pour la einése et en cinése) plutdt que 1' ordre des spermatocytes ou des
spermatogonies, joueralt un rle prépondérant.

Que la sengibilité des différents éléments des testicules change nous
D'avons aussi constaté lorsque le tepa a eté administré & des miles d'dges
différents [7], ges correspondant 4 peu prés i un jour avant le commence-
ment de la seconde spermatogénése et au commencement de celle-ci
respectivement. La précision de la méthode utilisée alors laisse & dé-
sirer, étant donné que les insectes pouvaient recevoir le tepa, contenu
dans leur nourriture, i n'importe quelle heure du jour de 1'intervention,
alors que chez d!auires insectes on a prouvé que la sensibilité varie
selon 1'heure du traitement [2].

— Une auire différence encore apparait, gui concerne la durée de
la stérilité induite par le tepa. La stérilité chez les femelles peut étre
provoguée par une concentration de tepa élevée et par une administration
unique; les dégits que pourrait provoguer cetiie forte dose prlveralt la
femelle aussi bien d'une descendance viable que des ceufs stériles qu' elle
aurait pu déposer. Mais pour les Dacus miles, les doses fortes doivent
étre évitées, puisque les effels cytotoxiques sur les testicules ne peuvent
que nuire i la chimiostérilisation [8] et doivent 8tre classés parmi les
effets secondaires, Dtailleurs [7], la durée de la stérilité chez les
testicules n'=a €té satisfaisante que lorsque la dose (administrée en une
seule fois) était proche des doses cytotoxiques. Nous avong obtenu les
meilleurs résultats en administrant le tepa 4 doses faibles, soit tous les
8 j et pendant 2 mois, soit tous les 2 ou 3 j et pendant 10 ou 12 j; dans
le premier caz, nous avons tenté de faire eoincider les jours du traite-
ment avec ceux o des caryocinéses marquaient 1z nouvelle spermato-
génége: dans le second cas, les traltements répétés 4 des intervalles de
2 ou 3 j auraient pour effet, d!aprés Bacoyannis, une accumulation des *
effets génétiques.



IAEA-3M-128/28 245

En conclusion nous pouvons constater gue les problémes de la chimio-
gtérilisation se posent différemment pour les Dacus miles et femelles,

En premier lieu, le probléme du rapport entre leg doses et 1'effi-
cacité stérilisante ne se pose vraiement que pour les miles. La stérilité
permanente chez leg femelles peut &tre induite par une seule administra-
tion de tepa & une conceatration affectant les gamétocytes les plus ré-
sistants tout en étant inférieure aux doses létales; 1'utilisation d' une telle
dose n'entrafnerait pas de conséquences fdcheuses car le facteur de
securité est plus que satisfaisant [3]. Mais en ce qui concerne les Dacus
mailes, non seulement nous devons éviter les doses qui pourraient pro-
voquer des effets cyiotoxiques ou autres effets secondaires (réduction de la
vigueur sexuelle, réduction du nombre de spermatozoides et inactivation
des spermatozoides), mais il serait encore souhaitable de déterminer les
facteurs de sécurité entre les doses induisant la stérilité et celles in-
duisant un des effets secondaires; la polygamie des miles exige pour les
ingectes traités non seulement le maintien de la vigueur sexuelle au ni-
veau des insectes normaux, mais aussi la sauvegarde des spermatogénédges
qui suivraient le trajitement,

En second lieu, la notion de «moment judicieux» pour l'interventiona
un geng différent gelon qu'on ge référe a 1'un ou 1' autre sexe, Quel que
soit 1'ige des femelles, la présence dans le méme ovaire de gamétes
a tous les stades possibles d’ évolution exclut 1f existence d'un temps
d! intervention particullérement favorable, Pourtant, pour la pratique
agricole, nous admettons que ce probléme peul présenter un certain inté-
r&t: 1" adminigtration de tepa avant la formation des premiers ceufs abou-
tirait 4 une suppression de la fécondité [4] et celle qui suivrait la forma-
tion des ceufs serait d'autani plus efficace gue le nombre des ceufs pondus
jugqu'd 2 h avant 1t administration gerait plus faible [5]. Le probléme
se pose tout autrement dans le cas des méiles: le fait que les spermato-
généses s'effectuent par étapes et leg caryocinéges sont synchrones dans
les spermatocystes du méme ordre nous permettrait une infervention a
un moment déterminé et une détermination de zones de sengibilité ainsi
que du changement que subit celle-ci, Pourtant, ce probléme ge com-
pligue par le fait que le changement de sensibilité ne concerne pas la
totalité des gamétocytes comme ¢! egt le cas chez d'autres insectes, par
exemple les femelles de Cochliomyia hominivorax [10]. ILe probléme dans
le cas des Dacus miles congiste a suivre 1! évolution des différents
gamétocytes et a déterminer les différentes doses et les différents mo-
ments d! intervention convenables afin d! affecter la matiére génétique
de tous les gamétocytes,

Le cycle génital de 1t ingsecte éthdié déterminerait dans un sens la
méthode de stérilisation & suivre, et 13 réside 1'importance qu'il acquiert
dang le domaine de la chimiostérilisation., Les ingectes des deux sexes
de la méme espéce, comme c'est le cas pour Dacus oleae, n'ont pas
obligatoirement le méme cycle génital; on peut constater des différences
appréciables entre femelleg du méme ordre, comme par exemple celles
de Dacus oleae, de Musca domestica et de Cochliomnyia hominivorax; on
peut, enfin, trouver gquelques resgemblances entre insectes appartenant
i une espéce et 4 un sexe différents, comme cfest le cas pour les miles
de Dacus oleae et les femelles de Musca domestica. Le classement taxo-
nomique des ingectes aurait pour 1'étude de la stérilisation une importance
quelque peu limitée, Mais il serait fort souhaitable de classer les insectes
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auxquels pourrait 8tre appliquée la chimiostérilisation a aprés leur cycle
génital; 1'interprétation des expériences de différents chercheurs sur
différents insectes serait plus large et la comparaison des données ex-
périmentales plus claire et plus facile.
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DISCUSSION

M.E. TZANAKAKIS: On the basis of your findings, do you consider
tepa to be an ineffective means of sterilizing the olive fruit fly in practice?

E. FYTIZAS: On the contrary, I think that tepa offers cbnsiderable
scope for the study of chemosterilization in view of the high safety factor
of about 50. The effects of various doseg can be studied without the risk
of causing death,

M.E. TZANAKAKIS: I should like to put another guestion if T may.
Does your statement that the initial sperm stock i exhausted after the
first 7-10 days mean that it iz exhausted after a certain number of matings
by males mating daily?

E. FYTIZAS: T agree with you that exhaustion of the initial stock
of spermatozoa cccurs afier a certain number of matings, whatever the
interval between two successive matings; the time at which exhaustion of
the initial stock cceurs is thus in fact independent of the age of the male,
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Abstract — Resumen

FFFECTS OF TFPA ON THREE SFECIES OF TRIATOMINAE,

The authors carried out sterilization experiments on three species of Triatominae, using the compound
tepa. The species were Triatoma infestans, Triatoma guasayana and Trjatoma patagenica, Tepa was appled
extemally to the specimens (100 of each species) in the fifth nymphal and aduit stages by techniques which
are deseribed [n detail in the paper.

The three species proved sensitive to the treatment, the most highly affected being Triatoma patagonica
amd the second most highly affected Triatoma guasayana, The best results were obtained by extemal treatment
of the nymphs, which resulted in a male sterility of 88% in the case of Triatoma patagonica, 82% in that of
Triatoma guasayana and 7%% in that of Triatoma infestans. The treatment of adults was less effective,
resulting in corresponding sterility percentages of 70%, 64% and 56% respectively.

No recovery of fertility was obsezved in these laboratory experiments, In view of the promising results
observed, semi-field tests are currently being carmried out, The development of an effective attractant is
necessary, however, as the species studied do not appear to be attracted by tepa, unlike Bhodnius prolixus,

FFECTOS DEL TEPA EM TREE ESPECIES DE TRIA TOMINAE.,

Los autores realizaron expetiencias de esterlizaciSn de tres especies de Trdatominae con el compuesto
tepa, Las especies fueron Triatoma infestans, Triatoma guasayana y Triatoma patzgonica. Lot ejemplares
(cien de cada especie) fueren topicado: en los estadios de ninfa ¥ y adultos, mediante las téenicas que se
‘detallan en ¢l trabajo in extansa,

Las tres especies resultaron sensibles al tratamiento, siendc la mis afectada T. patagonica, y en segundo
lugar T. guasayana, Los mejores resuttados se obtuvieron topicando las ninfas, logrindose porcentajes de
esterilidad en machos de 83% en T. patagonica, 82% en T. guasayana y 78% en T, infestans, La topicacidn
en adultos tuvo una eficacia menor, logrindose poreentajes de esterilidad en las especies y en el orden
mencionados del 70, 64 y 5Pk respectivamente,

No se observS recuperacion de la fertilidad en estas experiencias de laboratorio, En la actualidad se
estin realizando pruebas de semicsropa, dado que log resultados observades son promisorios. Sin embargo,
es necesario desarrollar un atrayente adecuado, dado que las especies estudiadas no demostraron ser atrafdas
por el tepa, mostrando en este sentdo un comportantento distinto al de Bhodnius prolixus,

Con el propdgiio de probar as posibilidades del empleo de
quimioesierilizantes en el control de los Triatominae, hemos ensayado
algunos de ellos con tres egpecies del género Triatoma Laporte:

T. infestans (Klug), T. patagonica Il Ponte y T. guasayana Wygodzinsky
v Abales, La primera es el més importante vector de la enfermedad de
Chagae en el sur de Sudamérica y las otras dos son las especies
peridomésticas mAs importantes,

Las sustancias empleadas hasta el momentio fueron tepa, metiepa,
apholate y ticurea, siendo la primera la que hemos estudiado mis
completamente vy de la que exponemos aqui log resultados.

MATERIAL ¥ METODOS

Cien ejemplares de cada una de lag especies fueron separados de Bus
coloniag en el estadic de ninfa IV, La mitad de elles fueron tratados con
el producto a los tres dias de la ecdigis de la ninfa V y los restantes, tres

247
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CUADRO I, PROMEDIOS DE HUEVOS POR HEMERA, PORCENTAJE
DE HUEVOS VIABLES Y TIEMPO DE INCUBACION EN TRES ESPECIES
DE Triatoma

N* de hueves % de huevos Tiempo de
por hembra viables incubacisn
T, infestans 240 845 29
T. puasayana 245 B4R 28
T. patagonica 169 B85 24

dias después de la ecdisis del adulto, Previamente, y fuera de este lote,
se habfan inyectado veinte ejemplares recién eclosionados de adultos,

en la dosis de 0,05 ml de una solucidn de tepa de 5 mg/ml para verificar

si no perjudicaba la vida de los insectos. También se hicieron iopicaciones
con una solucidn del producte al 3% para comprobar efectos esterilizantes,

En la experiencia que deseribimos se empled la topicacidn en el
abdomen de una solucién de tepa al 0,4%., pH 8, 2, logréndose la
alcalinidad mediante el agregado de bicarbonato de sodio., ELa topicacidn
se realizd en ejemplares anestegiados con éter, La cantidad de tepa
aplicada en esta forma fué de aproximadamente 9, 1 mg, ya que se empled
0, 25 ml de sclucidn en la topicacidn completa, en cara ventral ¥ dorsal,

Quince dias después de la aplicacién en los adultos, &stos fueron
apareados individualmente con ejemplares del otro sexo no tratades, Los
ejemplares tratados en estadio de ninfa V fueron apareados 22 dfas después
de producida la ecdisis a adultos.

Cada pareja fué mantenida en lag condiciones generales del criadero,
habiéndose elegido igual nimero de especimenes de idéntico origen y edad
como grupo testige. Las observaciones en cada lote se efectuaron
diariamente,

CRITERIOS SOBRE ALGUNGCS ASPECTOS

Hemos considerado estéril la hembra incapaz de desovart huevos
viables después de copular con un macho no tratado. Con igual criterio,
el macho que no fecunda a la hembra no tratada fué considerado estéril.

El nfimero de huevos desovados no ha constituido un criterio de
evaluacién por cuanto es un dato muy variable segin los especimenes.
Como dato de interés damos el cuadro I,

Un dato que consgideramos importante es la posible modificacién
de la expectativa de vida de los adultos. En estudios anteriores hemos
establecido para estas especies que las hembras adultas tienen una
longevidad de 138 dias T. infestans, 118 T, guagayana y 96 T. patagonica,
mientras que los adulios machos, en el mismo orden, tienen una
longevidad de 142, 111 y 94 dfas, respectivamente.
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CUADRO II. PORCENTAJES DE ESTERILIDAD EN TRIATOMINAE
TRATADOS CON TEPA Y EN TESTIGOS

T. iofestans T. patagenica T, guasayana

Tratados Testigos Tratados Testiges Tratados Testigos
Adulto 58 12% 0% 16% 6 %

Machos
Ninfa ¥ 1% 8% 16% B2% Fho
Adulto 2% 16% 8T % 84% 11%

Hembras
Ninfa -2 2] 6% 6% &% 65 1%
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FI1G,1, Porcentajes de esterilidad logrados en tres especies del g&nero Triatoma con aplicaciones de tepa,
segfin sexo ¥ estadic de aplicaciSn.

RESULTADOS

Los resultados se exponen en 8l cuadro IL.

DISCUSION

51 bien los resultados obtenidos demuesiran una accifn esterilizante
del tepa schre las tres eepecies estudiadas, no se logrd en ninglin caso
la esterilidad en el 100% de log especimenes, al menos en las dosis
empleadas (figura i).

La accién del tepa parece manifestarse en periodos avanzados de
la ovogénesis y espermatogénesis, siendo m#és sensibles los érganos
sexuales masculines,
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= Traludos
ensa Conlroles

F1G,2. Leves diferencias en la composicién pioteica de Ia linfa, en efemplares tratados y no tratodos
(densitometifa de cortidas electroforBticas).

El no haberse obgervade recuperacién de la fertilidad es un elemento
importante, y aunque no se efectué estudio histolégico sistemaitico, el
dafio no parece reversible, o si lo es, tiene una lentitud de recuperacién
que se aproxima al promedio de expectativa de vida del adulto,

El hecho de no haberse observado diferencias significativas en la
longevidad de los adultos permite afirmar que el tepa no resulta perjudicial
para otros procesos bioldgicos del insecto estudiado,

Er estudios electroforéticos de la linfa de las tres especies no se
observareon diferencias significativas de la ealidad y cantidad de las
protefnas con respecto a 1as normales que hemos descrito en un trabajo
anterior (figura 2),

CONCLUSIONES

Las tres especies resultaron sensibles al tratamiento con tepa,
siendo la més afectada T. patagonica y en segunde lugar T, ghasayana.
Los mejores resultados e obtuvieron topicando las ninfas, logréndose
porcentajes de esterilidad en machos de 88% en T. patagonica, 82% en
T. guasayana y 78% en T, infestans, La topicacidn en adultos tuvo una
eficacia menor, logrindose porcentajes de egterilidad en las especies ¥y
en el orden mencionado del 70, 64 y 56%, respectivamente.

No se observd recuperacidn de la feriilidad en estas experiencias
de laboratorio. En la actualidad se ¢stin realizando experiencias de
semicampo. Sin embargo, es necesario desarrellar un atrayente
adecuado, dado que las especiea estudiadas no son atraidas por el iepa,
mosatirando en este sentido un comportamiento distinto al de R. prolixus
con respecto a otro quimicesterilizante.
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DISCUSSION

A, ECONOMOPOULQS: How do you explain the fact that in your work
less sterility was induced when adults were treated?

R.U. CARCAVALLQ: I think the reason ig that tepa acts on less
differentiated cells and also, according to the results of recent studies,
on interstitial cells,

D.G. CAMPION: Why did you not use higher doses of tepa to obfain
complete sterility?

R.U. CARCAVALLQO: We were conducting a comparative gtudy with
tepa, metepa, apholaie and thiourea, and adopted a standard dose egual
to the effectivé amount of the most active of these four chemosterilants
(thiourea),

One facet that I am unable to explain is why some individuals appear
to be more sengitive than others to certain chemoesterilants., Some remain
sterile, while others recover, Even at the dose limit, behaviour has varied
widely from one irdividual to another, I wonder whether anyone here has an
explanation.for thia?

D. S, GROSCH: One suggesticn is that ingsects may differ in their ability
to repair lesions induced by chemical agents. In other words, because
of differences in genetic make-up, individuals may or may not possgess
guch an ability. A recent thesis by A. C. Hoffman, of my laboratory,
demonstrates this for a different agent,

L.E, LaCHANCE: With regard*o the variability in sterility from
male 10 male encountered in studies on Triatoma infestans, we found very
little variability in thousands of treated male housge flies either at moderate
or high doses of tepa. I would therefore disagree with the explanation just
presented. One should first eliminate variation in the dose to each male
and the possible use of a few non-virgin females,

D, S, GROSCH: Mr LaChance is convinced that biclogical material
is variable, a principle to which I subscribe!

J.C. GOMEZ-NUNEZ: With respect to variations in the response to
apparently equal doses of chemosterilants by individual triatomids, it seems
advigable to consider the possibility of human error in the dosage before
searching for complex biological reasons.
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F.M, WIENDIL: Mr. Carcavallo, why did you use ether and not carbon
dioxide for anaesthesis, in view of the fact that it probably has an influence
on longevity?

R.U. CARCAVALILQO: Ether is practical and harmless at the doses we
use, Idon't believe that it affects longevity, and it iz used as a matier
of routine at our laboratory, The insects are anaesthetized with ether, for
example, to prevent their escape when the flasks containing them are
cleaned,
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Abstract

AUTOSTERILIZATEON OF TSETSE FLIES: A MODEL FOR USE WITH CHEMOSTERILANTS.

The difficulties at present encountered in masi-breeding. tsetse flies for wse in eradication programs
invoiving the sterile-male technique demand that the problem be tackled from several other angles. Cne
maethod involves sterflizing flies {n the natoral population (autosterilization). While this could be effected
in varfous ways, it would appear that with chemical sterilization, an attractant would be required. In
the absence of a suitable chemical attractant for use with tsetse flies, it is suggested that the host animals
of Glossina {e, g, cattle) or other physical attractant such as a moving vehicle be employed. In the model
suggested in this paper a bullock is donned with an "over-all' itnpregnated with chermosterilant and driven
along well demarcated paths in a tsetse- infested area, Flies that make contact with the *over-all® thus
pick up the chemical and, it is boped, become sterilized, Some of the pros and cons of fhis approach
are also discussed,

INTRODUCTION

The possibility of applying the sterile-male technique for eradicating
tsetse populations has been discussed by several anthors [1-5]. One
of the main initial difficulties that need to be overcome is that of breeding
the flies in large numbers. This difficulty arises primarily because
of the very low rate of reproduction of tsetse flies. The insect is larvi-
parous; the female produces only one larva every 10 days and a total
of 10 to 15 larvae in her life-time. The success of a mass production
program is thus limited, among other factors, by this slow rate of
reproduction.

In recent years attention has been directed to autesterilization
which may be effected by several metheds. With chemicals, emerging
adults may be exposed to a treated surface or be made to pass through
a fine spray of sterilant before thé flieg are allowed to mix with the
natural population. Alternatively pupae may be treated so that emerging
flies are sterilized when they come into contact with their own puparia.
The model suggested in this paper involves sterilizing flies in the natural
population. Such an approach would eliminate the risk involved in releas-
ing large numbers of laboratory-bred flies as well as help to by-pass the
difficulty of breeding and maintaining Glossina under laboratory condiiions.
Dame and Schmidt [ 5] have pointed out that owingto the mutagenic activity
of chemosterilants presently available, it is important to ensure that
only the target species is affected. In view of the fact that no chemical
attractant is as yet known that could be used effectively with a chemo-
sterilant for tsetse flies, the present paper suggesis that the host animals
of Glossina or some other physical 'attractant' be employed for the
purpose.
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FIG.1. Model 'fly-round* aleng which a bullock may be driven.,

The model is based upon our experience in the field, namely that

(i) tsetse flies are attracted to moving objects — animals, humans,
or vehicles, and

(ii) in tsetse survey work, definite paths {fly rounds) are often
marked out and followed at regular intervals for the purpose
of estimating tsetse populaiion densities.

PROCEDURE

The target area is divided into patches {fly resting haunt$} about
100 yards by 100 yards, separated by reasonably wide paths {fly round),
as shown in Fig.1. A tame cow or bullock is procured to serve as
both an attractant and chemosterilant applicator. The bullock is donned
with an 'over-all' (Fig.2), preferably of a dull brown or black coloration.
The 'over-all' is then smeared or otherwise treated evenly with chemo-
sterilant. To prevent seepage of the chemical through the 'over-alll, a
non-absorbent material may be used. The bullock thus treated, is driven
slowly aleng the paths and close to the fly haunts (Fig.1). As the flies
alight and begin to probe through the 'over-all’', they pick up chemo-
sterilant via the legs and proboscis, as well as other parts of the body
that may come into contact with the sterilant.
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BULLOCK ' OVER=-ALL®
IMPREGNATED WITH
CHEMOSTERILANT

FIG.2. Bullock in "over-all'. The animal serves as both an attractant for flies and chemosteritant applicator,

DISCUSSION

It is our experience that tseise flies make several 'landings' on a
host animal {or moving vehicle) before settling down to take a blood
meal. Thus, the probability of a fly picking up enough sterilant from
a treated surface (in this case the bullock's 'over-all') is quite high,

It is possible alse that by making several contacts with the treated
surface flies would acquire an overdose of sterilant, which could there-
fore produce high mortality. This may be offset by applying a measured
quantity of chemosterilant evenly on the 'over-all'. Dame and Schmidt
[5] reported no significant shortening of life span when adult male
G. morsgitans were exposed for 30-60 min to a glass surface treated
with tepa or metepa at the rate of 10mg/ft’. According to the present
model, it is unlikely that a fly would remain in contact with the treated
surface continuously for over an hour, especially if it is unable to feed
or at least successafully probe through the 'over-alll,

The approach invelves also the possibility of sterilizing flies of
varying ages with the same dose of chemical. Theoretically this could
result in complete sterility of some flies while other become only partially
sterilized. Thorough labeoratory investigation of the minimum steriliz-
ing doses for flies of different ages is therefore a necessary pre-requisite.
In their experiment with tepa and métepa Dame and Ford [8] exposed
aduit male G. morsitans of varying ages to treated glass surface and
obtained complete sterility when the exposure time was 30 or 60 min.
Males exposed for 15 min, however, recovered fertility. It would appear
therefore that the time of exposure and not the age of the flies might he
a limiting factor.

Chernosterilants become degraded upon prolonged exposure to the
atmosphere. Thus, although Dame and Schmidt [ 5] achieved complete
sterility in the first 3 months with tepa applied to pupae of G. morsitans,
the effectiveness of the chemosterilant declined rapidly thercafter. COne
of the advantages of the present approach therefere would be that the
insects are sterilized without the necessity of exposing the chemical
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in the field for too long a time. It would be necessary, however, to
repeat the operation at regular and frequent intervals.

It is conceivable that a male fly sterilized by the present method
eould, in turn, sterilize several females with which it may come into
contact during mating. The effectiveness of this (secondary) sterilization
by contact would of course depend, among other things, upon the quantity
of sterilant picked up by the male at the time it alighted on the treated
surface.

The necessity for selecting chemosterilants that would only affect
the target species has been pointed out [5]. By using the present method,
the host animal of thetsetseis employed as an attractant in order to
minimize the possibility of affecting other insects in the envirenment,
Field observations however show that a number of other species especially
among the Diptera are attracted to cattle. Most of these, including
tabanids, face flies, hornflies and stable flies are either nuisance flies
or pests involved in the mechanical transmission of trypanosomiasis
in cattle. Thus, even if the present method is not entirely selective
against tsetse flies, it is obvious that most of the other insects tha
may be affected are in fact undesirable species that need to be eradicated.
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DISCUSSION

W.F. BALDWIN: May I ask Mr. Offori if he has considered the
distances over which the flies might be expected to respond to a moving
object? It seems to me that this would be a very important consideration
in developing his model for the autosterilization of tsetse flies.

E.D. OFFORI: Tsetse flies use the olfactory followed by the visual
sense to locate their host. If we drive the bullock or the treated vehicle
clese enough to the vegetation in which the flies were resting, the neces-
sary response will be elicited. This has in faet been demonstrated in
the field in Ghana for one or two species by Chapman,

P. MACHILI: Since tsetse flies normally follow a moving animal
or any moving objeet, is it not of some advantage to give the test animal
certain types of stimulants or irritants to make it more mobile than usual?



TAEA-SM-138/40 257

E.D. OFFORI: In point of fact it is better if the animal (or vehicle)
maves slowly. We catch more flies when the vehicle is driven slowly
(about 5 miles/h) than when it is moving fast.

P. MACHILI: One other important factor would be the effect of the
weather. Presumably the test animals would have to be released into
the test area during dry weather so that the chemosterilant is not washed
off by rain. Unforiunately, dry weather is the time when the animals
are less mobile and more likely to be resting in the shade. Have you
any comments about this?

E.D. OFFQRI: Yes. In this model, I propose tu use a tame bullock
which I can drive around the area. The bullock will attract flies, which
will receive ehemosterilant from the animal and return to the wild population,
It is immaterial whether the wild host animals are resting in the shade or not,

P. MACHILI: Lastly, have you thought about using wild animals
instead of cows, which would have to contend not only with the over—alls,
but also with their own survival?

E.D. OFFORI: Idon*t want to use wild animals. I am sure you
appreciate that as chemosterilants are dangerous, we should be able
to eontrol the method of application. You would not have this control
if you were to apply the chemical to a wild animal. That is why I prefer
a tame bullock or, better still, a vehicle.

G.R. SBETHI: Your Fig.2 gives the impression that only the upper
portion of the body of the animal is to be covered with material treated
with chemosterilant, Would it not be better to cover the whole bady
to give more treated suriace area with which the flies can come into contact?

E.D. OFFORI: The final details of the over-all have not been worked
out, but I think your suggestion ig & good one.

G.R. SETHI: You propose to try this technique in Africad, where
the temperature is rather high in the field. Work on persistent insecti-
cides has shown that the loss of insecticide is considerably greater at
high temperatures. Wind veloeity has also been found to affect per-
sistence. Would this phenomenon not have an adverse effect on your trials?

E.D, OFFORI: That is quite possible, and I admit that it is one of
the many problems we have to contend with. However, zccording to my
'model', it will not be necessary to expose the chemical in the field for
too long a time, so that the danger you refer to will be minimized.

R.C. BUSHLAND: If you wish to sterilize 90% of the flies in a given
area using chemosterilant-ireated animals, will it not be necessary to
have your bait animals cutnumber the wild animals at a ratio of 9to 17

E.D. OFFORI: Idon't think this will be necessary. Using human
baits or a moving Landrover vehicle:‘ we were able on many occasions
to attract iarge numhbers of flies in the Mole Game Reserve in Northern
Ghana, despite the fact that wild host animals were present in the nearby
vegetation.

A, MEWS: Am I right in thinking that in a number of tseise species,
the majarity of flies attracted to a moving cbject would be males? Would
this have any effect on your theoretical model?

E.D. OFFORI: The answer to your first question is yes. During
preliminary studies of Glossina submorsitans in the Mole Game Reserve
we observed that the males outnumbered the females in the ratio of 20
to 1. The effect on my 'model’ would be advantageous because, after all,
it is the males that we wish to sterilize,
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Abstract

EFFECTS OF TRETAMINE ON 4th~ AND 5th-INSTAR Oncopelrus fasciatus NYMPHS: DEVELOPMENT OF
EGGE FROM TRETAMIME«TREATED FEMALES,

One microgram of tretamine, topically applied in acetone solution at the beginning of the 4th- and
Sth-nymphal instars of Oncopelous fasciarus (Dallas) (Heteroptera: Lygaeidae), prevemted almost completely
the next moult: similar application toward the end of the 4th instar permitted the majority of the nymphs to
moult into Sths but a small percentage of them succeeded in cuming inte aboomnial adults, AT these treatments,
at stages with spermatogonia and spermatocytes present but no sperm produced yet, did not prevent sperm
formation, Applications on mid- or late-5th-imstar nymphs had no apparent effect on adult moulring and the
later-meated male pymphs {mote spern present) showed, as adults, less mating activity and more sterility,
The early-treated Sth-Instar nymphs had a reduced weight at the time when they should start moulting imo
adultz and mamy of them survived as abniormal 5ths for an unusnally long period; most dled In an apparent
effort to moult,

One=day-old female bogs were treated topically with 1 pg/insect of tretamine and their ovaries were
dissected out after 5 and 25 days. At day 6 most of the ovaries contained no apparent oocytes and very few
had ovariales with small poeytes; at day 26 several ovarles showed various stages of recovery. Females treared
on the second day of adult life (cocytes not fully developed yet) and caged with normal males, laid eggs of
variable size, the smaller showing higher embryonte death. The striking reduction in egg size suggests injury
to the trophocytes.

INTRODUCTION

Tretamine was found highly effective in sterilizing Oncopeltus fasciatus
males whent ireated as adults [1], Subsequent work showed that female
bugs were also sterilized by tretamine. When young females were treated,
a low or diminished fecundity was observed; treatment at a later stage, egg
laying already started, resulied in a drastic reduction of egg viability for
the mature eggs (developed and stored before tretamine application) and an
arrest in the production of new eggs [2]. Eggs of emall size were always
produced in experiments with chemosterilized females; they were detected
a few days after treatment and were probably produced by females which
suffered minor damage and had started recovering. Lawson and Ball [3]
found a similar significant reduction in the number of eggs produced by
metepa-treated Q. fasciatus femaies.

* present address: "Democritus® Nuclear Research Center, Aghia Paraskevi Artikis, Athens, Greeca,
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Sperm formation in O, fasciatus males starts at the beginning of the
Sth nymphal instar, and by adult day 1, half of the testis volume is occupied
by sperm [2]. Bynthetic compounds with juvenile hormone. activity (6th-
instar nymphs produced) did not alter the sequence of sperm production
and the same was true when testes from very young 5th-instar nymphs or
late 4ths (sperm not produced yet} were transplanted into adult male or
female milkweed bugs.

This work was designed to Investigate the effects of tretamine on
O. fasciatus nymphs as well as to study the development of small and normal-
size eggs from tretamine-ireated females,

MATERIALS AND METHODS

The polyfunctional aziridine tretamine (2, 4, 6-tris {1-aziridinyl)-g-
triazine) was provided by J. 8. Bowman (Agricultural Division, American
Cyanamid Co., Princeton, N.J., U,8,A.). Solutions of 1 ug/ful in acetone
were prepared just before topical application. A Hamilton repeating
dispenser was used for topical application of one 1-d droplet on the ventral
thorax, between the legs, The insects were anaesthetized with COy before
treatment for easier handling. The bugs used were of the CS-18 and
CS-1% strains {18 and 18 generations of consecutive rearing on a mixture
of cashew nuts and sunflower seedsg), Whenever bugs were needed for
experimentation, colony cages containing bugs of a stage of development
preceding the one needed were transferred into an incubator with a constant
temperature of 30°C, At this temperature development is accelerated and
the experimental time is shortened. Whenever nymphs were treated they
were from both sexes and in a 1:1 sex ratio. The colony bugs were kept
at room temperature {20-22°C) in the plastic cages developed in the
Department of Entomology, University of California {Gordon and Jao,
unpublished data),

For dissections the living females were pinned on their backs {0 a
paraffin-bottom glass dissecting dish covered with an insect saline
(6.5g NaCl, 0.25g KCl, 0.25g CaCl, and 0.25g NaHCO, in 1 litre of
distilled water). The female reproductive systems were studied or
photographed soon after dissection in the saline,

Egg development after tretamine treatment was studied in females that
were {reated on day 2 of adult life. About 40 treated females were mixed
5 days after treatment with an equal number of normal males of similar
age, Eggs laid during the 7th and 8th days were discarded and from
then on the eggs were harvested daily, from the special egg-laying holes
covered with cheesecloth, and held in EP-14 polyethylene cups covered with
EP-16 ones {Protective Closures Incorporation, 2207 Elmwood Avenue,
Buffalo, New York 14218). The eggs were kept at 30°C for a period of
8 days. The control cage had also 40 bugs from each sex at the beginning.

Only a random sample of 40-80 control eggs were kept daily for exami~-
nation. Control eggs produced during the first or last days of the fecund
pericd were not used, to avoid the age effect described by Richards and
Kolderie [4], These workers found that very early and very late in the
fecund period O, fasciatus females lay fewer eggs that weigh less, take
longer to develop and give lower hatching percentages,
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TABLE I. PERCENTAGES OF 4th- AND 5th-INSTAR Q. fasciatus
NYMPHS THAT SUCCEEDED IN MOULTING INTO 5ths AND ADULTS
AFTER TOPICAL APPLICATION OF 1 ug OF TRETAMINE

Treated insects No, of Percent that Parcent that
insects moulted to Sths ended up as adults

0 - 24-howr-old

4th=instar nymphs® 40 7.50 0.0
Late 4th-instar®

nymphs 50 70,0b 30, 0P
0 = 24=-hour~old

Sth-instar nymphs 144 0,7b
8 - 4~jay=-o0ld 5th-

Enstar nymphs 58 BB
6 - T-day-old 5th-

{nstar nymphs 20 98,3
Control AC 28 92.3
Control B¢ 35 94,8

3 No contrals. for the early and late 4th-instar treatments were undertaken, However, in other

experiments with compounds having juvenile hormone activity, early and late 4th-instar nymphs
were treated topically with 1 il of acetone; more thar 80% of the treated nymphs meulted into
5ths and adults respectively,

b Mostly weak and abmormal {nsects,

0 - 24-hour-old 5th=instar nymphs treated with 1 ¢l of acetone topically,

Control nymphs fot treated with acetone,

TABLE II. AVERAGE BODY WEIGHT IN mg OF 5th-INSTAR O. fagciatus
NYMPHS TREATED WITH 1 ug OF TRETAMINE TOPICALLY

The nymphs were treated ag 0 - 24-hour-old 5ths and weighed 6 days
later (just before moulting to adults)

Insects Males Females
Treated a7,3{3m2 53, 4 (44)
control 49, § (35) 81,2 (22

2 In parenthesis the number of imects used,

Eggs recorded as presumably fertilized in Table III remained fully
distended for the greater part or all of the ochservation period of 8 days.
Lawson and Ball [3] reported that fertilized O, fasclatus eggs develop
a non-cellular structure at the surface; they did not find the above layer in
eggs from virgin O. fasciatus females, and these eggs exhibited a shrunken
and dull appearance soon after oviposition,
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RESULTS AND DISCUSSION

Nymphal treatments

Table I shows that when very young 4ih- and 5th-instar nymphs were
treated with 1 ug of tretamine the next moult was prevented in almost all
nymphs, The majority of late 4th-instar nymphs treated with tretamine
succeeded in moulting into 5ths and a considerable percentage finally
moulted into adults, A total of 82% of the nymphs treated as mid-5ths turned
into adults and the late~5th-treated moulied in percentages not different
from the controls, Fifth-instar nymphs treated at the beginning of the
instar had a reduced weight at the end of a normal instar period (Table IT}.
Several nymphs treated as early 4ths or late 4ths remained 4ths and 5ths,
respectively, for an unusually long period. The phenomenon appeared more
striking (because of lower mortality) in nymphs treated as early SHths, Thus,
out of 144 treated nymphs 30 were found surviving as sbnormal 14~day-old
5ths and 20 were alive 20 days after treatment. The 5th-instar usually
lasts 6 - 7 days at 30°C. In a control test only 2 out of 112 5th-insiar nymphs
yemained 5ths for up to 15 dayg; this could be attributed to some hormonic
imbalance caused by genetic variability.

Since the same amount of tretamine was applied on all nymphs of Table 1,
the eariier stages received a much greater dose per unit body weight., The
average body weight of a 0 - 24-hour-old 4th-instar nymph was found [2] to
be B,3 mg, of a 0 - 24-hour-old Sth-instar nymph 23, 3 mg, and of a 0 - 24-
hour-old adult 49, 6 mg. Seeing that there is no significant weight difference
between a nymph at the end of any instar and the same nymph at the very
beginning of the next instar, one can approximate the applied quantities of
tretamine to 160, 40, 40 and 20 mg/kg for the early 4th, late 4th, early 5Sth
and late 5th-instar nymphs respectively. Thus cne can explain the increased
mortality in the early-4th-treated nymphs where only § (3 4thg and 3 5ths)
out of 40 were gurviving 12 days after ireatment. In the late-4th-treated
nymphs 27 (12 5ths and 15 adults) out of 50 were surviving 12 days after
treatment, The fact that the majority of the 4th-instar nymphs treated at
the end of the instar succeeded in moulting into 5ths and many of them
ended up as adulis but only one out of 144 5ths treated at the beginning
of the instar moulted into an adult, indicates a special chemosterilant
sensitivity at the beginming of the instar, Harwalkar and Nair [5], working
on another hemipterous insect, Dysdercus koenigii (F.), found that
¥ -irradiation of an instar during its late phase did not affect iis next moult;
irradiation during the early stage did affect the next moult. They suggested
that treatment at a late stage is not very critical for the spproaching moult
since the epidermal cells have already divided.

A similar situation could be the case with the chemosterilants that
inhibit mitosis. Kuzin et al. [6] showed that pupation in g-irradiated larvae
of Ephestia kithniella is not inhibited because of a damage to the DNA of
the hypodermis but because of the absence of the moulting hormone,
ecdyeone. During the 5th instar of O, fasciatus the amount of ecdysone/g
of bug is much higher between days 1 to 6 than days 0 and 7, no ecdysone was
found on the day of adult ecdysis, and a low level was found in the subsequent
days [7]. Therefore, if tretamine damages the neurosecretory cells, as
g-irradiation seems to do in Ephestia kithniella, an early treatment in the
5th instar could deprive the insect of the hormone level necessgary for




264 ECONOMOPOULOS

moulting, In all nymphal treatments abnormal forms were observed towards
the end of the instar. These forms looked like 'nymphs in an effort to
moult' with wing pads abnormally developing and the old cuticle never cast
off guccessfully; all died before moulting. The majority of these abnormali-
ties were found in nymphs treated as young 5ths. Very few were observed
in the other treatments, and in nymphs treated as late 4ths the phenomenon
appeared towards the end of the next instar, Partial damage to the dividing
cells or inadequate quantities of ecdysone could be the canse of these
irregularities.

Adult males surviving from the nymphal treatments (Table I) were
caged with normal females of similar age. For 15 days the eggs were
collected and examined to evaluate the male sterility, The control data
reprezent the 20 1st days from a typical control cage used at that time for
the main sterility experiments [2]. In all cases 5 - 8-day-old males were
caged with females of similar age, Table III shows that males treated as
late 4th-instar nymphs gave zero observed mating activity during the
15-day period that they were caged with normal females. These males
were weak insects weighing 36. 6 mg each, on the average, instead of 50 mg
which is the average body weight of a normal male. At the end of the
15-day period the surviving males were opened and large quantities of
sperm were detected in the testes and the seminal vesicles. Thus, treat-
ment at a stage with no sperm present yet, does not seem to prevent its
formation. The substantial number of eggs recorded as fertile, even without
any observed mating activity, indicates that the discrimination of eggs into
fertile and infertile soon after oviposition is not highly accurate {something
already seen in previous work with O, fasciatus [2]}.

Males treated in the middle of the 5th instar gave double mating activity
compared with those treated at the end of the instar. Fertility, viability
and hatchability were also much higher in the case where males were
{reated a8 mid-5ths, The much larger number of eggs per female-day in the
cage with mid-5th-ireated males is probably the result of a more intense
mating activity, Gordon and Loher [8] showed that mating activation is the
dominant factor controlling egg production in the C8 strain. On the other
hand, the lower egg production rate in the control cage is probably connected
with the larger number of ingects in the cage [2].

The observed male mating activity in both mid- and late-5th-ingtar-
treated males was much lower than the control and the phenomenon is
egpecially giriking in the late-5th-ireated, Seeing that in other experiments,
with males treated as young adults with 20 mg/kg of tretamine and with cage
density well above the 14 insects, the male mating activity for the 1st
20 experimental days was above 20-25% (percent males mated) [2], one
concludes that nymphal {reatments are more harmful to the vigour and male
mating drive, In both mid- and late-5th~instar treatments the first fertilized
eggs appeared 10 - 12 days after treatment and fertility, viability and hatch-
ability were constantly higher in the mid-5th treatment, In both treatments,
viability and hatchability are considerably higher than in experiments with
males treated as young adults with 20 mg/kg of tretamine [2]., Thus, the
data suggest that nymphal treatments caused more damage to the male
mating vigour and less sterility. However, the small insect numbers used
in the sbove experiments do not allow any firm conclision on mating activity
and sterility in adults treated as nymphs with tretamine, A preferential
major effect of tretamine on mature spermatozoa could explain the lower
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FIG,1. Ovaries from a 6-day-old O. fasciatus female (control) with many growing oocytes x 9,

sterility induced in nymphal treatments; young adults have more sperm than
late-5th-instar male nymphs and the later more than the mid-5ths [2].

Fahmy and Fahmy [9] suggested that the mature spermatozoa are primarily
affected by tretamine and Jackson [10] found that the fully formed spermatozoa
and spermatids are far more sensitive to tretamine than earlier stages.

Adult treatments

Figures 1 -3 present the whole reproductive system in control and
treated female bugs, As these pictures suggest, tretamine inhibits oocyte
development, Upon recovery (Fig. 3), some abnormally small oocytes
appeared in some of the ovarioles, On day 26 the control females had the
ovarioles full of growing oocytes and the lateral oviduects with many stored
ova; ovaries with no signs of recovery on adult day 26 presented a picture
similar to Fig.2. Very few females were found recovering 6 days after
treatment. Many chemicals have been used to induce female infecundity,
which is usually attributed to severe damage to either the oogonia or
nutritive cells or both [11]. Hussein [12] showed that HMPA and metepa,
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FIG.2. Ovaries from a 6=-day-old O, fasciatus female treated with 20 mg/kg of tretamine on the first day

of adult life, Oocyte development is completely arrested x 9,

topically applied, decreased egg production by about 50% when Lygus
hesperus females were treated. Morgan [13] found that female house flies
maintained on food containing 1% or 2% hempa showed inhibition of egg
development followed by vacuolation in the nurse cells and oocytes, Smittle
et al, [14] showed that German cockroach females injected with tepa pro-
duced few or no oothecae,

In previous work applications of tretamine at 20 mg/kg (1 ug/bug)
delayed egg production in milkweed bug females for about 10 days; the
subsequent egg production rate was low and many eggs were abnormally
small [2], The above applications were on adult days 1 -2 when no visible
oocytes are seen in the ovarioles. (A minor experiment, on the development
of ovaries at 30°C, showed that the first macroscopic signs of oocyte
development usually start 3 -4 days after the adult moulting). Table IV
shows that one out of three eggs produced by O. fasciatus females, treated
with 20 mg/kg of tretamine on adult day 2, had a significantly reduced size.
These small eggs gave an extremely low hatch and almost none of the
minute nymphs ended up as adult; most of them died during the 1st instar,
Eggs of a normal size, laid by treated females, gave lower hatch and more
embryonic death than the controls. The majority of small eggs developed
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FIG. 3. Ovaries from a 26-day-old O. fasciatus female treated with 20 mg/kg of tretamine on the first day of
adult life. Partial recovery of oocyte development can be seen in some ovarioles X 8.

an embryo to some degree but no hatch finally took place (red embryo
seen inside). The percentage of adults developed from control eggs (22%)
is not considered a representative one since observations in our laboratory
usually show a figure of about 30%. The most likely explanation of that low
nymphal survival is that for 4 - 5 consecutive days, in the middle of the
experimental period, the control eggs were kept in jars which previously
housed bugs injected with large quantities of DEF (S, S', S''-tributyl
phosphorotrithidate), an aliesterase inhibitor. As the control females
started growing older their eggs wé¥e often observed to be smaller but not
to the extent that one could list them as being % - } of a normal-size egg.
On the other hand the small eggs from treated females were fewer toward
the end of the experiment, probably the result of a progressive recovery.
The above effect on fecundity indicates injury to the trophocytes. This
is well indicated by the striking reduction in egg size, a result of deficient
supply in nutrients, Richards and Kolderie [4] showed that small eggs from
normal milkweed bugs have also a reduced hatchability, and Richards [15]
pointed out that the weight of eggs is not only correlated with their hatcha-
bility but seems tobe also related to successful hatching. ILaChance and
Leverich [16] suggested that g-irradiation hampered oocyte growth in
Cochliomyia hominivorax presumably because of damage to the nurse cells,
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The same researchers [17], working with an alkylating agent (2, 5-bis(1~
aziridinyl)-3, 6-bis(2 -methoxyethoxy-p-benzoquinone)) on the same insect
suggested that chemical mutagens affect the endomitotic process in nurse
cell chromosomes (which leads to the formation of polytene chromosomes)
resulting in reduced insect fecundity,
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DISCUSSION

L.E. LaCHANCE: As iretamine treatment of the 4th instar did not
prevent the production of mature sperm, could you tell us whether
spermatids were present at the time of treatment,

A, P. ECONOMOPOULOS: No spermatids were found in testes from
late 4th O. fasciatus males, The 4th-instar was found to be the period of
spermatoeyte accumulation, so that at the end of the instar the testis was
packed with numerous layers of spermatocytes, At the very beginning of
the 5th instar a wave of differentiation starts which proceeds toward the
apical region of the testis; by the time the 5th-instar nymph is ready to
moult into adulthood, half of the testis is full of sperm. Gordon and I have
establighed this,
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Abstract

RECENT DEVELOPMENTS IN THE BIOCHEMISTRY AND FEEDING BEHAVIOUR OF HAEMATOPHAGOUS
ARTHROPODS AS APPLIED TO THEIR MASS REARING,

Due to the large quantities of blood required by parasites In order to complete their develepment, it is
very often not economic to mass-rear them unless a rearing method ourside the living host is developed,

Inducing the parasites to feed on blood, even from their natural host, {s often complicated. Some
insects can be fed bluod when it is offered on cotton pads, but most parasites require conditions which simulate
more closely their natural feeding manners. In most cases they are fed through membranes which cover the
blood meal wanmed to body temperature. For mass rearing it fs important to have a membrane which is
cheap, commercially available and easily prepared for mass feeding, The suitability of a great number of
membranes was tested over the years, It was found that Mood-sucking arthropods feed becter through animal -
derived membranes, although in certain cases other membranes were also useful, Animal-derived membranes
are relatively expensive since they cait be used only a limited number of times before they stam to leak,
Therefore, the search for proper synthetic membranes should be continued, Once a feeding method has been
developed, the feeding stimulants should be identified. Many blood feeders refuse to feed on 'aged blood® or
on haemelysed blood, and even more so on dehydrated blood which was dissolved again awing to the
deterioration of stimuli. For many blood feeding insects ATP was identified as the feeding stimulant, and
addition of ATP to aged blood, serum, or even to saline, induced feeding in mosquitoes, tsatse flies, fleas
or Rhodnius, Reduced glutathione was identified as the phagostimulant for soft ticks. Shagostimulants for
many other blood feeders have not been fnvestigated,

Using feeding stimulants, natural diet, i.e. blood, could be replaced by amificial diet. So far ne
bioad feeders have been reared fromt egg to egg on chemically defined media, although rearing was achieved
by artificial feeding on biood. Blood frem various sources, other than natural host, should be tested since
better yields are often obtained on non=patural hosts,

The utilization of the blood of verteb:t;ates ag food ie a property that evolved in-
dependently in a considerable mumber of arthropods,

Among arthropods with incomplete metamorphosis we find many groups which
nourish themselves constantly during their nymphal and aduilt stages on vertebrate
blood 2nd have no other source of nutrition, These include several familes of the
Acparina and Insects - Kodidae, Argasidae, Gamasidae, Pediculidae, Cimicidae
and Triatomidae, Among insects with complete metamorphosis we also find some
groups which use blood aa a sole nutrient. These are the Glossinae and Pupiparsa,

On the other hand, many blood-sucking inegscts with complete metamorphosis
are scavengers or omnivorous feeders during their larval stages and use blood
only as adults. At their adult stage they may feed on blood alone as do all the Si-
phonaptera where blood serves as both 2 source of energy and a source of protein

273



274 GALUN

for reproduction, or they may use blood proteins for egg maturation and carbohyd-
rates for energy consumption, This type of diet we find among Tabanidae, Culici-
dae, Phlebotominae, Simuliidae, and the blood-sucking species of Ceratopogonidae
and Muscidae (other than Glossinae).

Arthropods which require blood for thetr entire development consume very
large amounts until they reach maturity and reproduce, while ingects that require
blood only for reproduction, take relatively small amounts, However, during the
eourse of their blood imbibing both groups secrete anticoagulants or toxing that
act adversely on their hosts.

E seems therefore very important to develop a method for artificial feeding for
these insects when their mass-rearing is considered.

Blood feeding away from the host may be a simple problem with some of the
Diptera which feed both on blood and nectars. Blood-sucking Muscidae such as Sto-
moxys, Lyperosya or Haematobia feed readily on blood offered by soaking an ab-
sorbent cotton with it [1-3]. K the blood is warmed, the flies are attracted to it
immediately, but they also feed readily on blood at room temperature, although they
can detect its presence only by contact with their tarsi [4].

Mosquitoes do not possess chemoreceptors which can detect blood on the tarsi,
labella or ligula [5] and therefore do not imbibe unwarmed blood. However, sugar
receptors are found on these organs [ 5] and thus supplementing the blood with su-
gar induces feeding [6]. A careful choice of the most stimulatory sugar for the
mosqguito -sucrose~ can increase the uptake of the blood and thug increase also the
egg production [7). Tn the Tabanid fly Crysops, addition of glucose increased very
markedly ingestion of blood [8].

However, most of the arthropods which feed exclusively on blood, refuse to take
blood frem 2 free surface and the food has to be given in a manner simulating more
closely the warm-blooded host, L e, through a membrane which covers the warmed
meal.

The membrane-feeding technique has been utilized for studies on transmisgion
of pathogens by their arthropod vectors, already since the beginning of the centary
[9]. B is a useful tool in mdritional and behavioural studies and has been employed
for the collection of oral secretions from mosquitoes and fleas [10,11].

Lahoratory colonies of lice, tsetse flies and Pulex fleas were even maintained
throughout their life cycle by feeding them blood through a variety of membranes
[12-15). However, the size of the colony was much smaller as compared to a2 colo-
ny feeding on live hosts.

Many of the rapid-feeding, blood-sucking arthropods have been fed artificially as
indicated in the review of Targhis on this subject [18]. The slow-feeding hard ticks
seem to posgess a greater discrimination towards their site of attachment and no one
has, so far, fed them artificially in a satisfactory mammer which eould be adopted
for mass-rearing [17].

From Tarshis's review [16] it seems that the mexbrane origin and thiclmess
are of great importance for successful feeding. Generally, animal-derived mem-
branes are superior to those of a vegetable or synthetic origin, The animal-derived
membranes become soft and pliable and easily penetrable by the arthropods when
placed on liquid,

The thickness of the membrane may be a determining factor in the case of an ar-
thropod with short proboscis such as the louse or flea [18,18]. Thin membranes are
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advantageous for moest blood suckers, with the notable exception of the tsetse fly.
Yester apd Tloyd [20] claimed that the tsetse flies fed more readily through thicker
gkins such as those of vultures, fowl and monkeys rather than through thin skins of
small birds, rais and lizards. Ox bladder and peritoneal tissue also allowed feeding,
although legs efficiently than skin [21]. Recent observations [22] also show that mouse
skin membrane was much superior to a thin membrane made of ox caecum | 22].

In view of these facts it was supgested [23] that a thick membrane is necessary
for the haustelltim of the fly to be inserted quite deep In order that a series of tacti-
le sense organs be stimulated before the chemical stimulus of contact with blood is
received on the sensory plate at the tip of the labellum, Using agar membrane of
inereasing thickness it was possible to show that it is the thickness of the membra-
ne rather than its nafure which is important for suceessful feeding [23].

Where mass-rearing is concerned, it would be useful to have a cheap, dispos-
able membrane which could easily be prepared under laboratory conditions and, if
necesgary, sterilized. A cheap, commercially available standard product would de~
finitely be recommended, Some animal-derived membranes are commercially avail-
able. Bauwdruche Capping fransparent membranes are prepared on a commercial
scale from bovine intestine by Long and Long Co, , Beltsville, N, J. The thinnest
Baundruche membrane ig approximately . 0007 in. These membranes may be obtained
in sheets of approximately 9 x 36 in, They were found suitable for feeding mosqui-
toes, fleag and ticks [186, 24, 25], but gave only partial feeding with the tsetse fly
[22].

Although commercially available, Baudruche membrane is quite expensive, too
fine to be used over large areas,and very offen leaks. R would be much preferable.
to use synthetic or semi-synihetic membranes if the insects could be induced to feed
through them.

An extensive survey for the suitability of materials which could be obtained in
sheet form was carried out in feeding experiments with lice[ 26], mosquitoes {16, 27]
and fleag [16]. Commercial packaging films, Including Saran, Mylar, cellophane
and polyethylene, were found unsatisfactory, probably because of their toughness and
high tear resistance. Parafilm, which is a mixture of Tubber and wax, was reported
as suitable for the feeding of body lice [26], soft ticks [28] and is now in roctine use
for artiffcial feeding of aphids [29]. Parafilm was found, however, very unsatisfac-
tory for tseise flies [22, 23] and for the mosquito Aedes aegypti,although Anopheles
stephensi fed through it much better. This membrane has many advantages: it is
available in any required size, it can be stretched to fit insects which require thin
membrane, it may be sterilized easily by U, V., and iz very easy to handle. There-
fore, the use of this membrane should bg tested for each insect to be fed artificially.
Lice and Reduviid bugs were successfully fed on various natural rubber products
such as gutia percha [26], latex [30] or Durex rubber [31].

The physical and chemical basis for the relative effectivenegs of the different
membranes is still unknown. We also do not understand why certain membranes are
very effective for one insect, and unsatisfactory for anothex. Much more informat-
icn on the sensory physiology of feeding is necessary in order o devise an fdeal
membrane, R

In all membrane-feeding experiments the feeding apparatuses were constructed
in such & manner that the insects were practically brought in contact with the mem-
brane. In this procedure, environmentzl factors which influence the alighting of in-
sects on the membrane can be overioocked. However, insecis tend to attack, or



276 GALUN

FIG.1. Probing pattern of Glossina austeni on plasma,

rather probe the membrane, with less alacrity than the skin of a live animal. Re-
cognizing the factors which induce probing may help to increase the efficiency of
feeding.

Substrate temperatures, approximating to those of mammalian skin, have been
reported to elicit probing in stable flies [4], mosquitoes [32] and tsetse flies [33].
It is, therefore, recommended to heat the blood to 34° - 38° [16]. In addition to
temperature, other stimuli may increase probing. Thus Gatehouse [34] found
that rapid increase in relative humidity synergizes the temperature effect in Sto-
moxys. Vapours of butyric and valeric acids were reported to induce probing in
the tsetse fly [35], but failed to do so in Stomoxys [34]. In Stomoxys carbon di-
oxide failed to induce probing when presented alone or simultaneously with increa-
sed temperature [34]. In mosquitoes, probing response to a warm surface was
enhanced by carbon dioxide [36].

Simuliidae often remain inactive when offered a blood meal. It was found that
carbon dioxide induces captive flies to rapidly become active and to swarm to the
undersurface of the membrane [37].

Some physical properties of the membrane may also play a role in probing.
Thus, colour, reflectance and roughness of the surface may enhance or reduce
probing. Duration of probing of Stomoxys was extended on a rough surface of low
reflectance [38]. Undulating the membrane surface rather than stretching it into
a smooth surface improved the feeding performance of the oriental rat flea [24].

Once probing has been induced, a stimulus of a different type is gecessary to sti-
mulate specific "blood chemoreceptors' which supply the sensory output to switch
from probing to gorging.

It has been observed by many workers that tsetse flies [29], mosquitoes [39],
Rhodnius [40] and fleas [41] gorge very reluctantly on diets lacking erythrocytes.

I offered plasma alone, the tsetse fly will probe into the solution repeatedly
for several minutes without gorging, while if red blood cells are present, the first
probing will be followed by gorging a full size meal without withdrawal of the
fasciesuntil the meal has been completed. This process is clearly illustrated by
electronic recording of the feeding process, using a "bitometer' constructed in a
manner similar to that of Kashin and Wakely [42]. In this apparatus, when the fly
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FIG.2. Feeding pattern of Glossina austeni on beef blood.

.
FIG.3. Feeding pattern of Glossina austeni on 10™*M ATP in 0. 85% NaCl solution.

probes through the membrane and comes in contact with the test solution, an
electrical circuit is completed and variations in the current flow are recorded on

a strip chart recorder. Ascan be seen in Fig.1, within 150 seconds the fly inserted
and withdrew its fasciles 80 times, while on the blood meal the first probe is

switched into active sucking (F'ig. 2). Within 48 seconds 26 mg blood were
imbibed by the fly [ Margalit and Galun - unpublished].

Quite a few works ju the last decade identified the feeding stimuli in the blood
cells. Mosquitoes [29, 43], Rhodnius [40], fleas [41] and tsetse flies [44] are
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TABLE 1

Feeding response to Glossina austend

—— A T )
Living rabbit 22 20 14 22
‘Whole fresh bovine blood 1s 17 15 22
Aged whole bovine blood 18 4 13 24
Bovine serum 38 i 15 -
Red blood cells 18 16 13 28
Aged whole blood + 10 M ATP 15 12 13 23
Bovine serum+ 10 °M ATP 19 19 15 30
Bovine albumin +10"°M ATP in
0.15 M NaCl 26 25 14 24

all stimulated by adenine nuclectides with ATP being the most effective one. The
pattern of gorging on ATP exhibited by the tsetse fIy is similar to that shown on
blood.(Fig. 3).

By the addition of ATP the insects can be induced to feed on serum, "aged hlood"
which lost its stimulatory activity due to decomposition of ATP, and even on syn-
thetic diets which are normailly not imbibed. As seen in Table I [taken from 22],
the size of the meal with ATP is not smaller than that of fresh blood,

ATP is a relatively expensive compound, and is very labile especially upon heat-
ing and at an alkaline pH (which is usually preferred by blood-sucking insects
[45,48]). Chelating this compound with divalent ions mskes it more stable, and it
does not lose its stimulatory activity, provided the chelate has a stabflity constant
lower than that of ATP-2n chelate, As long as the metal chelate is not toxie, its ad-
dition may lower the price of mass—feeding.

Some insects such as Stomoxys [2] and Lyperoya [47], several species of mites
[48] and ticks [49] feed readily on serum as well as on whole blood. Of these spe-
cies feeding atimull were identified only for goft ticks., Ticks can be stimulated to
feed by either reduced glutathione of the red blood cells, or by severel amino acids
which are found in the plasma - together with glucose, The most effective amino
acids were leucine, iscleucine and proline [49],

Until the phagostimulants of the haematophagous arthropods were recognized it
was impossible to evoke optimum amounts of feeding on artificial diety, and in any
nutritional study either 2 amall amount of red bleod cells was added to the diet [50) s
or the study was conducted on a host whose diet was controlled in order to render it
deficient in certain components [51].

In spite of the fact that a variety of phagostimulants have been identified for se-
veral years, a chemically defined diet which supports the development of haemato~
phagous arthropods hag not been developed, so far. Studies In composing a defined
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diet were limited mostly to insects which require bloed only for reproduction, and
evidently need the blood meal only as a source of proiein.

When mosquitoes are fed enzymatic digests of casein, or a mixture of amino
acids in a proper balance, they can produce a considerable number of eggs [6].
When fed bovine serum albumin or milk {using ATP as a stimulant), no ovarian de-
velopment is induced even though the proteins contain all the essential amino acids.
Vitellogenesis is initiated only if blood components are incorporated in the diet [52].
This 18 probably due to the fact that the proteins are not hydrolyzed into their amino
acids due to the lack of inftiation of the production of the proteolytic enzymes of the
mosquitoes. We also observed in our laboratory that tsetse files fed on bovine
gerum albumin died within 24 hours, without digesting their meal {unpublished re-
sults)., Similarly, Rhodnius and bed bugs die a short time after engorgement of
milk. I seems that milk ig not broken down in the gut [31,53].

The digestive aystem of unfed Insects contains little or no proteolytic activity.
The proteclytic activity increases after the insect takes a blood meal, and then de-
creageg again [54]. A factor in the blood, yet unknown, is regponsible for inducing
the proteclytic activity in the insect gui. Blood components such as serum, plasma
or washed erythrocytes [54], as well as some commercial proteing, induce proteo-
1ytic activity. However, the inducer does not have to be a protein and could easily
be some unrelated compound which is normally found in blood but may be missing
from many commercially available proteing, Thus, when preparing a synthetic
diet, this factor should not be overloocked.

Tsects feeding on certain hosts will develop more eggs than on ofthers. WMaxi-
mal number of eggs may often be obtained by feeding on blood obtained from hosts
other than the natural ones.

In spite of the fact that the stimulants which induce haematophagy identified so
far are common to all animals, some insects cannot be induced to feed on blood
other than of their naztural host. This phenomenon iz observed especially among
some flea spp. The sand-martin flea Cerytophyllus styx takes a small amount
of mouse blood, and once the blood reaches ite pharynx it stops feeding and
does not {ill its midgut (M. Rothschild - private communication).

The rabbit flea Spilopsyllus cunieuli, aithough it can sometimes be found on
hare or cat, depends on the reproductive hormones of the rabbit for its normal
reproductive cycle [35). This flea could not be induced to feed through a membrane.
However, when Insects can he induced to feed through a membrane they will,
in most cages, feed on fresh blood from & variety of hosts.

The mosguito Aedeg aegypti produces considerably less eggs on human or mon-
key blood than on bird blood, or on blood derived from frogs or turtles [56, 57).

R was thought that nucleated blood cells were more nourishing. However, the fact
that the mosquito produced on guinea pig wpd rabbit blood as many eggs as on nu-
cleated cells, does not support this hypothesis, The most 1ikely explanation is that
the amino acid balance ig more suitable in blood of certain hosts than it ie in others.
R was thug shown that sheep erythrocytes produce hardly any eggs in Aedes, but the
addition to the diet of isoleucine increased egg production [50). Haemoglobin of
sheep or of man is very poor in isoleucine, while the haemoglobin of pig or rabbit
1s richer in iscleucine, and there, the addition of isoleucine does not increase egg
production.

The tick Argas arboreus which parasitizes the heron produced many more eggs
on heron or pigeon blood than on rabbit blood [58). The tick Ornithodoros tholozani
produced fewer eggs on goose blood, as compared to sheep or ¢amel blood [Galun -
unpublished], Camel blood was found superior to any other blood when artifieial
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feeding was employed. This Is probably due to its resistance to haemolysis. E was
often found that when arthropods were fed haemolyzed or partly haemolyzed blood,
a high mortality followed [51). To overcome this possible toxle effect, it would
have been much more convenient to feed the arthropods on plasma alone, Plasma
can be stored deep frozen for any length of time, and remain unchanged. However,
in feeding experiments, plasma is much inferior to whole blood probably because of
its low protein content. The tick Argas arboreus laid no eggs on plasma of heron,
chicken or rabbit, and only a few eggs on pigeon plasma [58]. Ornithodoros
tholozani produced always less eggs on plasma, as compared to whole blood,when
the following sources were compared: sheep, beef, goose and camel. However, the
number of eggs can be increaged by an addition of commercial proteins to the
plasma [Galun - unpublished].

Plasma seems also to be insufficient for the developing ticke, When nymphs of
Arpgas arboreus were fed plasma, none molted on heron, chicken or rabbit plasma,
and a small percentage molted on pigeon plasma [58]. Ornithodoros tholozant fed
on sheep plasma took longer periods to molt and an additional nymphal stage resulted,
ag compared to the development on whole sheep blood [Galun - unpublighed] .

From the review presented here, we can sse that there is a lot of gaps in our in-
formation. Nevertheless, we are well equipped with enough basic knowledge to deve-
lop artificial rearing methods which could be adapted for mass rearing.
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DISCUSSION

C.T. LEWIS: Is pore size a factor influencing the acceptability of

an artificial membrane?

Rachel GALUN: No methodical study using the same membrane

composition but changing the pore gize was carried out,
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C.F. LEWIS: If I may make a second comment, the use of a suitable
ATP-metal chelate in an artificial diet would mean that all the flies reared
would acquire a marker which could easily be identified by radioactivation
analysis. This could be ugeful in a sterile~-male-release program.

A, M, JORDAN: I would like to point out that at Langford we do not
apply only 30 Glossina to one rabbit per day, Thirty are applied to one
rabbit at one time. It is possible to apply up to 450 Glossina austeni to
one rabbit, twice a week, without adversely affecting fly performance.
After a period of one year! s use the haemoglobin levels of the rabbit blood
were slightly lowered, but not sufficiently to affect fly performance.
Although a large number of hosts would be required for the masz-rearing
of Glossina, it would hardly be necessary to mass-rear the host as welll

A, MEWS: With regard to the use of thin synthetic membranes, both
Mr. Langley at Bristol and I myself have found that the conditions under
such membranes greatly affect the engorgement response. When the
feeding medium is soaked in an absorbent material, and the membrane
placed on top, the flies engorge much more readily than when there is no
such support under the membrane.

Rachel GALUN: I suppose that the cotton wool prevenis settling of the
red blood cells, and thus improves contact between the haustellum and the
stimulatory fraction.

A. MEWS: Further to this, we have found that ATP is rapidly broken
down to ADF and AMP,

The ATP in the saliva is specific and does not break down either GTP
or UTP. Neither of these two subsiances is stimulatory in vivo.

The AMP formed does not appear to be in the cyclic form, nor is
cyclic AMP stimulatory in vivo,

Do you think it possible that the saliva of the fly may play at least a
mediating role in the process by which ATP stimulates the fly to engorge?

Rachel GALUN: Since it is recorded in the literature that both tsetse
flies and mosquiices can gorge successfully after cutting of their salivary
duct, Itend to believe that saliva does not play a role in phagostimulation.

D.W. WALKER: What, in your opinion, are the specific physical
properties that are important in selecting membranes for plant sap feeding
of Homoptera and Hemiptera?

Rachel GALUN: Aphids were fed very successfully on Parafilm
membrane, which apparently simulates the leaves. [ agsume that this
membrane would be suiiable for Hemiptera and Homoptera. However, the
physical factors which make it a good membrane have never been studied.

P. MACHILI: One of the obvious differences between the artificial
feeding system and the natural one is that whereas the artificial system is
static, the naiural one is dynamic, The presence of pressure in the natural
sysiem probably has a considerable effect both on the feeding mechanism
of the insect (for example, its rate of feeding and quantity of blood imbibed)
and alse on the texture of the membrane, The presence of pressure in the
fiuid would streich the membrane, thereby making it easier for the
proboscis to penetrate it,

I wonder whether congideration has been given to the possibility of
installing in the blood-filled membrane containers some sort of mechanism,
a micropropeller for example, which would act like a heart and generate
the necessary pressure.

Rachel GALUN: Experiments were conducted in which the blood offered was
under pressure, buithisdid not appear to inerease the efficiency of feeding,
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MAINTENANCE OF Glossina morsitans WESTWOOD FED THROUGH AN ARTIFICIAL MEMBRANE ON
DEFIBRINATED BLOOD.

The petformance of nearly 300 Glossina motsitans fernales, when fed through an agar membrane on
defibrinated biood, was determined by means of techniques developed at this laboratory, Ten females were
kept per cage and records ware kept of mortality and the weights of the pupae produced. A total of 170 females
wete fed on rabbits” ears to act as a contiol group. B%.5k of the membrane~fad females were alive after
7% days compated with 64, %% in the rabbit-fed controls, The longevity of the latter group was, however,
advarsely affected by the poor condition of the rabbits, The productivity (m,) figures Indicated that over
90% of the membrane-fed females produced a pupa in the firt three reproductive cycles, but thereafter
productivity fell sharply. This was in part due to a lowered mean temperature of the fly-holding room
caused by a malfunctioning of a thermostat, and partly by increasing lethargy and reluctance to feed. The
mean weight of the F, pupae produced by the membrane-fed flies was 22.9 mg ot approximately 7 mg less
than the tabbit-fed contrals. Two groups of 150 ¥ females otiginating frotn the membrane~fed group were
fed on membranes and rabbits respectively, The mean weight of the F, pupae produced by the rabbit-fed
group was similar to those froim flies that had been fed throughout on rabbits, while the weight of the Fy
pupae from the membrane-fed group was similar to the F, pupae from membtane-fed flies. In another
experiment using G, austeni, in which the flies were caged individually, the membrane-fed flies took
about the same weight of blood per meal but fed less often than the rabbit-fed controls. The results indicate
that if the productivity of the membrane-fed flies could be sustained, a regime might be established where
alternate generations of flies were maintained on membranes and rabbits respectively. This would reduce
thie number of live animals that needed to be kept as hosts.

INTRODUCTION

The ability to rear {setse flies (Glossina spp. ) efficiently without the use
of live animals would eliminate many of the problems associated with the
mass rearing of the fly for the sterile-insect method of conirol,

There were a number of early &ttempts to feed tasetge fliea through
membranes, including that by Roubaud [1], whe fed G. morsitans Westwood
through a chamois skin, More recently, G. morsitans and G. pallidipes
Westwood were fed through a variety of natural and artificial membranes,
on blood from different anirmals that had either been defibrinated or treated
with ethylene diamine tetra acetate salt (EDTA) or heparin [2-4], Fibrin
membranes [ 5] have also been used by Azevedo et al, [6], The use ofan
artificial membrane made from agar-agar was first described by Langley
and Maly [ 7],

The purpose of the main experiment described in this paper was, using
techniques described previously [7], 1o determine the performance of
@, morsitans when reared on an artificial membrane., To isclate some of

283
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TABLE I. SUMMARY OF DATA FROM EACH CAGE OF Q. morsitans
REARED ON AGAR MEMBRANES

Age of N?.. of Ne. of Now of pupae Bre.ak-e:en Mean weight of
Cage No. cage ong.mal ﬂ‘les deposited point pupae (mg)
(days) flies alive {days} +2x SE
1 83 10 7 46 35 23.4:0.8
2 82 8 8 47 32 26.6+0,8
3 a2 1 9 51 38 23.4+0.8
4 82 10 k] 55 81 22.2+0.8
& g2 10 9 a5 38 22.9:0.7
-] 81 10 8 45 37 23.5 1.0
7 81 10 9 59 33 23.0 40,8
8 ki) 10 8 59 33 22.9 + 0.8
2 78 10 9 a0 a2 32,4410,0
by 79 10 2 62 a5 22,6 0,7
11 79 10 9 53 32 21.8+0.8
12 T8 10 10 50 34 22,5 £0.7
13 78 10 ] 41 48 20,7:0,9
14 T 10 8 653 33 22,1:0,9
15 iiki 10 8 47 24 23.1:0.8
16 76 8 ki 32 it 24.7T 2 1.0
1T 16 9 5 a9 38 23.6+1.2
18 T8 10 19 a5 4] 23,621,131
19 15 10 7 42 36 22.310,8
20 T4 10 8 57 20 23.7+0,9
21 74 10 9 45 35 22,1+£0.9
22 T4 10 g 43 ag 23.2+0.9
28 T4 13 11 51 42 22,.5:0.9
24 72 10 § 40 34 23.6+0.9
25 2 10 8 40 38 28,4 40,8
26 3 10 7 38 48 * 2z.8:0.9
27 73 10 10 39 43 21.6 0,9
28 72 10 4 41 41 22.8:0,8
29 T2 10 10 ' 47 88 2%,0:0.8
Total: - 288 244 1362 - -
Mean; 77.0 10 8.4 47.0 26,5 22,9:0,2

& Break=aven point = number of days for each cage to preduce a tnean of 2 pupae per female,
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the factors responsible for the differences in performance of G. austeni
Newstead when reared on an agar membrane or on rabbits' ears, a second
experiment was run in which these flieg were kept individually.

MATERIALS AND METHODS

Group rearing of G, morgitang

Normally, 10 female G, morsitans were kept per cage, although some
variations did occur (see Table I). The fly cages were made from pelyvinyl
chloride {PVC) tubing 12,5 ¢m in diameter, This was cut into 4, 5-cm
lengths and then immersed in boiling water and compressed inte & 16 X 8 cm
oval shape. A 3-cm-diam, hole was cut in one end., The cpen sides of
the cage were covered with black Terylene netting which was secured with
PVC giue. The flies were added to, or removed from, the cage via the
hole at one end which was closed with a cork. The flies were handled by
cooling with a siream of air at 3 - 5°C in a specially designed cold box.

The 10 females in each cage were mated 'en masse' at 2 - 4 days old by
adding 12 males at least one week old, All but two males were removed from
the cage approximately 3 days later. The two males were left o ensure
complete mating, The flies were kept at 25 £1,5°C and 65 £10% relative
humidity, The temperature fluctuation may have been greater than 1.5 degC
during the last month of the experiment owing to a malfunctioning of a
thermostat,

In the membrane-~fed group 288 flies were fed on defibrinated bovine
blood collected ageptically twice weekly. A pad of cotion wool was placed
in the bottom of a sterilized 15 cm X 20 em porcelain or glass dish and
gsoaked in approximately 40 ml blood. A 2-mm-thick layer of 3% agar-agar
in sterile physiological saline, strengthened with coarse black Terylene
netting was placed cver the bleod-gaturated cotion wool ['7], The dish
was placed in a waterbath at 40 £ 0. 25°C, The flies were offered food for
10 min daily except Sundays, The cages were fed in numerical order
starting with Cage 1, The welghis of the pupae deposited and the post-
mortem details of any fly that died were recorded each day,

In the rabbit-fed group, 170 females were held in similar cages which
were strapped to the ears of lop-eared rabbits daily, except Sundays [8).
The mean weight of the pupae from the rabbit-fed group was determined
by weighing 100 pupae selected at random. This was to ensure that they
were of gimilar weight to those pupae from previous experiments with
G. morsitans fed on rabbits' ears {Mews, in preparation).

Individual rearing of G, austeni

In the individual fly experiment, using G, austeni, the flies were kept
in gmall round cages 6 cm in diameter and 3 cm deep made from the same
material and in the same way ag the larger cages, Each cage waa weighed
before the fly was offered food on the membrane or rabbit's ear, and if
it fed, it was re-weighed 15 min after feeding. This time was chosen to
allow the moisture absorbed into the netting from the agar membrane to
evaporaie, The flies were offered food in exactly the same way as in
the ¢ther experiment,
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TABLE II, MEAN PUPAL WEIGHT OF SUCCESSIVE BATCHES OF
10 PUPAE PRODUCED BY EACH CAGE OF FEMALES SHOWN
IN TABLE I (29 CAGES) (G. morsitans)

Pupae deposited ::’m 1121‘2::: M(ia; :;ght (mg)
1-10 200 23,2 +0,4
11-20 290 28.1+0.4
21-30 290 22.6+0.4
31-40 273 2.8 £0.4
41-80 164 22,9 0.6
51-60 53 25.% 4 1.8
81-70 g 298 -

TABLE III. MEAN PUPAL WEIGHT OF SUCCESSIVE BATCHES QOF
10 PUPAE PRODUCED BY F; FLIES FED ON MEMBRANES AND
RABBITS (G, morsitans)

No, pupae Mean weight {(mg)
d
Pupae depostted considered +2 x SE
Membtane-fed
1-10 118 22,0:0,5
11-20 T4 22.4 0.6
21-30 14 23,6 41,1
averall 208 22,2 £0.4
Rabbit-fed
1-10 144 28.3 +0.6
11-2¢ 100 30.2 +0.6
21-30 28 31.9 0.9
overall 270 29.4 0,4
RESULTS N

Table I gives a summary of the data recorded from each cage in the
membrane-fed G. morsitans test. The mean weight of the F; pupae was
gome 7 -8 mg less than the mean weight of 30,5 0,7 mg (2 X SE) of the
rabbit-fed controls. To determine whether the mean weight of successively
deposited pupae tended {o increase as is the case of the first 4 - 5 pupae
from G. austeni [9] and G. morsitans (Mews, in preparation) females fed
on rabbits' ears, the mean weight of successive batches of 10 pupae
produced per cage of membrane-fed flies was calculated, Table If gshows
that there was no significant difference in the weight of pupae deposgited
early or late in the reproductive period,
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FIG.1. Graph showing the probability of a female G. morgitans fly during successive $-day periods of
{2) being alive (1 curves) and (b) depositing a female pups {assuming a 1: 1 sex ratio} (my curves),

To determine whether the lowering of the mean pupal weight affected
the performance of the emerging flies, two groups of 150 ¥; females
emerging from pupae deposited by the membrane-fed flies referred to
abhove were fed on membranes and rabbits respectively. The results to
date are given in Table I, While the mean weight of the first 206 F, pupae
deposited by the membrane-fed F; group was only slighily lower than that
of those deposited by the membrane-fed parental flies, the mean weight
of those produced by the rabbit-fed ) flies was similar to that of the conirol
group, which was continucusly fed on rabbits,

Apge-gpecific fecundity

The number of pupae produced by each cage of G, morsitans ig given
in Table I, The productivity or age-specific fecundity {m,) [10] was
measured in 9-day age groups and may be defined as the probability that
a female fly will deposit a female pupa in any 9-day period. This method
agsumes an equal sex distribution of the emerging flies. A 9-day period was
chosen because, although it is slightly less than the interlarval period
for G, morsifang at 25°C, il is convenient for subsequent calculations and
comparison with previously published work [11],

The m, graph for the first eight age groups (72 days) is given in Fig. 1,
The resulis of the first five age groups in both membrane~ and rabhbit-fed
flies indicated that in the first three reproductive cycles the majority of the
flies produced a pupa. Thereafier the productivity, particularly of the
membrane~fed group, fell off rapidly, The possible causes for this are
discussed later,
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FIG.2. Compatison between membrane= and tabbit-fed G. austeni reared individually, The histograms
show the retationship in G. austeni between the weight of blood ingested during each interlarval period and
the weight of the pupae produced at the end of that interlarval peried. The numbers at the base of cach
histogram indicate the interlarval perfod, and those at the top of each histogram the tumbet of bloed meals
taken during that interlarval period, The totsl height of each histogram indicates the total amount of bloed
ingested during the interlarval perfod; and the shaded portion, weight of the pupa deposited, Because of the
long périod befote the deposition of the st pupa, the weight of blood ingested up to the deposition of the lst
pupa, and the weight of the 1st pupa, have not been inclnded. (The membrane-fed fly M; died after
depositing 2 pupae and the results were not included).

Longevity

The longevity or probability that a female fly will be alive (1) was
calculated from the number of flies alive at the mid-point of each 9-day
age group, The results for both membrine- and rabbit-fed groups is
plotted graphically in Fig, I,

Individual rearing of G. zusteni

The results of the individual rearing experiment are given here because,
although G, austeni was used, they dive a pogsible explanation for the
decreaged weight of pupae deposited by membrane-fed G. morsitans in
the group-fed experiment. The results for the two groups of five G. ausieni
flies which were caged individually and fed on membranes and rabbits
respectively are given in Table IV and Fig. 2, The membrane-fed group
tended to take glightly larger blood meals, but, except for the period up
to the deposition of the 1st pupa, this was more than offset by the fact that
they fed less often than the rabbit-fed group. For the pericd up to the
deposition of the 1st pupa, the mean amount of blood ingested and the mean
weight of the pupa produced at the end of the period was respectively 158, 2 mg
and 20, 8 mg for the membrane-fed and 192, 3 mg and 22,5 mg for the
rabbit-fed group.
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While it may appear from Fig. 2, particularly in the case of the
membrane-fed flies, that there was a relationship between the total amount
of bleod ingested during each interlarval period and the weight of the pupa
produced, there was no statistical correlation between the two Tactors as
found by Boyle [12], This was probably due to the small sample size and
the biological variation involved,

DISCUSSION

The longevity of the rabbit-fed G. morsitans over the first 72 days was
poor when compared with that of G, esusteni reared in a similar manner by
others [11}, or by Mews (in preparation) in previous experiments, This
was probably due to the overusge and poor health of the rabbits., On the other
hand, the lengevity of the membrane-fed G. morsitans group over the first
72 days wasg better than that obtained by Jordan and Curtis [11] with
G. austeni reared on rabbits., It indlcates that the G, morsitans flies were
receiving enough nutriment from the defibrinated blood for their basic meta-
bolism to survive well during the period considered,

In other experiments considerable mortality often occurred in a single
cage or group of cages and was always associated with a blackened, distended
abdomen at post-mortem, The reason for this sudden mortality is being
investigated, but it is thought to be due to bacterial contamination of the
membrane or blood. The rigorous aseptic precautions that were taken in
the present experiment may have prevented the occurrence of this problem,
although in one of the cages of 1 membrane-fed fliee considerable mortality
from thig cause did occur within a period of 48 hours.

There are considerable difficulties in ascertaining the cauge of the
smaller mean pupal weight of the membrane-fed flies, The resultg of
the individual fly experiment using G. augteni indicated that they fed less
often than the rabbit-fed controls, It would seem more likely, therefore,
that the lowering of the F] pupal weight was due rather to the lowering of the
total weight of blood ingested than any basic deficiency in the defibrinated
blood., Possible causes of the smaller amount of blood ingested are the
relative unattractiveness of the agar membrane (see below) or a lowered
rate of digestion of the defibrinated blood in the membrane-fed flies. It
was sometimes noted that there appeared to be more undigested blood showing
in the abdomen of the membrane-fed flies 24 hours after feeding than those
fed on rabbits, However, no differenceg in the protease activity or rate
of digestion could be detected between membrane- and rabbit-fed flies when
the techniques described by Langley [13, 14] were used,

The productivity {my) graph for both membrane- and rabbit-fed
G, morgitans females indicated that over the first three reproductive cycles
the majority of the flies produced & pupa, and the figures are comparable
with those of G, austeni over a similar period [11]. Over the last month of
the experiment the temperature of the fly-holding room sometimes fell
at night to ag low as 21°C, owing to the malfunctioning of a thermostat,
Thus, although part of the fall in productivity in both rabbit- and membrane-
fed groups was associated with this cause, the productivity of the membrane-
fed group fell faster than that of the flies fed on rabbits, and occurred at the same
time as an increasing lethargy and reluctance to feed of the flies. The
reasons for this are being investigated.
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Attractiveness of the membrane

A variety of stimuli are involved in both the long- and short-range
location of a host by the tseise fly, However, these are greatly modified
in the iaboratory; for instance, when a live animal was placed in a cage
of tsetse flies, few found the animal and fed [15]. Dethier [18] was unable
to elicit any probing response of laboratory-reared tsetse flieg to human
and guinea-pig odours, However, buiyric and valeric acid vapours have
been ghown to attract tsetse flies [17].

Gatehouse [18, 18] has done an elaborate series of tests with another
blood-sucking dipteran, Stomoxys calcitrans L, He found that fresh bilcod,
sweat and air drawn over a human subject's arm failed to induce probing,
although a rapid increase in relative humidity combined with temperatures
approximating to that of human skin did elicit a probing response, particularly
when combined with a high concentration of ammeonia.

In experiments still in progress, the agar membrane produced a higher
probing response than certain inert membranes tested, and this may have
been due, at least in part, to the high relative humidity just above the
agar membrane, However, the fact that the agar membrane-fed flies
did not feed so often as the rabbit-fed ones {Table IV) indicates that this
membrane was not as attractive as a rabbit's ear. When a cage of flies
that had been offered food on the membrane was then placed on a rabbit's ear,
gome of those which had refused to attempt to feed on the membrane, fed
on the rabbit's ear, The reverse did not hold true, however, and flies
that would not feed on the rabbit's ear could not be induced to feed on the
membrane.

Stirnulus to engorge

Both physical and chemical stimuli are probably involved in stimulating
the fly that has probed to engorge, Langley and Maly [ 7] thought that one
of the reasons for the success of the agar membrane was that iis thickness
made it necessary for the fly to insert the haustellum up to the bulbous base
of the theca, a characteristic of the behaviour of flies feeding in nature.

One of the drawbacks of the agar membrane is that it deteriorates after
a few hours of use, and while at first the majority of the flies that probed
fed rapidly, it was noted that after some time an increasing proportion probed
many times before being ableto feed. The membrane was, for this reason,
not used for more than about 2 - 3 hours.

Once the proboscis has piercedithe membrane, the provision of a coiton
wool pad to absorb the blood prevents the immediate dispersion of the
galiva injected by the fiy [7]. This may be the reason for an improvement
in the number of flies feeding on an inert membrane when the blood was
either soaked in cotion wool or gauze, or the depth of the blood pool was
small, as opposed to when a deeper blood pool was provided,

Galun and Margalit [20] found that the presence of ATP was necessary
for the engorgement of G. austeni, and it has been suggesied that the
haemolysis of some of the red blood cells due to contact with the agar
membrane even when made with physiclogical saline, released the ATP
from the cells and thig helped to stimulate the flies to feed (Langley, personal
communication, 1969).
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The results described in this paper indicate that there are a number
of problems still to be overcome before a self-supporting colony of tsetse
flies can be efficiently reared by feeding through artificial membranes on
defibrinated blood. However, if the productivity of the older flies could
be improved, a regime might be established in which alternate generations
of fliea were reared with membrane techniques and live animals, This
would reduce the number of live animals that would have to be kept as hosts,

Current research

There are anumber of problems associated with the use of freshly collected
defibrinated bloed, and the Seibersdorf Laboratory of the IAEA is investigating
the uge of freeze-dried blood as a substitute, Preliminaryresults areenc ourag-
ing, Ifthiztechnique canbe successiully developedit has a number of distinet
advantages over freshly collected defibrinated blood:

(i) Large amounts of bloed may be processed at any one time and then

stored indefinitely without deterioration;

(ii) A sample may be tested for bacterial contamination and nutritive
quality before the batch is releaged for use;

(iii) The necessity of keeping large numbers of cattle for regular bleeding
would be eliminated, The cattle may be brought in as required, bled
and then dressed for human consumption, This may be done at a
point remeote from the mass-rearing laboratory, and the blood
shipped in amounts sufficient to last any period of time.

The developmen? and testing of membranes is continuing, One of the
main problems associated with any membrane uged so far is the lack of
attractiveness of the membrane, Studies of the factors involved in the
attraction to the membrane and feeding behaviour of G. morsgitans are
proceeding; in these studies use is made of an electronic recording device
based on the technique devised by Kashin and Wakeley [ 21],

Techniques for mass-rearing and sterilizing the fly for the sterile-insect
release method are being investigated.
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DISCUSSION

J. ITARD: During artificial feeding of tsetse flies use has to be made
of blood to which an anticoagulant has been added or which has been
defibrinated, Is there not a danger that the use of blood which cannot
coagulate might upset the metabolism of the fly?

A.R, MEWS: The best performance of flies fed on blood through a
membrane has been obtained using defibrinated biood. Blood which has
been prevented from clotting by the addition of anticoagulants has not
proved so successgful, Citrated bloed severely upsets the metabolism of
the fly. It is not known whether the poor performeance of flies fed on
defibrinated blood through a membrane is due {o the fact that the blood
cannot clot normally. We have so far been unable to detect any differences
in the rate of digestion between membrane-fed and rabbit-fed flies.

J. ITARD: Has Mr. Mews considered the use of an artificial heart for
the artificial feeding of the flies?

A.R, MEWS: No, Ihadn't considered this interesting suggestion,
although, so far as I am aware, anticoagulants are added to the blood to
prevert clotting when artificial hearts are used,

Rachel GALUN: I agree with Mr, Itard that membrane feeding is not
identical with feeding on the host. Primary excretion in tseise flies is
delayed when they are fed on a membrane, Mosquitoes lay eggs one day
later when fed on a membrane than when fed on a host, However, we do
not know whether or not these phenomena are due to defibrination of the
blood,
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Abstract

INVESTIGATIONS WITH A VIEW TO MASS REARING OF Sparganothis pilleriana SCHIFFERMULLER FOR
GENETIC CONTROL.

Sparganothis pillerfana Schiffermiilter (Lepidoptera: tortricidae) appears every year in certain localized
areas of the wine-growing regions of Lower Austria and Burgenland, causing great damage through larvae
feeding on buds and Ieaves of vine, It develops only one genesration per year all over the wine-growing area
of Austria, The control of larvae by chemical methods has not been passible because no known pesticides
achieve the desired effect. Therefore investigations were started to study nsing the gepetic control technique,
since the localized distrfbution of this grape~-moth, its comparatively short flying period of about 8 weeks,
and the fact that the females mate only once, greatly favour the sterile-male method of genetie control,

It was first necessary to overcome the difficulties of rearing the species under Jaboratory conditions. A method
had to be found to breed larvae on secondary host plants (Vicia sativa, Viela faba) as well as on arificial

diet (Montfaver-recipe). In these feeding tests it was shown that the weight of pupae descending from larvae
feeding on this artificial diet is highes than from pupae reared on secondary or natural host plants (vine-leaves).
Some differences were found in mating behaviour between moths reared on varlous diets. Comparing egg
production in different breeding methods the highest number of eggs per female was found in females developed
an artificial dler. Severa) investigarions were carried out with the aim of advancing from rearing of individual
larvae to mnass rearing, and it should be possible to develop 2 promising mass-rearing methad in the near
future,

INTRODUCTION

In Austria, Sparganothis pilleriana Schiffermiilier is one of the most
important pests in viticulture. It occurs only, however, in certain paris
of the wine-growing areas of Lower Austria and Burgenland {1]. Within
these areas it is found conly in restricted parts where it favours the low-
culture system (vine culfure on props}. In vineyards with the high-culiure
system (vine culture on trellises) it is extremely rare [2].

The pest can be found on many other plant species, but never to a great
extent; the grape-vine is cléarly the favoured host [31.

The larvae cause the damage on “the vine mostly by feeding on the tips
of the shoots, thus damaging the growing points, but they feed on leaves
as well. Feeding damage was rarely observed on inflorescences,

Depending on the weather, the flying time of the moth falls between
the beginning and middle of July and lasis hardly longer than 3 weeks.,
During this period, ithe females lay egge in clusters on the leaves in an
averazge number of 150-250, Before starting to feed, the larvae, hatching
after one week, move immediately to the parts of the vine close to the
ground and preduce the cocoons under the bark of the 2-year-old vine
branches, In these cocoons they spend the rest of the warm season and
the winter up to the middle or end of December in 'eudiapause', followed
by quiescence until the start of feeding, At the end of April, they leave the

285
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cocoons and move to the unfolding buds, where they start to feed, At first,
two or three larvae feed on one growing tip. Later, they develop a pra-
nounced territorial behaviour which leads to a stage where only one larva

is found on each tip [4]. The growing tips become wrapped up with wehs,
and feeding commences in the centre of the web. As the vine branches
grow, the larvae move further up. The webs produced by the larvae out-
line their feeding territory and are fiercely defended against intra- or
interspecific intruders. Investigations proved that this ferritorial behaviour
leads to an even distribution of the larvae in their habitat.

CONTROL

Conventional chemical control

Spraying at budding tirne. Preparations of the type 'Oleoparathiont used
immediately before, or at the time of, budding, are partly successful against
the larvae that survive the winter. Complete control, however, is not
possible by this method.

Summer treatments. Sprayings with Parathion after budding — about
the middle of May — are effective only against the larval stages 1 - 3. The
stages 4 - 6 are not contreolled effectively enough, and in spite of these

efforts damage to the vine can always be aobserved,
INVESTIGATIONS AIMED AT USING THE AUTOCIDAL METHOD IN
AUSTRIA

So far, no tests have been carried out to sterilize males of S, pilleriana,
However, important preliminary work has been doune,

Investigations into diapause

Mass-rearing the pest under laboratory conditions all the year round
is an important prerequisite with the autocidal technique., At first, the
feudiapause! of 8. pilleriana was an obstacle to mass rearing., An effort
was made to break up the univoltinity {one generation per year), i.e. to
shorien the diapausal development time as far as possible, in order to
achieve a more frequent succession of generations, Numerous tests, in
which the larvae were exposed to different light treatments, failed to change
the univaltinity., But we were able to shorten the diapausal development
time considerably by using temperatures between 6 and 8°C, and an optimal
succession of generations was obtained by this method.

Figure 1 shows that the optimal reduction of the diapausal development
can be cbtained at a temperature between 6 and 8°C during a treatment
time of 65 to 70 days, counting from the commencemeni of treating freshly
hatched larvae. From this moment on, all young larvae are able to
commence post-embryonic development, if temperatures above the
developmental minimum of 13°C are used [5]. If the hatched larvae are
kept at temperatures below this limiting value, they remain inactive; they
are in quiescence, however, and not in diapause any longer. By this
technique, large quantities of young larvae can be stored for quite long
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Curve A: Time between end of storage and start of feeding, in relation to storage time.
Curve B: Total storage time plus time between end of storage time and start of feeding, in relation to
storage time.

periods. At a given time it is possible to trigger off further development
by raising the temperature, Tests showed that this method allows larvae
to be stored for up to a year without appreciable mortality. Such stored
larvae mostly start developing immediately after a rise in temperature,

Copulation behaviour

In laboratory and field observations it was noted that the mating of
5. pilleriana is induced by certain light intensities. In the field, the copu-
lation takes place at the beginning of the astronomical dawn, i.e. when the
sun is 18°below the horizon, This pbservation was tested by simulating
this condition in the laboratory [6]:

Males mate several times, but females only once. Egg laying takes
place in the night following the mating.

INVESTIGATIONS INTO BREEDING IN THE LABORATORY

Lahoratory breeding by rearing the larva individually on Vieia sativa

Vicia sativa was selected from ihe great number of potential hosts
because it could be cultivated all the year round. At the appropriate
feeding tests, the larvae were kept individually in small polystyrene
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TABLE L. CONSTITUTION OF ARTIFICIAL DIET {(Montfavet-recipe)

Water 170 m?
Agar i-5g
Wheat germs I1g
Maize semolina 11g
Powdered Vicia faba Il1g
‘Yeast l1g
Aseorbic acid lg
Maize oil 0.4ml
Nipagin 6,35 g
Benzofe acid 0,35 g
Auweomycin & mg

vessels (125 ml}, and the food was changed every second day. As these
tests showed, Vicia sativa is well suited for the individual rearing of
larvae. Bacterial or fungal diseases occurring from time to time were
generally stopped guickly by using 'Dimanin®,

Rearing of larvae on Vicia sativa under greenhouse conditions

Tests carried out ie rear the larvae on Vicia sativa under greenhouse
conditions had no satisfactory results. The breeding always failed becanse
of the wealkness of the host plants, Soon after the plants were inhabited
by the larvae they had to be replaced by new plants, because they were so
badly covered with webs and damaged. Under these circumstances, a
rational rearing of larvae was noi possible,

Rearing of larvae on Vicia faba under greenhouse conditions

Plants of Vicia faba, as an alternative to Vicia sativa, were well
suited for rearing 5. pilleriana in the greenhouse. Vicjs faba, which is a
more robust plant than Vicia sativa, did not need to be replaced until the
development of the larvae.

At the start of the pupal stage, nearly all the pupae could be collected
with strips of corrugated cardboard placed between the plants.

We were able to get relatively large numbers of pupae in g very small
greenhouse space by using Vicia faba, A total of 20 to 25 larvae per flower
pot could be reared on 10 to 15 plants up to the pupal stage. This method
yields 400 to 500 pupae/m?2,

The vitalily of the larvae reared in this way is as good as that observed
in the field; the coepulation was normal,

Rearing of larvae on artificial diet

Individual rearing

Tests were carried out to rear S, pilleriana to the imaginal stage on
an artificial diet. We employed the diet that had been successfully used on
different Lepidoptera by the Moatfavet INRA zoological station. Its
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composition is given in Table I. The original recipe has heen changed

only by adding dried and powdered Vicia faba leaves and stems. The larvae
reared on this diet in small polystyrene vessels (125 ml) developed

without significant logses. The average weight of the pupae found was
higher than from pupae reared on Vicia sativa and Vicia faba, and even
higher than from pupae developed in vineyards. Tests are being carried
out replacing the agar by paper pulp; preliminary tests gave satisfactory
resulis.

Collective rearing

Satisfactory breéding results from individual rearings on zrtificial
diet encouraged us to carry out preparatory tésts for mass breeding.

Ag difficulties were to be expected by the proncunced territorial behaviour
of larvae, different methods were tested to separate the individunals,
Polystyrene dishes (1530 mm X 180 mm X 30 mm) and polystyrene buckets
(1000 ml) were used as containers,

At first, strips of corrugated cardboard were used to separate the
individuals and to provide one tunnel for each, It was noieéd, however,
that the corrugated cardbeard cover led to heavy fungus infestation of the
artificial diet. This happened even when the cardboard was replaced by
corrugated plastic lined with oiled paper. Good resulis could be obtained
by using 'Perlite!, Fungus infections occurred rarely, and the larvae
were able to produce proper webs on the granulated substance, where they
can live isolated in spite of a great population density.

Tests carried out recently showed that the larvae can also be reared
without using different materials for separating the individuals. This
seems to make mass breeding possible. Apparently abundance in food
supply can suppress the territorial behaviour of the caterpillars.

COMPARISON OF THE PUPAL WEIGHT FROM DIFFERENT REARING
TECHNIQUES

Relatively different values of pupal weight from the various rearing
methods were noted (Table II}, The weight was highest in larvae reared
individually on artificial diet. Very favourable results were noted from
collective rearing on Vicia faba in the greenhouse, Very similar pupal
weights were found on pupae developed in vineyards or in pupae reared
individually on Vicia sativa.

Although there was a very high average pupal weight from individual
rearings on artificial diet, this led to copulation difficulties and to a
changed mating behaviour. Quiie often, morphological defects, e.g. de-
formed wings or twisted or shortened antennae, were obzerved. Moths
from pupae with normal weight, however, showed normal reactions in their
adult behaviour and did not display any morphological aberrations. The
diet used for rearing the larvae individually is probably too rich, and
therefore we are confronted with an effect of Toverieeding'.

In our collective rearings, this phenomenon has not been observed.
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FERTILITY OF FEMALES FROM DIFFERENT REARING TECHNIQUES

There are significant differences in the number of eggs and the per-
centage of viable larvae hatched from the different rearing techniques
{Table IIT). As can be seen, on average essentially more eggs were laid
in individual rearings on artificial diet, but the percentage of hatched
viable larvae was remarkably smaller as compared with larvae reared
on Vicia faba in the greenhouse. In practice, preference will be given for
ecenomic reasons to the rearing on artificial diet, in spite of a probably
smaller number of young larvae. The breeding cn secondary hosts would
have the advantage of supplying imagines of beiter quality, but intensive
mass breeding with this method is not feasible because of the inferior use
of space. Certainly it will be poesible to improve considerably the collective
breeding on artificial diet, since the investigations carried out so far
represeni preliminary tests only.

DISCUSSION

The genetical control] of 5. pilleriana would be a great boon to Austrian
viticulture. The well-defined isclated habitat of the pest would undoubtedly
make for effectiveness in the use of this technique. The relatively low
population dengity caused by the territorial behavicur of the larvae would
also help towards success. The fact that there are a large number of
potential hosts may cause some problems. That the female mates only
once is an advantage, but this is not always a prerequisite for successful
application of this method of control. An alternative meéthod to chemical
control is needed, and success here with the sterile-release method would
encourage its use for controliling other pests,
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DISCUSSION

M.E. TZANAKAKIS: Is there an explanation for the fact that high-
culture vines are more or less free of this pest?

K. RUSS: We have evidence that 8, pilleriana infestation is greater
by a factor of five in low-culture vines than in high-culture systems, This
is also the case if the two culture systems are applied in the same area.
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We have also made investfigations which showed that egg-laying takes
place only at heights not exceeding 0.7 m. So I think that for this insect
areas close io the soil provide more favourable conditions. Its behaviour
in this respect may enable us to carry out an integrated control program
hy combining the use of a high-culiure system with other control measures.

I. A, KANSU: We have 3. pilleriana in Turkey, and have found that it
prefers dense cultures of Vitis vinifera, avelding excessive air and sun-
light, Humid weather and shade provide suitable conditions for it. 1 think
thiz may explain why the inseci is rare in high-culture systems.

T. JERMY (Chairman): Did you make estimates of the population on
other host plants, Mr. Russ?

K. RUSS: No, but in general S, pilleriana occurs very rarely on other
plants,

T. JERMY; I should also like to ask whether any data are available
on the migration of this pest.

K. RUSS: No exact data are kmown. However, observations carried
out in vineyards show that the flight range of the moth is limited,

J.G. P, PETTERSON: Have you made any investigations on the
possible cccurrence of pheromones or sex attractants, for example of the
aphrodisiac {ype? ¥From the description you gave of the behaviour of the
insects the existence of something of this nature seems probable,

K. RUSS: We ourselves have not done so, but I know that investigations
on thls aspect are being carried out at the Weinbauinstitut (Institute of
Viticulture) in Freiburg, Federal Republic of Germany, by Dr. Gditz and
his co-workers.
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Abstract

GENETIC CONTROL EXPERIMENTS ON THE BEAN WEEVIL, Acanthoscelides obtectus SAY.

Papers dealing with experiments on the genetic control of the bean weevil are reviewed, including
work on tass rearing, radiation sterilization, population estirnation, and competitiveness of sterilized
males, Some aspects of the biology of the pest relevant to the use of the genetic control method ate also
discussed. No field experiments have so far been carded out; however, the data available indicate that
the bean weevil is a very good candidate for control by the sterile-release technique in the field, at least
in temperate raglone,

INTRODUCTION

When comparing the dramatic and centinuing increase in published work
on the sterile-release technique to the number of agriculfuratl pests which
are already controlled in practice by this method, one has to conclude that
after the very encouraging initial practical successes achieved by American
entomologists in the 19508 and early 1960s, the more recent achievements
in practical control bear no satisfactory relation to the increasing efforts
made in this work throughout the world., The causes of this slackening in
the pace of develecpment are more or less known to those engaged on
sierile-release projects, and they have been discussed at several FAOQ/IAEA
meetings, but they are much less known to the agencies and authorities who
decide on the distribution of regsearch funds. The situation is made worse
by the fact that in many cases the feasibility of the sterile-release technique
has been overemphasized by authors of popular scientific works, and
sometimes oversold by the scientists themselves,

It can be assumed that most of the scientists working in this challenging
but very difficult field have the feeling that there is an urgent need for
concentrated efforts, first, to achieve further proofs of the practicability
of genetic control, and second, to prevent all further overselling of the
results gained so far, because otherwise we could loge face both with the
fund-providing authorities and with our farmers,

With these points in mind, the aim of the present review paper is to
draw attention to an agriculiural pest, the bean weevil, which seems to be
one of the apecles suitable for providing further proof - and within a short
pericd — of the feasibility of genetic comtrol. Confidence in the outcome of
such a project is based partly on the relatively ample data available on

349
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the bioclogy of this pest, showing several characteristics favourable to
genetic control, and parily on the encouraging experimental work already
carried oui on this species,

The economic importance of the bean weevil is a further reason for iis
more intensive study. The pest attacks very valuable crops, causing
gerious damage both in warm and temperate climates, and since itis a
plant quarantine pest, difficulties are encountered in exporting attacked
products, Morecover, In many countries chemical control in the field -
where the primary infestation occurs — is hindered because the beans may
be grown as an intercrop in maize, sunflower, etc,

The following analysis is mainly valid for the téemperate regions,
gince the ecology of the pest has been most Intensively studied there,

BIOLOGICAL ASPECTS OF THE BEAN WEEVIL RELEVANT TO
GENETIC CONTROL

The bean weevil attacks virtually only the cultivated beans {Phaseolus spp.)
and the chick pea (Cicer arietinum L,) [15], So ite population dynamics in
a given area depend mainly on the presence and the intensity of cultivation
of these plants. No wild plants have been found to be attacked by the bean
weevil in Europe. Thus the formation of natural infestation sources is
excluded,

The life span of adults is in general less than 100 days [9], but can
exceptionally extend {0 140 - 180 days [12], This means that in regions
with one bean erop annuzlly, the adults cannot survive in nature from one
crop to the next, In such couniries overwintering takes place in stored
beans where the weevil breeds during the warm season. The adultg of these
generations developing in granaries, storercoms andthe pantries of homes
then migrate to the bean fields and lay their eggs in the ripening pods. Thus
the population densify of the pest can be considerably reduced before genetic
control in the field by disinfestation of the stored beans., This can be carried
out in granaries of big farms by using fumigants or other methods, but it is
very difficult to achieve the disinfestation of beans stored in the pantries
of homes which are in most cases the main sources of infestation,

When the adults migrate from the buildings to the bean fields it has
been found that they travel no further than a few kilometres [9], so the
population densily of the pest on bean fields is always higher in the vicinity
of gettlements, -

A critical point regarding the effectiveness of the release of sterile
populations to prevent field infestation is the fact that the females can mate
before migration. However, Labeyrie [ 9] reported that females which had
had no earlier opportunity of evipositing were incapable of doing s0 after
several weeks, Thus only adults emerging and mating shortly before the
onset of ripening of the bean pods can infest the crop, and it ig not necessary
to begin the release of sterile populations early in the warm season,

The number of times the insects mate is not yet clear, Szentesi's
preliminary ohservations (unpublished data) indicate the tendency to a
behavioural monogamy in females, while the males are considerably

polygamous,
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It is not known exactly how the adults feed in nature. Feeding of adults
on flowers and on bean leaves has been ohserved [ 9] but it is unlikely that
the adults released in great numbers for genetic conirel would cause notice-
able damage to the bean plants,

MASS REARING

With most agricultural insect pests the practical use of genetic control
is impeded by the lack of suitable masg-rearing methods, Thig obsgtacle
does not exist with the bean weevil, since it can be easily reared on dried
beans in the laboratory,

Authors dealing with the mags rearing of the bean weevil have naed jars
or other coniainers [13], We have found, however, that in closed containers
the infestation of grains is not homogeneous, thus the utilization of the food
iz not optimal. In bigger containers metabolic water produced by the larvae
in highly infested beans can cause the formation of mould which ig detri-
mental to the ingect, Overheating caused by metabolic heat is also danger-
ous, Therefore Szentesi [14] developed a simple mass-rearing method
using shallow trays with only one layer of beans. The eggs are distributed
evenly over the beans in suitable numbers for optimal production of adults,
The infestation of the beans is quite homogeneous., The trays are piled on
racks with 1 cm space between each to allow for ventilation, Even under
such conditions overheating of the infested beans has been found to reach
5,0-11,1 degC at a surrounding temperature of 28°C.

Before the adults begin haiching the beang are transferred to closed
sieves {¢ mm mesh) through which the adults are periodically sified into
containers for further handling.

Up to 21 500 adults (average 13 600) could be reared in 1 kg of beans,
In the best rearing series the percentage of eggs developing into adults
averaged 40,7,

Plastic screen cages were found suitable for producing a large number
of eggs of the same age with a minimum of labour, A sieve (1 mm mesh)
on the bettom of the cage provided with one layer of beans for stimulating
ovipogition enabled fast and continuous extraction of the eggs, The number
of eggs laid per female varied in these cages on average between 20,0
to 59,9 (overall average 30.0). This is a relatively high value gince egg-
production under optimal conditions averages about 50 per female, '
exceptionally above 100 [ 9, 12].

RADIATION STERILIZATION

Several authors have studied the lethal effect of ionizing radiations as
a conirol methed againgt the bean weevil in stored beans [1-5, 7, 10-12],
Ini several cases also the sterilizing doses were determined., I shall now
discuss the most imporiant results of experiments on gamma-radiation
sterilization,

Pesaon [12] found that adults treated with 10 to 18 kR were only
partially sterilized, and that 20 kR was required for complete sterility.

In his paper reviewing the results of experiments carried out in the
USSR Andreev [1] reported that young adulis of the bean weevil irradiated
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with a dose as low as 1 kR showed substantial decrease in the number of
progeny, while 6 kR was enough for complete sterilization. However, in
the opinion of Andreev and co-workers [2], based on more extended studies,
doses between 12 and 15 kR should be considered as fully sterilizing ones,

Cavalloro and Bonfanti [ 6] found sexual differences in the susceptibility
to gamma-radiation: sterilizing doses for maleg and females irradiated
4 days before the end of the pupal stage were 4 and 6 kR, respectively,
while on the day of emergence 5 and 10 kR were required,

Jermy and Nagy [ 8] observed that both sexes were sterile when
emerging from beans that had been irradiated with 10 kR at the start
of adult emergence,

These considerable differences in the sterilizing doses determined by
different authors are probably due to the different conditions of irradiation
(age of adults, temperature, ventilation, etc,) which are not always
mentioned in the publications, but they could be caused by other unimown
factors, It is therefore advigable to determine the sterilizing doses for
each genetic control project and alsc to control it from time to time during
the release programs.

COMPETITIVENESS OF STERILIZED MALES

Andreev and co-workers [ 2] studied the competitiveness of males
treated with different doses of garnma-radiation in presence and absence
of sterilized females on dried beans. There was no significant difference
between 10 and 20 kR but above that the competitiveness decreased, The
presence of sterilized females considerably lessened the impact of the
gterile population on the dynamic of the normal one, The cause of this has
not been analysed,

In laboratory experiments carried out with males emerging at 23°C
from beans irradiated with 10 kR, Jermy and Nagy [8] found full
competitiveness in males emerging on the 1st to 8th day after irradiation.
After that time, however, a sudden drop of competitiveness was ocbserved, .
indieating the noxious effect of the same dosge on the earlier ontogenetic
stages,

The best way to obtain fully competitive sterile adults for masge release
ig the irradiation of young adults on the first day after emergence,

ESTIMATION OF POPULATION

The nature of the source of infestation and the small size"of the adults
as well as the lack of a good trapping method represent great difficuities in
estimating populations in the field, The most suitable method known go
far is the release and recapture of marked adults. Szentesi {(unpublished data)
successiully used fluorescent dusts for this purpose,

OUTLCOOK ON THE EFFECTIVENESS OF RELEASING STERILE
POPULATIONS

It followa from the foregoing that irradiation can be used in principle
both to prevent further propagation of the pest in granaries by irradiating
the dried beans, andto suppress infestation by the release of sterile
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populations, The use of genetic control on beans stored in granariea has
not been proposed, and its feasibility is very gquestionable since the use

of fumigants is simpler, and requires less gophisticated organization of
control, Se the following remarks will only concern the genetic control of
field populations,

No field experiments on this pest have so far been carried out.
Andreev and co-workers [ 2] propoged using mobile gamma-sources for
irradiation of harvested beans and releasing the sterilized adulis emerging
from the irradiated product sgainst the adulis remaining in the field, The
effectiveness of thig procedure regarding the release of sterile adults is,
however, limited in many areas by the following: (a) since the optimal
gterilizing doses (not affecting competitiveness) vary considerably during
ontogenesis, and since the weevil individuals of the population present in
the harvegted beans are in different developmental stages at the time of
irradiation, invariably only a part of the population will be suitable for
releage; (b) in regions where there is only one bean crop a year the field
infestation of the next year's crop is mainly due to the adults of later
generations developing in stored beans, and the adulis sterilized at
harvest time would die before the adults infesting the next crop would
emerge and appear in the bean field,

Thue in most cages mags rearing of the pest for release programs
will be indispensable, Since mass rearing is very simple, large-scale
field experiments could be started at any time, enabling us finally to settle
the question of ‘the feagibility of the technique for this species, I am
confident that the results would be succesaful, and if other countries could
help in the project, this further evidence for the effectiveness of the
technique would be obtained more quickly., A new success, I feel, is
urgently needed.
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DISCUSSION

L.E., L.aCHANCE: Did you find any decrease in the longevity of weevils
irradiated with the fully sterilizing dose? [ ask this because in several
weevil species radiation sterilization drastically shortens the life span.

T, JERMY: We did not find any significant decrease in the longevity
of bean weevils irradiated with the fully sterilizing dose. The differences
obgerved in the radiation sensitivity of different weevils might be due,
inter alia, to the fact that some belong to the family of Curculionidae and
others to the family of Bruchidae, the latier apparently being less sensitive.
Mr, Wiendl!'s paper (IAEA-SM-138/57) gives some interesting data on the
effects of gamma radiation on Zabrotes subfagciatus {Boh, ).
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Abstract

WEAK-LINKS IN THE POPULATION DYNAMICS AND DIAPAUSE OF Heliothis zea (BODDIE} WHICEH
MIGHT BE EXPLOITED BY THE STERILE-INSECT RELEASE TECHNIQUE.

Knipling in 1984 stated that the sterile-Inseet telease methed of inseet population control *will not be
feasible for those [insects] that have a wide host range®, This limitation would appear to prohibit the use
of the sterile-male technique agzinst such important pests as H. zea, which is known to attack more than
70 plan: species. However, the present author and co-werkers have made an {ntensive study of the population
dynamiecs of H, zea which reveal certain weak-1inks in the seasonal cycle of the pest which might be ex-
ploited by the stertle-insect technique. In the present report, the author reviews the effects of season on the
population dynamics and diapause of H. zea and presents an argument that, with adequate knowledge, multi-
host insects may be as suitable — if not more suitable — candidates for control by the sterite=-insect release
technique as many single~host insecrs,

INTRODUCTION

It has been suggested that the sterile-insect release technique
for insect population suppression may not be feasible for insects that
have a wide host range [1]. However, after studying the population
dynamics of the bollworm, H. zga, an insect which has many hosts, I
have come to the opposite conclusion, Multi~host insects may be very
viulnerable to attack by the sterile-insect release technique. The
vulnerability of multi-host insects lies In the violent fluctuations
in their numbers, from very high to very low, that occur several times
each season. In contrast to many single-host specles, the increase in
numbers by multi-host insects from generation to generationm may not be
at all constant. One generation may iIncrease to great numbers while
the next wmay almost disappear. The fluctuations in numbers occur im
direct respongse to seasonal change. Therefore, with adequate knowledge
of the effects of seasonal change on the population dynamics of the
species it may prove relatively easy, at various timee of the season,
to pgreastly overflood the natural population of a multi-host pest with
releases of sterile insects.

The zea bollworm has a wide range of hosts involving more than
70 plant species [2]. This insect ranks among the most serious pests
of crops in the western hemisphere and is a major pest on cotton, corn,
soybeans, tomatoes, grain sorghum, alfalfa and many other legumes.
Even though the zea bollworm has hosts available at all times of the
year, the species maintains a very precarious balance with nature and
numbers fluctuate violently during the season.

365
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The survival of the zea bollworm as a species 1a based on two
important adaptations. The first %8 the ability of the larvae to fead
on many hosts. Thus, when a major host disappears during the seaso0m,
or is no longer favorable for feeding by the larvae, the population
switches to & wminor host. Here it survives in small numbers until a
major host again becomes available.

The second adaptation is the great inherent capacity of the spacies
for increase. Female zea moths may lay great numbers of eggs., A
maximum oviposition of 3,000 eggs by a female has been reported [2] with
the average oviposition being approximately 1,850 eggs per female [3].
This great capacity for oviposition Insures survival of at least a few
individuals when on unfavorable hosts or during unfavorable seasons. Tt
also allows for the rapid build-up of great numbers on favorable hosts
in favorable times of the season. These adaptations have provided the
mechanisms for guccess by zea as a species; but, here also may be the
weak-links which might be exploited by man to bring about their control.

In the present report, I will examine the population dynamics of
the zea bollworm and will suggest that this insect might be controlled
by the sterile insect release method. Data used to advance
this argument were collected at Texas ASM University on population
dynamics by Hemry and Adkisson [4] and on diapause by Wellso and Adkisson
[5] and Boach and Adkisson [6].

RELATION OF HOST SEQUENCE TO SEASONAL ABUNDANCE

Weekly surveys were made on the Texas ASM Univeraity Plantation in
1963 to estimate the number of zea bollworms attacking the various crops
produced [4]. The plantation is located in a fertile river valley and
has 3,182 acres planted to variocus crops (Table 1).

The zea bollworm was found to have two hosts, alfalfa and cornm,
avallable in relatively great acreages during spring emergence and
development of the first larval brood in April and May. The species
made good use of these hosts for increasing the size of the populatiom.
Great numbers of zea bollworm larvae developed on these crops during
the early spring (Figure 1}. During one period in April, there were
more than 200,000 larvae estimated to be infesting the 146 acres of
alfalfa. This was equivalent to slightly more than 1,400 larvae per
acre (Table 2). Populations of comparable size also were present in
corn in early May. On a per acre basis, the larval populatiom in corn
was estimated at 2,000 per acre. At times during this two-month period,
the combined total zea bollworm population on these two crops of the
plantation was estimated at almost 400,000 individuals.

The zea bollworm population attained maximum numbers for the season
in June. The June larvae were found mainly on corn; however, small
numbers were on cotton. The tremendous size of the population during
this period is shown by the number found in corn, which at maximum
mmbers was estimated at almost 2,000,000 individuals. This amounted
to almost 14,000 larvae per acre for the 130 acres of corh. Nearly
every corn plant was infested with at least one zea bollworm. These
larvae apparently were destined to become the mothe which would later
infeat cottom.
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TABLE 1. ACREAGES OF VARIOUS CROPS PRODUCED ON THE TEXAS
ASM TNIVERSITY PLANTATION, 1963

Acres produced Percent total
Crops in 1963 acreage
Alfalfas 146 4.6
Corn 130 A
Cotton 726 22.8
Grain sorghum 566 17.8
Pasture 760 23.9
Silage 111 3.5
Sudan 280 8.8
Qata 222 7.0
Miscellaneous
experimental crops 241 7.5
Total acreage 3,182 100.0
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FIG.1, Estimated numbers of zea bollworm larvae found on the total acrezge of alfalfa, com and cotton
of the Texas A &M Univerity Plantation, 1963,
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TABLE 2. ESTIMATED NUMBERS OF ZEA BOLLWORM LARVAE PER ACRE
ON VARIOUS CROPS OF THE UNIVERSITY PLANTATION, 1963 [4].

Cotton
Date Alfalfa Corn Dryland Irrigated
—————————— Numbers of larvae = « = — = — = — « - -
April 2 0 0 o] 0
) 1452 284 o V]
22 0 726 ¢] 0
29 0 2134 #] 0
May 6 Q 2222 ] 0
11 0 1826 0 0
25 0 968 0 g
June 1 0 880 0 0
6 0 8404 27 0
13 0 14220 43 45
18 4] 5412 117 0
27 4} 0 137 39
July 3 54 0 896 348
g 2292 0 1037 927
16 313 4] 592 2881
24 0 0 259 1532
Aug. 2 0 0 0 126
8 0 ] 37 479
16 [¢] O 0 252
22 0 0 4] 0
28 0 0 0 4]
Sept. 10 Q 0 0 0
22 0 0 4] D
28 6562 0 o] [H
Oct, 5 5000 ¢ [¢] o
12 2560 Q 0 0
19 0 a 4] 4]

Corn was harvested in late June; cotton then became the most severe-
ly infested crop. As indicated in Figure 1, the earlier larval popu-
lation of the plantation before this time had achieved great numbers.

The resulting moths apparemtly centered their activities on cgtton.

The cotton acreage never was infested with as many larvae as corn.
There were approximately 5.6 times more acres of cotton than corn on
the plantation, but the peak zea bollworm population in cotton was anly
about half that of corm (Table 2). Apparently there are at least two
reasons for this: (1) The cotton was being treated at regular Inter-
vale with insecticides primarily for controlling the zea bollworm and
(2) cotton may be a less satisfactory host for the pest than corn. Peak
larval numbers during July on irrigated cotton were estimated at 2,881
larvae per acre. On the combined frrigated and dryland cotton acreage,
the zea bollworm population at maximm numbers in mid-July was estimated
at approximately 1,000,000 indiwviduals., In late July and August, zea
bollworm populations in irrigated cotton were comsiderably greater than



FAFA-5M=138 /21 359

in dryland cotton. HNo doubt, this resulted because the dryland cotton
was drouth-stricken and had matured earlier, while the irrigated cotton
was still growing lush vegetation that was attractive to the insect,

During August the total number of zea bollworms on the plamtation
was drastically decreased. This apparently cccurred because all host
plants had become unsatisfactory for supporting great populations. At
this time zll corn had been harvested, alfalfa was drouth-stricken and
the cotton had matered. The population on the total acreage of all
crops of the plantation decreased to leas than 100,000 larvae during
August and most of September. The greatest mumber of zea bollworms at
this time was in cotton; however, the peak pepulation on this crop during
August was small and was estimated at less than 500 larvae per acre
(Table 2).

September rains caused the alfalfa to resume growth, and the zea
bollworm population transferred its attack to this crop. The total
bollworm population then steadily increased to nearly 1,000,000 in-
dividuals, Practically all of these were on alfalfa. This amounted
to approximately 6,500 larvae per acre and represented the greatest
number found on alfalfa throughout the season. On basis of numbers
per acre, this was about half the size of the maximum population re-
corded earlier on corn. Also, this late-fall population on the 146
acres of alfalfa was approximately the same size as the peak popula-
‘tion recorded on 726 acres of cotton in mid-July.

Alfalfa may well be the major host utilized in the fall by zea
larvae destined to enter diapause. Great percentages of the zea
larvae on the crop during the late fall become diapausing pupae [5].

Grain sorghum is a known hoat of the zea bellworm in this area;
however, the numbers of larvae found on this crop during the 1963
seagson were so small that they were considered to be imsignificant.

SEASONAI, CONTROL OF DIAPAUSE

The ability of insects inm temperate zones to enter diapause is
an adaptive mechanism which allows a species to survive the harsh
environment of an adverse season such as winter, The zea bollworm
is induced to diapause In the fall months in response to climatic
factors, namely photoperiod and temperature. Diapause occurs even
though there may be ample hosts available for larval feeding and
development.

In Central Texas, the zea bollworm is forced into diapavse by the
seasonal conditions which prevail from late September through early
November (Figure 2) [5). The induction of diapause is controlled by
a decrease in the day-length to days having less than 13 hours of
light per day and cooler temperatures (Table 3) [6]. Since the primary
stimulue for the induction of diapause is day~length, the seasonal
occurrence of this event may be predicted with great precision.

The onset of diapause checks further population increases by the
zea bollworm. This happens because the development of the diapausing
individuals is arrested in the pupal stageas. These individuals deo
not become reproductive until the subsequent spring when they transform
to mothe. The makeup of the zea population then gradually changes



380 ADKISSON

AN

F 3
o
T

PER CENY DIAPAUSE
"
o

S

]
20 30 10 20 30 10 206
Sept. Cct. Mow

FIG.2, Seasonal incidence of diapause in zea bollworins reared in an insectary at College Sation, Texas.
Figure drawn from data reported by Wellso and Adkisson [5].

TABLE 3. EFFECT OF DECREASING PHOTOPERIODS FROM L13:D1! TO L11:D13
AT CONSTANT 21 AND 26.6°%C, AND DECREASING TEMPERATURE 3°C PER WEEK
FROM 26.6° TO 18.5°C UPON DIAPAUSE INDUCTION IN THE ZEA BOLLWORM

Decreasing Percentage
Daylengths Temperature, °C Dispause
From Io

13 hrs ~ 13 hrs 26.6° 0.0

13 hrs = 13 hrs 21¢ 0.5

13 hrs - 11 hrs 26.6° 0.3
13 hres = 11 hrs 21° 76.5

13 hrs ~ 11 hrs 26.6-18.5° 94,3

during the fall months from cne composed of egrs, larvae, pupae and
adults to one composed entirely of diapausing pupae. Thus, the
reproductive capacity of the species declines concomitantly with the
increased incidence of diapause.

We know from research with the boll weevil, Anthonomis grandis
Boheman, that a large surviving overwintering population is necessary
to the survival of the species. When diapsusing populatious of the
boll weevil have been preatly reduced over large geographical regioms
by insecticidal treatments [?], the insect has been almost eradicated
from the treated areas. The Insecticidal induced mortality #n the fall
months combined with the natural mortality of the winter leaves very
few weevils to infest crops in the subsequent apring.

The zea bollworm also may be particularly vulnerable to population
suppression measures aimed at reducing the size of the diapausing
population. It is apparent from the data reported in Figure 2 and
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FIG. 3. Estmated numbers of zea ballworm larvae on all crops of the Texas A &M University Plantation,
1963 [4],

Table 3 that dlapause occurs at a predictable time of the season. The
larvae which develop into diapausing pupae also appear to be confined

tc a restricted range of hoats which may be growing on a relatively
small area of land (Table 2 and Figure 3). Treatment of this relative-
ly amall area of land with insecticides, insect pathogens or cultural
practices might be the first step in a population suppression program
utilizing sterile-insect releases. Great veductions in the size of the
overwintering population weuld mean that there would be few survivors

to emerge in the spring. The early spring months, before large acreages
of suitable host crops are available for great populatien dincreases,
would be the mogt opportune time to overflood the natural population
with sterile moths. It alsoc would be the period that would require the
feweat numbers of sterile insects in order to achieve the optimumm ratio
of sterile to fertile moths. This strategy would direct the attack on
the zea bollworm at the weakest linke in the seasonal cycle of the species.

DISCUSBION

The abundance of a phytophagous insect within its range of dia-
tribution is dependent on several factors. If the population is to
attain tremendous size, the species First must have a great inherent
capacity for increase. The environment then must be such that the
gpecies can attain its maximum rate of increase. If a species is to
build a population of grest size in one aseason, several other conditiomns
also must be satisfied. The insect must overwinter In great numbers
and the early generations must have ample host plants to support large
numbers of their brood.

The zea bollworm may build a population of tremendous size within
one generation. The species is able to accomplish this because of 1ts
great inherent capacity for increase. However, great populetions occur
only when there are considerable acreages of the mest favored hosts
available and when natural control from predators, parasites and patho-
gens 1s at a low level.



362 ADKISSON

The data reported herein show, however, that at certain times of
the year zea bollworm populations may decline to extremely low levels.
This occurs in early spring, during periods of drouth in summer, and
dagain in the late fall. These declines may be assoclated with the
disappearance of favored hosts over large acreages. In additionm, larvae
on hosts untreated with insecticides suffer high mortaltity from parasites
and predators.

The zea bellworm may be particularly vulnerable ta population
suppression measures during the fall months when the overwintering
pupae must develop. In areas of Intensive cultivation, the insect
eften is confined to host plants that are found in relatively small
acreages. 1f the insect could be destroyed during these months,

(late September through mid-November) by the destructicn of the hosts,
or by other means, populations could be drastically reduced. Then,
sterile zea moths might be released during the subsequent spring when
the species exists In extremely small numbers and is having difficulty
in sustaining itself without any interference from man. Laterinthe
season when favorable hosts, such as cottom and corn, become unavail-
able, or unsuitable, for larval feeding, the Zea population again
suffers a great natural decline in numbers. During these perfods, it
should be relatively simple to greatly overflood the natural population
with sterile moths. This combined with cultural control of weed hosts,
the regulation of growlng season of cotton, corn, soybeans, grain
soxghum and tomatoes, and the fall clipping of alfalfa and leguminous
pastures might prove to be extremely deadly to the zea bollworm. Small
acreages of alfalfa and pasture might also be treated with Bacillus
thuringensis, Heliothis virus, or imsecticides to further reduce the
population size.

Thus, I submit the hypothesis that a multi-host insect, the zea
bollworm, might be controlled by the sterile insect release technigue.
For this to be practical, we must have greater knowledge
of the population dynamics and population-size of the species
on all hegta In the total area to be controlled. Once this information
is gathered, it should be possible to devise systems of farming and of
controlling host plant sequences that would cause great declines in the
population at pradictable times in the season. Thus, a combined pro-
gram of host plant management and the judicious use of insecticides, or
insect pathogens, might be used to bring zea numbers to extremely low
levels. During these periods, total population suppression then might
be easily managed by the release of sterile moths.
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DISCUSSION

L.E, LaCHANCE: As we all know, the sterility principle for insect
control has its detractors as well as Its supporters. It is unfortunate that
the former were not present to hear a distinguished enfomologist,

Mr, Adkisson, present this paper. I, for one, am grateful to have these
data at my disposal in order to demonstrate to the *doubters' that even an
insect species affecting multiple hosts spread over large areass, and one
which is highly radio-resistant, still appears to be a promising candidate
for control or eradication by this method.

Marta T. MORALES: I should like io ask whether the population
fluctuations of the insect are the same for all the hosts mentioned,

P.L. ADKISSON: As far as we have been able to determine, they are
the same,

Maria T, MORALES: In the Philippines the mango trees bear fruit
from December to May and there are crops of papayas, bananas and
other fruitz all the year round, If we release wher the insect population
in the mango plantation is at its lowest, we shall have the problem of
migration from nearby papaya and banana plantations, What do you suggest
ig the best course of action?

P.1.,, ADKISSON: I think you will have to make surveys throughout
the year on all available hosis and estimate the size of the total population
over the entire area. This is the only way in which you will be able to
determine when the number of flies is at its lowest during the season.

I.A, KANSU: As an entomologist working on Lepidoptera, and
especially as a collector, I would like to mention that moen competition
with light traps is the same for almost all noctuid speecies. When you can
clearly see the silhouettes of hills, you colleci only few specimens by means
of a light trap. That is why the light trap method is not always a good
one for surveying neoctuids.

I would also point out that changing of the host is a very well-known
phenomenon, especially in the case of some desert L.epidoptera. Some
species change their host plant several times in a season.

K.L. CHAN: Mr. Philip Corbet of Canada hasg shown that a number of
ingects which show lunar periodicity also show synchronization of adult
emergence. Did you find this in the case of your moth?

P,.L. ADKISSON: We have not vet stndied this aspect, but it may well
he so,

K.L. CHAN: In such tropical countries as Singapore, where there are
no distinet seasons, populations of mosquito species fluctuate only very
little, Under such conditions, how and when would you recommend the
release of sterile males? It would appear that there are no truly favourable
periods, when the populations are low enough.

Although Mr, Pal thinks otherwise, he is speaking only of such iropical
countries ag Thailand, where distinct seasons do exist, I would agree
that in those countries the mosquito populations indeed vary considerably
with the seasons.

P.L., ADKISSON: Conditions in the iropica, and especially where there
are no distinct rainy and dry seasons, are much more stable than in the
higher latitudes., Thus, you may not have the extreme fluctuations in the
insect populations that are common outside the tropics. I can only suggest
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that you sample your population carefully and determine what its size is
during the various months of the year,

R. PAL: May T first attempt to correct what may be a slight mi=z-
understanding on Mr, Chan's part: I consider that even in mosquito
populations there are seasonal fluctuations in most instances, and there
is a period of lowest and highest deasity,

I now have a comment on the two papers presented so far this afternoon.
The session hag been very valuable as some penetrating soul-searching has
taken place. Both Mr. Jermy and Mr. Adkisson have raised pertinent
questions with respect to whether we are overselling genetic control and
whether we collect sufficient information on ecology and population dynamics
before attempting to manipulate populations.

D.W. WALKER: What agsurance do you have, Mr, Adkisson, that the
sterile males will mate during the full moon? If the males in nature do
not mate during this period, it would appear to me that the sterile males
will not mate either,

P.L. ADKISSON; I did not say moths do not mate during periods of
full moon. There are some moths active on most nights, The moon
apparently causes a lunar periodicity in the moth generation eyecle, so
phasing it that greatest mumbers appear during each dark moon period
{a cycle of about 28 - 30 days). Thus, peak numbers of moths for each
generation appear during the dark moon at an interval corresponding to
the lunar cycle. Releases should be inftiated at the end of the full moon
to prevent great numbers of eggs from being laid. They should then be
continued throughout the dark-moon period,

D. W, WALKER: What arethepossibilities of atiracting males from
nature to an autosterilization device? It could incorporate pheromone,
flickering light, etc. and could obviate the need for mass rearing, but
the trap method would have to be very efficient,

P.L. ADKISSON: At the present time I don't think this would work too
well. Perhaps in the future the pheromone trap may be very useful when
moth numbers in an area are extremely low,

D. G. CAMPION: Do light trap catches merely permit meagsurement of
the relative activity of mothg, and not of absolute numbers? In other words,
would release estimates based on such data be valid?

P.L. ADKISSON: Light traps provide only some measure of the
relative abundance of H. zea and for light-trap data to have much meaning
information must be collected over a period of several years., Moth catches
provide information on seeasonal fluctuations in population numbers, i, e,
the peak numbers and low numbers for each generation, Thus, light-trap
data should be useful for timing sterile-insect release so that it coincides
with the low numbers in each generation.

E.A, TAYLOR: What consideration is being given to the long-~distance
movement of H. zea?

P,L. ADKISSON: We and our co-workers in the United States Depart-
ment of Agriculture are devoting much attention to thig very important
problem, and research is being planned for the immediate future. Un-
fortunately, the mechanice of the research pose considerable difficulties
and the work consequently entails great expense.
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Abstract

FEASIBILITY OF CONTROLLING STORED GRAIN PESTS BY THE STERILE-MALE TECHNIQUE.

Apart from one publication, by Crook and collezgues in 1960, po attempt appears to have been made
to evaluate the potentialities of the sterile~-male technique against pests of stored grains. The paper discusses
this question and reports the findings of some laboratory experiments conducted at the Division of Entomelogy,
Indian Agricultural Research Institute, New Delhi.

INTRODUCTION

One of the most termnpting lines of pest-control research consequent
upon the success in the serew-worm eradication preject has been the explora-
tion of other areas of pest problems in which the sterile-male technique can
be successfully used. Several scientists, including Knipling, the original
formulater of this principle, have listed the essential requirements for
guccess in eradicating a pest by this technique. The following three con-
ditions are to be ensured even for a preliminary selection of a pest species
for such a study:

(i} The population of the pest should be either inherently very low or
should come down to a very low level as a result of seasonal changes or
should be capable of being brought down to that level by other conventional
methods of pest control., It should be noted in this connection that the popu-
lation of the screw worm with which this technique succeeded so well was in
the region of a few hundred per square mile whereas the agricultural pests
of any significance are generally in thousands per acre. This is the mast
esgential requirement because the number of sterile males released per unit
area has to be several times higher than the population of the normal males
present in that area. Hence the higher the population level of the pest the
larger the number of sterile males to be released and alseo the higher the
cost of the operation; thus beyond a particular level of the pest population
this technique ceases to be feasible,

(ii) The area from which the pest is to be eradicated should be so situated
that reinfestation can be kept to a negligible level or completely excluded.

In the case of the screw worm the strictest possible quarantine measures are
being enforced,

{(iil) There should be a reasonable chance of evolving a fairly economical
method of mass rearing such large numbers of adults as will be needed for
release.

365
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Once a prima facie case has been made out in favour of a pest species

on the basis of the above three criteria, one can rationally proceed with a

serious study of such bkiological characteristics as:

(a) detailed quantitative 1life history,

(b) the irradiation dose needed for sterilization without adversely affecting
any behavioural characteristics or competitive capabilities,

(¢) the ratic of sterile males to normal males for effecting the degired
degree of reduction in the population,

{d) the method of mass release so as to ensure uniform distribution in the
area,

{e} the feasibility of separating the two sexes on a mass scale at some
suitable stage of the life cycle,

(f) the assessment of the harmiul effect or nuisance value of the insects
released,

(g) the evolution and/or perfection of mass-rearing techniques, and
equipment,

(h) the economics of mass rearing and release operations, and the expected
economic gain of the whole project.

CHOICE OF STORAGE PESTS

On the basis of the above, we considered that the most promising field
for the success of the sterile-male technique was likely to be in the control
of storage pests. This theoretical decision was arrived at in spite of the
rather disappointing conclusion of Crook et all after working on the flour-
mill moth, Anagasta {Ephestia) kuehniella Zeller, We envisage using the
sterile-male technique neither in a normal godown ner in a general way as
wag attempted by the above-mentioned authors, but in the following planned
manner, in which both the storage structure or storage godown and also the
genersl sterage practices will have to he modified in view of the requirements
of the technique.

The series of steps in which the release of the sterile males has to be
fitted in are considered to be as follows:

(a) Farmark certain storage godowns or storage structures for long
period of storage;

(b) Make the storage godown or storage structure practically insect-
procf by means of any kind of barriers;

(c) Disinfest the storage structure by spraying or fumigation;

(d) Store fresh grain, or fumigated grain which is prac cally free from
insect infestation;

(e} Before closing the storage structure or the godown for long-range
storage, introduce suitable populations of sterile insects of the few species
of storage pests which cause serious concern in the area so that these sterile
insects will make it practically impossible for any small pest population,
which might have entered the godown or the storage structure despite the
precautions mentioned above, to increase.

! CROOK, L.J., BULL, J.O., CORNWELL, P.B. Some biolegical and ecological studies on the flour mill
moth Anagasta {Ephestia) kuehniella Zeller, for an appraisal of sterile-rnale relesse technique, AERE Report
R. 3297, Atomic Energ}r Research Establishment, Harwell, Berks, United Kingdom.
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This last operation is envisaged as a substitute for repeated fumigation
and/or for treating the grain with any insecticidal chemical involving health
hazards.

Another point which has {o be faced during this stage is that we have to
write off the small amount of foodstuff which the sterile, non-multiplying,
adults of the beetle pests arelikely to eat during their own lifetime. This
amount of damage is thought ta be quite negligible in view of the assumption
that only a small number of sterile adults will be needed. Even this minor
disadvantage will not exist in the case of several pests, particularly moths,
which do not eat in the adult stage.

With the above considerations in mind, we have started studies on one
of the several species of storage pests, namely the rust red flour beetle,
Tribolium castaneurn (Herbsat).

DETERMINATION OF GAMMA-RAY STERILITY DOSE

The sterility dose was determined in three replicates by exposing freshly
emerged adults of T.castaneum in batches of 50 enclosed in cellophane bags
to various doses of gamma radiation and then keeping each batch in separate
containers with sterilized wheat flour for repeated observations an the
development of the progeny, if any, up to a period of 40 days. No effort was
made to segregate sexes in these experiments. The various doses tried
were 1000, 2500, 5000, 6000, 7500, 10000, 15000 and 30000 R. The lowest
dose at which the development of progeny was almost completely arrested
was 7500 R, but a dose of 10000 R also did not produce any other visible
disability in the insects exposed.

It was decided to carry out further investigations with doses of 10000 R
s0 as to doubly ensure complete sterility in all irradiated batches. A des-
cription of these investigations follows.

EFFECT OF DIFFERENT RATIOS OF STERILE TO NORMAL ADULTS
ON DEVELOPMENT OF PROGENY

To examine the effect of different ratios of sterile to normal adulis on
fertility, a dozen different ratios were tried. The general plan and results
of this experiment are shown in Table I. As described above, the insects
were irradiated in cellophane bags so as to ensure that all of them received
a dose of 10000 R. Thereafter single pairs of normal adults {one male and
one female} were separately enclosed with different numbers of pairs of
irradiated adults in glass jars (15 cm X 10 ¢m) covered with muslin and
maintained at room temperature and humidity. There were three replications
of each ratio between normal and sterilized adults. Also for each of these
ratios there were three different types of controls, each of which was alsore-
plcated thrice. One type of control contained only normal adults, the number
of which was equal to the total of normal and sterile adults {column 6}, the
second control consisted of only one pair of normal adults (column 8), and
the third type of conirol contained only sterile adults (ceolurnn 19) the number
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of which was equal to that released in the corresponding treatment. To all
these sets sterilized wheat flour was supplied as food at the rate of 90 g

per jar. Observations on the progeny were recorded after 40 days from the
start of the experiments. This ensured that only one generation was allowed
to be completed. Only adulis, both dead and alive, were counted.

Table I shows that with every ratio the population in the control jars
{column 7) was much more than in those containing both normal and sterile
adults (column 6), It is also clear from column 5 that the population in the
treatment jars goes on decreasing {with a few exceptions) with the increase
in ratio of sterile adults till it becomes nil in the highest ratio of 1: 200.

As regards the percentage reduction due to the release of sterile adulis, itis
seen that there is a large percentage of reduction right from the lowest ratio
of 1: 1 although the percentage reaches 100 only at the ratio of 1:200; this
trend is generally the same irrespective of whether the percentage reduction
is calculated with reference to the net increase in control No.] or control
No.II. Thus the percentage reduction given in column 12 refers to the popu-
lation shown in column 7, which is the progeny of the number shown in
column 6; and the number in column 6, i.e, number of normal adults, is
equal to the total of both normal and sterile adults in the corresponding
treatments. This had to be done to keep the population pressure of the
parent generation equal both in treatment and control. ¥From the results
recorded in column 7 it is clear that the pumber in column § has ohviously
not been the only facter influencing the net increase in progeny in column 7.
The limiting factotr seems to have been the size of the container, the pre-
vailing climatic conditions, and the number of adults kept in each container.
Thus there is not much difference in the net increase in the progeny (column?7)
from rows I to vi which represent the results of the experiments carried out
during April and May. The case is similar with rows vii to xii, for which
the experiments were carried out during September and October. From

row x onwards it appears that the high population of the adults (column §) has
begun to show its depressing effect. Rows x to xii most probably reflect

the depressing effeci of both the autumn season and the high population kept
in the jar. Furiher, when the percentage reduction is worked out with
reference to the number in column 9, which represents the net increase in
the progeny of only one normal pair when there has been one normal pair in
each of the treaiment jars, the net increase in the progeny is as given in
column 5. The percentage reduction as given in column 13 shows the same
trend and leads practically to the same conclusions, that the technique of
releasing sterile insecis into a normal population can be expected to check
the multiplication of normal insects to quite a considerable extent. The net
increase in the population (column 1%) of irradiated adults was nil, thus
confirming complete sterility in all cases. A prima facie case is therefore
established for following up this line of work to its logical conclusions,
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DISCUSSION

F.M. WIENDL: On the gubject of using the sterile-male technigue for
stored-grain insects, I have had experience with applying it to Zabrotes
subfasciatus (Boh.). The biclogical characteristics of this pest offer various
advantages for the application of the technique: for example, an average of
30 eggs per female, an adult longevity of barely 6§ days and maximum ovi-
position on the second day; wmoreover, if is very easy to separate the sexes,
A disadvantage is presented by the nature of oviposition, as the eggs are
stuck fast to the pea. Sterility is induced with barely 10 krad, and on the
basis of a formula developed by Berryman {Canada) there should be approxi-
mately 2000 sterilized insects for each 100 fertile ones in the case of
aspermia and a few less if there is only immeoebilization of the sperm, with
an average of three matings in both cases.

However, the real problem is the presence in the grain of a large
number of dead insects and of eggs, albeit inviable ones. This in fact
makes it impossible to apply the technique to this insect.

G. HOOPER: Firstly, Mr. Sethi, it worries me that the data for each
ratic treatment are based on only three females. Secondly, for a 1:1 ratio of
sterile and untreated insects, and on the assumption that the sterile males
are competitive, one would expect a 50% control, Your Table I shows a
74% control for this ratio, How do you explain this?

G.R. SETHI: The data are indeed based on three replications per
treatment. Regarding your second ohservation, I can only say that the data
are based on actual observation. They indicate that the sterile males were
quite competitive.

M. FRIED: I fear that after starting with a review of some of the
requirements for the success of the sterile-male technique you have ended
with one of the most difficult situations, both from a technical and economic
standpoint and from a food guality point of view. People do not normally
want even dead insects in their food nor do they desire the presence of
insect excrement. Moreover, in order to achieve success you will have to
release sterile insects of many species, each of which will require thorough
previous. research. You may also have to store the grain In the treatment
area for an appreciable length of {ime to allow the breeding of multiple
generations. I really feel that you may have '"bitten off more than you can
chew', at least at this stage of our knowledge, and that greater attention
should be devoted to potentially more successful areas.

G.R. SETHI: As I stated earlier, it is not the intention that thistech-
nique should be used wholesale for eradicating stored-grain pests, but in a
limited way to check the multiplication of a few individuals which might have
entered disinfested storage structures. It would not therefore be necessary
to release such large numbers of sterile individuals of the pest species as
to pose a serious problem from the consumer-acceptability point of view.

I am convinced that these studies give us grounds for believing that the
technique could be usefully tried out,

K.K. NAIR: I alsc am concerned about the application of the sterile-
male technique for the control of stored-product insects, Although you can
contrel the insect infestation by this technique, the amount of insect frag-
ments left in the grain will undoubtedly be far beyond the maximum per-
missible level.
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Did you take into account the mortality of adults as a result of cannibal-
ism, which is common in this species?

In my studies I have noticed that a sterilized T.castaneum male is not
a competitive individual.

GG.R. SETHI: The guestion of insect remains has already been raised
by Mr. Fried, and I would like to state again that it is intended to use this
technigue only {o a limited extent.

As regards your second point, cannibalism was not taken into account
as a distinct factor during mortality counts,

Lastly, the data presented indicate that the sterilized males were quite
competitive, as we achieve a significant reduction in population even at a
1:1 ratio.
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Abstract

CRGANIZING A PROGRAM FOR ERADICATION OF Culex pipiens fatigans IN RECIFE, BRAZIL.

The paper discuszes the planning of a program started in Recife to contyol Culex pipiens fatigans
vector of filariasis, by conventional insecticides and the sterjle-male technique, Two alternative projects
are discussed. In the first project, the spraying, to be carried out over an area of 10 km®, twice per
month for a period of 2-3 months, will cost about US$2000 per month; then sterlle males will be rel=ased
at a rate of 100000 per week. In the alternative project, lnvelving a smaller area, ‘the sterile-male
technigne alone will be used; a mathematical treatinent of the problem i included as an appendix,

INTRODUCTION

The sterile-male technique has been studied in the Centro de Energia
Nuclear of Recife (CEN)}, with a view fo controlling Culex pipiens fatigans
in the area of Recife, Brazil, Some of our work is mentioned in the
Riblicgraphy, The pest is the principal vector of filariasis, a disease that
is widespread in the city of Recife, According to Rachu et al. {(1958) the
infestation index of Culex in Recife reaches 7,3%. Our group reported
2 infected persons among 252 examined cases in 1868 in & suburban part
of Recife, and 9 infected among 330 cases in another part,

DESCRIPTION OF THE RESEARCH

The entemological work has involved the collecting of insecis in the
field by means of conventional nets and traps, and classifying them.
Microscopic investigation of anaesthetized insects has revealed a number
of mutations of C,p.f., especially white-eyed and green, which have
been classified.

A dosimetric investigation has been done to determine ihe optimum
gamma dose for sterilizing male C.p.f. Gamma rays have been used from

* This work has been supported by the Brazilian Mational Commission for Atomic Energy,
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a 8%Co source of about 900 Ci. The doges have been measured by the
Ficke methed (ferrous-ferrie transition), The following points have been
noted:

(1) The eggs of C,p.f. do not hatch after a 10 000-R dose,

{2) The average life of the larvae from irradiated egge diminishes
rapidly with increasing doses,

(3) With about 4000 R on the eggs, the lifetime of the larvae is almost
unaltered, but they do not pupate,

{4} The sterilization dose of adult males is 8000 - 11 000 R,

(5} The same doge appears to be sufficient, when pupse are
irradiated, for getting sterile adult males.

A study of the mating competitiveness as between normal and sterile
males, with normal females, has shown no disadvantage for the irradiated
ones, since the batches of sterile eggs are as frequent as the normal
batches, with equal numbers of sterile and normal males,

Chemical sterilization by means of apholate dissolved in the water
in which the larvae live, has been studied, With a concentration of
25 mg/litre, sterilization of the males born from the larvae was complete.

A radioactive tracer method, using %P, has been adopted to
determine the dispersfon of C,p.f, The concentrations of 32P used were
20 uCi/litre angd 25 uCi/litre. The adull insects, anaesthetized, were
enclosed in small Al boxes with a thin wall (20 mg/cm®%. Their activity
was measured by means of a gas-flow counter. The field part of this
resgearch has not yet been done,

THE TWO PROJECTS
We have studied two alternative projects: a two-phase project in
which a chemiecal (insecticide) phase is followed by the use of the

sterile-male technique; and an alternative, one-stage project, in which
only the latter is used,

THE TWO-PHASE PROJECT

Pesgticide phase

As a basis for a cost forecast, let us consider aplane 1 km?inarea, The
Insecticide i=s sprayed along paralleltracks, 100 m apart. Thus 10 tracks cover
the whole area, with a distance of 10 + 1 = 11 km for the spraying machine,
Let us say 15 km, to include possible detours, These 15 km at a speed of
8 km/h would take 2 hours of work to spray. The cost per hour of the
spraying operation, according to information provided by the city of Rio
de Janeiro (SURSAN), is about Cr 500 = US$100 for one spraying per km?2,
Thus for an area of 10 km? and for two sprayings per month, the cost
1s approximetely US$2000 per month,
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Sterile-male phase

During the treatment with conventional insecticide, the density of insects
in the ireated area will be periodically checked by the usual capture methods,
When the density drops ioc 20% of ite Initia! value, the sterile-male technique
will be used. The foreseen number of sterile males to be released in the
10-km? pilot area is 5000 per day. The production of such a number of
insects is already possible in the tanks available at the CEN, The separafion
of the males is made by means of percolators with holes 2 mm in diameter,
The sterilization will be done partly by gamma rays and partly by
chemosterilization,

ALTERNATIVE, ONE-PHASE PROJECT

A natural disaster {flood) in Recife upset the plans for the iwo-phase
project, As a result we started planning an alternative, one-phase
project consisting of using the sterile-male technique alone in a limited
igolated area (Curado-Vérzea). The mathematical calculations for cur
plans are given in the Appendix, We must release at least 5000 males
per week per million insects of the starting population ny. Since our
resources appear to give us the possibility of releasing more than
100 000 sterile males per week, a first effort in this direction will be
made at the end of the rainy season, probably October 1970, It is possible
that this kind of project is useful where scanty sanitation facilities make
other methods almost useless,

CONCLUSIONS

From the results so far obtained the work appears to have some
chance of success, but the following points are important.

(1) The continuous interest of the Public Authority on whom the
financial responeibility lies is essential,

{2) The duration of the project, accordingto Dr. K.S. Rai (IAEA
Expert advising the project) cannot be less than 2 years, and should
possibly be 5 years,

{3) The gravity of the filariasis problem in the region makes it
possible that the disease could easily spread to other larger areas. There-

fore @ national as well as an mternatlonal aid program is required for
the elimination of the pest.

APPENDIX

MATHEMATICAL TREATMENT OF THE STERILE-MALE TECHNIQUE
FOR CONTROLLING THE INSECT POPULATION

T.et us assume the following notations:

g
5

total number of insects in a given area;
total number of {normal and aterile) males = (:m + >
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i

I = "ar{ificial"’ population of sterile males in the area = 11< mn;
i = number of sterile males released for unit time;

{(l-m)n = total number of females;

f = (number of matings per sterile male)/(number of matings per

normal male);

1/A1 = mean life of sterile males;

1/ = mean life of the male population;

B = breeding coefficient (dimensions T-1;

v = migration velocity of the insect population n;

D = migration length;

vDV?n = net migrating population (inward + outward) per unit time

{(*zero for an isclated area),

The equation for the population variation is

dn

= -+ Bm- 1) (1 - m)n?+vDvia o8

The first term on the right-hand side iz the natural decay; the second
is proportional to the product of the number of females (1 - m)n and the
number of non-ster{le males {m ~ Ji/n)n, taking into account the efficiency
coefficient f. For an area which can be considered as almost isolated,
the diffusion term vD¥2n can be taken to vanish, Thus, in this case,

Eq. (1) can be written:

gt o Can + bn? {2)
where

a=Xx+B(1-m) Jf

o
1l

B(l -m)m

Integrating,we can write

n(t) = (2)
+<noiJ - ) et

This satisfies the condition n{0) = ny + J {according to thg assumptions),
ng being the initial "normal’ population, Substituting the valties of a and b
we get

A+ B(l-m)Jf

n(t} = {ng+J) (4)

B(1-m)m(n +J} + [1+B{1-m)Jf—B(l-m)m(nu-i-J)J edt
For J = 0, Eq.(4) must.be n{t) = ng = conat, This carries the condition
A-B(l-m)mn,=0 (5)

which defines the breeding coefficient B, namely
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A

B=m(1-n':)n0

(6)

Substituting Eq. (6) into Eq, {4) we have

1+ -——fin
n(t) = (ng + J) . Q]
T SO 1> e gt
Iy Ngs1m
Since f/m > 1, Eq.(7) steadily decreases for increasing 1.
As an example for Culex pipiens fatigans, with
1
J=0,01n; f£=1.5; m=1/3; X= §§ day; t = 6 months;
At =12; oM =1,63%X10°
one obtains
_ 1,045
n(6 menths) = (1.01)n0 T 4755 035 + 1,63 X 105
- 1. (8)
= Mo 5260
which shows an important reduction of n,.
Now the rate of releasing insects, i, is
=3y (2)
Thug, in the case shown above, this rate must be, with 1/A= 15 days:
0,01 n
= = e
i 15 ™ ~ isop P°T day (10)

This means, in fact, a release of about 5000 sterile males per week per

million insects of the original population, during a period sufficient for the

cereation of the artificial population J, e.g. 4 months, Hence the decrease

of n{t) calculated here requires an initial release of 5000 X 4 X 6 & 100 000

sterile males per million insects, . Perhaps this resuli is scmewhat

optimistic, but it can be ugeful as an order-of-magnitude calculation of i.
This suggests the following method:

{a) Release a masecive initial number of sterile males e, g. 0,01 of
the initial population,

{(b) Release at periods of one week 7i & 91—501 n sterile males,
the number n being the actual population.

{c) Possibly a mixed program with use of insecticide for isclating
the chosen area can be utilized,
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DISCUSSION

R. PAL: Mr. Borghi has stressed the fact that genetic control of
insects is a highly sophisticated technique, requiring careful study of
such factors as ecclogy and population dynamiecs. Consideration must
be given to the question whether the services of a short-term consultant
allow sufficient preparation for a campaign.
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Abstract

GENETICS OF FACTORS AFFECTING FERTILITY AND OF SEX-~RATIO DISTORTIONS IN THE HOUSE FLY.

In amphygonic species fertility propetly refets to matings rather than to individeals; the individual
contribution to fertility can however be estimated when multiple matings are possible. Fertility of normal
house-fly (Musca domestica L.) strains and of mutant stocks differs greatly but the geiletic bases of the
difference remain undetected. Close inbreeding proverbially reduces fertility; the number of adult flies
obtained by single brother-sister pais may be halved at each generation, Zygotic losses seem to play an
important role in this decrease in fertility and possibly provide tocls for genetic manipulations. Heterozygow
chromosomal trapslocations pbitzined by X-ray treatments cause semisterile conditions, which may prove of
great valve for devising means of genetic control. Sterility factors affecting gametes or fertilization and
cytoplasinic sterility have not so far been discussed for the house fly. Sex determination and seX ratics are
controlied by genetie mechanisms which differ between populations. The heterogamety is either chromosomat
of genic; in the first case the heterogametic sex is the male, which carries a male-determining T chromsome,
while in the case of genic heterogamety, either sex can be heterogametic, according to the factors invelved,
Male antosomal determmining factors inherited as genes have been recoghized and assigned to different linkags
groups, but strong evidence exists also for the existence of female-determining factors. By varicusly re-
combining the known sex factos, new sexual formulae have been obtained. Some erossing combinations
between flies of strains differing in thefr sex formulae allow the production of F; hybrid populations composed
of males only. The mass production of male populations would facilitate in various ways control based on the
sterllity principle.

The fertility of an organism is measured by its production of viable
progeny. In amphygonic species fertility properly refers to 'pairs! or
'matings' rather than to individuals, However, mean and variance values
expressing the fertility of single individuals of either sex can be obtained
when multiple matings are pogsible. These statistics have proved of great
value both for the selection of fertil¥y levels with organisms of econamic
importance and for measuring the effectiveness of sterillzing agenta [1].

The fertility of normal house-fly {Musca domestica L..) strains of
various origin and of mutant stocks differs greatly. The genetic basiz of
these differences, however, have hardly been explored; when mutant genes
are present, it is possible to ascertain to which extent side (pleyotropic)
effects of the mutsdnts contribute to fertility; however, these side effects
are generally very sensitive to the action of medifying genes and/or the
regidual genotype, much more so than the "major! effects of the same genes.
This leads to ¢onspicuous differences of results between crosses, between
similar mutant stocks of different origin and between the segreganis re-
covered after outcrosses and their original stock.
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TABLE I.

MILANI

MEAN FERTILITY REFERRED TO SINGLE BATCHES

OF EGGS OF SINGLE PAIR MATINGS FROM RECIPROCAL CROSSES

BETWEEN MUTANT AND NORMAL FLIES OF THE

WHO/IN/Mugca domestica/1 STRAIN

(France, M.G., personal communication)

Mutant strain 12{;?;; ?Imwt,gt
di 65. 58 58.84
bwb: cm; cony 47.20 (939
apt. 7 24.60
m, ar 62,75 79.25
conyv, y& 59.45 46.68
ocra, gpt 19.55 40.33
apodous [} 49.82
bwh, ge; spi_ 23.55 a92.68
Average 61.72 57.88

TABLE II.

FERTILITY OF FIELD-COLLECTED FEMALES

AND OF THEIR F; AND F; PROGENY [3]

(From Milani, 1955 and 1967;

"Rivista di parassitologia' and of Elsevier Publ. Co.)

by kind permission of the journal

Generati Ne. of sggs No. of batches No. of flies No. of flies Relative
Teration per batch per female pet batch per female fereility
P 84.21 1.65 44,00 72. 60 1
Fy 87.56 1.46 27.08 39.49 0.5
F, 93. 54 0.86 19.64 i6.89 0.23
TABLE III. EGG HATCHABILITY OF A FIELD-COLLECTED

SAMPLE OF HOUSE FLIES AND OF TWO SUBSEQUENT INBRED
GENERATIONS [3]
(From Milani, 1955; by kind permission of the journal "Rivista di

paragsitologia’)
Batches No. of eggs No. of eggs T
atd
Generation of eggs laid unhatched unkatched
3 28 2421 108 4.35
F, 82 5405 459 8.4%
¥y 21 1958 407 20.79
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FIG.1. Reduction of fertility in a line inhred for nine generatiom with selection for high fertility., The mean
mumber of flies ohtained from each batch of eggs is the measure of fertility adopied here. The dotted line

refers to all the families of the group of thote selected for reproduction, represented by the straighr line.
{Milani, 1967 [4]; by kind permission of Elsevier Publ.Comp., Amsterdam).

The bearing of the type of mating on fertility for the house fly is
exemplified in Table I, which shows the mean numbers of flies per batch of
eggs obtained from pairs involving a standard fly and a mutant pariner; even
when the females are standard, the differences between crossges are
conspicuous.

With an organism laying eggs in batches, like the house fly, total
female fecundity {and fertility) depends on the number of eggs in each batch
and on the number of batches which are laid. Under favourable experimental
conditions, females differ in the size of their batches of eggs, but each
female tends {o lay batches of glmilhr size; consequently the contribution
to the total variance is greater 'between' than twithin' females of the same
or of different strains [2].

Comparing field-collected flies and their F| and Fp progenies, the
present author did not observe any decrease in the number of eggs per batch
in the three generations, while the number of batches per female decreased
steadily (Tabkle II)., The differences of fecundity between generations would
have remained nnnoticed if the chosen parameter for its measurement had
been merely the number of eggs per batch. In addition to the loss of fertility
conseguent upon the lowering of fecundity, a further conspicuous loss was
due to increasing mortality in undetermined developmental stages, and
possibly to failures of fertilization [2] (Table III).
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Prolonged close inbreeding greatly reduces fertility [3,4]; the example
of this reduction glven in Fig. 1 refers to the number of flies obtained from
single batches of eggs; the overall reduction would have been much more
gtrildng if the number of batches per female and the proportion of infertile
pairs had been considered.

Efforts in obtaining highly inbred lines have, however, been successful
[4-6].

The genetic basis of the loss of fertility caused by inbreeding remains
obscure. Factors operating at different levels are likely to be involved;
gome cause a loss of zygotes or failures of fertilization, as is shown by the
decrease of adult flies obtained from similar numbers of eggs. The {meagre)
available evidence indicates that under a close brother-sister mating system
the number of adult flies may be halved at each new generation (Table II,
last column). Recessive lethals and/or synthetic [7] lethals are a source of
zygotic losses which alone may cause such a decrease in fertility. In this
case It should be possible to isolate and recognize seme of the genetic
components responsible for this type of partial sterility and possibly to use
it as a tool for genetic manipulations.

Inherited sterility factors, in the sirict sense of facters affecting either
the gametes or the process of fertilization, have not so far been described
for the house fly,

Attention has been given, however, to factors reducing fertility through
the production of unviable offspring.

Wagoner et al, {8] examineq 193 stocks of house fly containing hetero-
zygous chromosomal translecations induced by X-ray treatment. The trans-
locations examined were both autesomal-autosomal and Y-autosomal. With
double reciprocal autosomal translocations, the average hatch of eggs
(44.6%) was very close to expectation {(50%) on the basis of 50% alternate
segregation when double reciprocal translocations are in the heterozygous
form. Triple and quadruple translocations reduced egg hatch more drasti-
cally {34.1 and 21, 0% respectively). From the data published by Wagoner et al.,
shown here in Table 1V, it is clear that post-embryonic mortality was fairly
low for double and triple autosomal-autosomal translocations, but was much
greater when quadruple translocations were involved.

The Y-autosome heterozygous transiocations provided similar resulis,
but the average hatch was somewhat higher than with autosome-autosome
translocations.

Most of the autosome-autosome translocation stocks had an approxi-
mately equal number of progeny bearing and not bearing the translocation,
ag expected. Some translocation, however, showed a greater transmission
than expected, i,e. in the progeny tHe preoportion of translocation-bearing
flies was greater than that of normsal progeny.

The logs of half of the zygotes due to unbalanced chromosomal comple-
ments causes the state commonly defined as semisterile. Wagoner has
pointed out that: ... a study of the regular transmission to progeny of a
semisterile state of the type that occurs in heterozygous translocations may
give a useful estimate of the feasibility of using a semisterile condition for
insect control in general. More specifically, it may prove useful as an
approach to a ¢control measure that would be directly applicable to the
house fly".

All translocations so far described and/or used have been obtained by
X-ray treatment. No case has been described of chromosomal
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rearrangements in untreated flies. This is a favourable condition for
following the behaviour of experimentally produced translocations after
their introduction into experimental or natural populations.

Cytoplasmic sterility, in the sense of sterility which can be traced
either to phenomena of an immunological nature or to the action of virus-
like particles, has never been mentioned for the house fly, at least to the
knowledge of the present anthor,

At present, the available information about genetic factors affecting
fertility is confined to the X-ray-induced chromosomal translocations, which
appear as a potential tool for genetic manipulations aiming at the control of
house~fly populations by the genetic reduction of fertility,

Much more information is available with regard to sex-determination.
The house fly is a very heterodox species in this regard, as it shows a
varlety of genetic formulae providing efficient systems which ensure hetero-
gamety of one sex and a normal sex ratio in the populations.

Most field populations and laboratory stocks have a standard XX, XY
sex-determining mechanism and the males are the heterogametic sex [8],
Sex chromosomes are entirely heterochromatic, and sex-linked traits have
not been cbserved in this species, as was early anticipated by Perje [10].

The integrity of entirely heterochromatic chromosomes is not essential
for ensuring a balanced genotype, so variations of size and number can be
expected with these chromosomes, At least three types of X and three types
of ¥ chromosomes differing in the length of their arme have been described
fi1], some of which are shown in Fig. 2; aneupleid chromosomal complements
with regard to the number of X or ¥ chromosomes have been observed in
flies from field populations [12] and from laboratory strains [13-18]; by
selection, the number of heterosomes has been inereased, the supernumerary
elements being either X chromosomes (Fig. 3} [17, 18] or Y chrompsomes
(Rubini, persocnal information) in different lines; the failure of repeated
attempts to synthetize flies without heterosomes (Rubini, personal communi-
cation) indicates that the presence of at least one heterosome, either X or Y.
is essential for zygote survival.

Observations on aneuploid complements and on avtosome-Y transloca-
tions indicate that, when the sex alternative is controlled by an XX, XY
mechanism, the X chromosomes are 'silent' (their number may change
from zero to gix without visible effects on the fly) while the Y chrornosome
acts as the male-determining factor. In fact, all males and only males
carry at least one ¥ chromosome (18]; furthermore the autosomes to which
the ¥ chromosome becomes attached by translocation take a girictly holan-
dric type of inheritance [8, 18]. According to this hypothesis, the female
sex appears as the developmental fate of vital house-fly zygofes having at
least one X and no Y heterochromosomes, while the Y, or parts of it,
actively canalizes embryonic development toward maleness.

This is, however, an over-simplification. Through genetic manipulations
(to be discussed later} it has been shown that each type of Y chromosome and
at least two of the three types of X chromoesomes (the third not having been
tested) can be introduced in genotypes where sex differentiation is controlled
by autosomal factors; in the new genetic background the Y chromosomes
may become !silent' like the X chromosomes always are, and may pass to
the female; they do, however, resume their previous close association with
the male sex as soon as the autosomal sex-determining factors are removed.
This is a condition which, to the present author's knowledge, does not have
any parallel in other organisms [9, 11].
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FIG.2. Size differences between heterochromosomes are easily observed in complements of heterozygous flies.
Left: Mitotic metaphase from a female with different X chromosomes (arrows), the one on the periphery of

the plate being heterobrachial.
Right: Mitotic metaphase of a male showing two Y chromosomes of different size; the smaller being the

standard one.
(Milani et al., 1967 [9] and Rubini, 1967 [11]; by kind permission of the authors and of the journal "Genetica

agraria”.

FIG.3. Diploid cells of gonads of male (left) and female (right) flies with 6 heterochromosomes. The
heterochromosomes are generally grouped together and differ from autosomes in staining properties, absence of
intimate somatic pairing and more delayed division in mitosis. Arrows indicate the groups of heterochromosomes .
(Rubini and Franco, 1966; by kind permission of the authors and of Academia, Prague, and Elsevier Publ. Comp.).

Some field and laboratory house-fly populations differ from the standard
condition because both sexes have generally two heterosomes of similar
size, indistinguishable from the X of the standard strains; aneuploids
(X0, XXX) are more frequent than in standard populations, and they may
account for 5-6% of the total population [13]; occasionally an X chromosome
with a shortened arm has been observed [11, 17]. The two types of X may
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FIG.4. The non-standard heterochromosomes can reach the homozygous state without causing impairment to
the flies.

Left: Mitotic metaphase from female house fly homozygous for a heterobrachial X chromosome.

Right: Mitotic metaphase from a male house fly homozygous for the large heterobrachial Y chromosome,
shown already in the heterozygous state in Fig. 2 right.

(Rubini, 1967[11], by kind permission of the author and of the journal *Genetica agraria”).

coexist in either sex; by proper crosses involving flies with heterosomes
individually recognizable for their morphology it has been possible to obtain
both males and females carrying heterosomes which are all replicas of a
single original one (Fig.4), thus proving that: (i) the two heterosomes of
both sexes can be identical; (ii) similar morphology does not mask any
sort of functional difference; (iii) heterosomes of different morphology
behave similarly [11].

When the two sexes have heterosomes similar both morphologically
and functionally, adequate mechanisms for ensuring the sex alternative
must reside in the autosomes. A simple, fully efficient mechanism essen-
tially similar to the one originally described for Culex [20, 21], has been
fixed in some laboratory strains and possibly in two field populations [15,
22-24]. A dominant factor, symbolized M, is carried in the heterozygous
condition by all males and only by males, If m is its homologue, females
are mm and males Mm; genes in coupling with M follow holandric inheritance
(they are transmitted only by males and are received only by (all) the male
progeny) while genes in coupling with m can be transmitted by either sex;
they can reach the homozygous condition only in females. With recessive
characters it is easy to obtain true breeding lines with heterozygous males
of normal phenotype and homozygous mutant females [9]. Even if the mutant
character is shown by all females and only by them, these lines should not be
defined as 'hologynic' because the males receive and transmit the chromo-
some carrying the recessive gene (Fig. 5).

Within these lines, M is strictly limited to the male sex; in house-fly
males, crossing over is either unknown or extremely rare and so the as-
sociation of M with the set of genes of its chromosome is practically ab-
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bwb bwb bwt* bwhb
m O Om

true breeding
line

FIG.5. Linkage between the male-determining factor M and tha locus bwb. M and bwb® (wild type allele)
are in the coupling state, so true breading lines can easily be established, in which fernales are of mmiant type
and males of wild type.

solute. This condition closely parallels the one expected for a Y-autosome
translocation; for this reason, on the evidence of hybridolegical data only,
it was originally called TY and T{YII} (15, 25]; this terminology has been
abandoned when cytological evidence has shown that no translocation was
involved [11].

Abnormal sex ratios and segregation data obtained from crosses between
normal flies and flies {rom strains carrying the M factor could only be
explained on the assumption that some atypical males were homozygous for
M, that M could be carried also by females of the original atypical sirain
both in the heterozygous and in the homozygous state, and that the hybrid
females could carry the Y chromoscme, The evidence for this hypothesis
has been discussed in detail elsewhere [§, 23]. H is sufficient to mention
here that the evidence that both sexes of the atypical sirain and their hybrid
derivatives can carry M, even In a double dose, and that the last-named
can both have either the XX or the XY combination implies that in these
flies sex must be determined by mechanisms other than the XX, XY or mm,
Mm alternatives so far discussed and that the factors present in the ¥ chro-
mosomes and M may lose their function as male-determining factors.
Cytological evidence obtained from hybrid females showed their XY or
XX structure, in close agreement with the expectation derived from hybrid-
ological data [23].

The assumption that a factor or a group of factors limited to the female
sex behaves as a suppressor of M and of ¥ has provided a working hypothesis
which accounts for the observed facts and has allowed one to plan and
synthetize new sexual formulae {26]. This factor (or factors) has been called
F [27], a symbol not italicized! because it does not correspond to a gene,
even if F can usually be handled in crosses as a single factor,

! fratics are represented by underlining in the present text.



390 MILANT
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FiG.6. Genealogy of the fint YY strain of house fly synthetized. The sex formula of the parental female
Atypical-F was XX MM Ff; by using a genetically marked chromosome 3, the factor M has been excluded
fram the strain Y'Y, ia which females are the heterogametic sex, being Ff. All pairs contributing to the line
have been checked cytologically afier coliection of the second batch of eggs.

{Rubini, P.G., and France, M.G., unpublished).

The hypothesis thai the F-carrying zygotes develop into females even
in the presence of M and/or of the Y chromosome, implies that a proportion
of their progeny should be YY or MM. These two conditions have been
obtained and proved fully fertile in both sexes (Fig. 6). Moreover, the
poseibility of introducing M into females allows one to measure its linkage
relations with markers of the same chromosome [28].

The cross-over rates obtained in test crosses of females carrying M
in opposition with the markers bwb, ge, pcv have been as follows: bwh~M > 50%;
£8-M = 41.8%; pev-M=8.01%. The order is bwb, ge, pcv, M. The cross-
over rates have beenpractically coincident in families obtained from XV and
from XX females.

It has been hinted before that F does not comply with the requisites of a
gene. In fact, repeated attempts to amsess its linkage relations have failed:
furthermore, evidence exists that it can split up into parts of lower valence,
giving rise both to unbalanced phenotypes {intersexes) and to new sexual
formulae,

Crosses of flies of either sex from the bwb YY strain provided, in the
early generations of the strain, progenies with sex ratios in agreement with
expectation on the hypothesis that both sexes carried two Y chromosomes
and that a normal sex ratio was ensured to the strain by a dominant factor
carried only by females in the heterozygous state (female heterogamety for
dominant autosomal factors). Males of this strain crossed with standard
females gave regularly only male progeny, as expected. Howewver, by the
2Tth generation, some bwb YY males gave unexpected female progeny when
crossed with standard females; each male gave similar progenies with
different females, and the observed ¥, sex ratios ranged from males only
{as expected), to normal sex ratio to excess of females, and to females only
{Tables V and VI).

It was assumed that genetic recombination had altered the distribution of
the factors symbolized by F, leading to various loads of female-determining
factors in the population, and that some males could carry parts of F, in-
sufficient to overcome the action of their two Y chromosomes [29]. Support
fer this hypothesis has been provided by the establishment of a strain
(YY M86) in which both sexes still had two Y chromosomes, but according to




TAEA-SM-138/54 391

TABLE V. PROGENIES OBTAINED FROM MALES OF THE 27th AND
28TH GENERATIONS OF THE bwb YY STRAIN CROSSED WITH
STANDARD FEMALES

The appearance of females is unexpected and shows a change in the strain
{Ruhini, P.G., unpublished data)

o9 standard X J0° bwh ¥YY

Progeny
Generation of %
Type of mating
1
parantal o 99 o jsieg
++
Fiy mass culture 2929 3864 103 62.36
Fyy single pairs
{5599 305N 1036 2218 9 67.97

TABLE VI. RESULTS OBTAINED FROM MULTIPLE MATINGS OF
MALES OF THE bwb YY STRAIN, Fyz, WITH STANDARD FEMALES
The composition of the F; families ranged from males only, as expected,
to females only; each male has given consistent results with different
females

{Rublni, P.G., unpublished data)

9% stendard X & bwb YY Fy,

No. of parents F; progeny
Campesivion of
F, families o’ 29 dd 29 od %
++

o
g’ only 10 15 860 - - 100
Excass of o' ki 1T aua 115 1 83.97
Regular gex tatie 10 i€ 709 682 6 50.78
Excess of 22 2 5 41 215 3 15.83
99 only 1 1 - 24 - 0.00
Total a0 5 2218 1036 2 87.97

all evidence the sex alternative was provided by a fraction of F, called F?!,
carried in a double dose by females and in a single dose by males. In the

YY MB6. strain, male heterogamety had been re-established and sex was
controlled by a balance between sex chromosomes of the Y type and auto-
somal factor(s). The balance however was not fully effective and stable, and,
by the tenth generation, some intersexes appeared; their frequency in-
creased in the following generations, while the sex ratio shifted progressively
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in favour of the females, an increasing proportion of which provided pro-
genies which did not conform to expectation. The strain eventually ended at
the 20th generation, when only females and a few intersexes appeared
(Rubini, personal communication) (Fig. 7.

The decline of this strain has certainly been due to genetic heterogeneity
and to greater fitness of some new genotypes, which spread into the strain
and reduced the probability of the appearance or of the survival of male
Zygotes.

Summing up, we now have consistent evidence for the existence in the
house fly of at least five sex formulae as follows:

29 Jd hetercgamety
1 Standard : XX mm ff XY mm ff male
2 Atypical-M III : XX mm ff XX Mm ff male
*3  Atypiecal-F 1 XX MM Ff XX MM ff female
H : XX Mm Pf XX Mm ff female
' 1 XX mm Ff XX Mm ff female
4 bwbYY : ¥Y mm Fm ¥Y mm ff female
¥Y MBs : ¥YY mm F'F? YY mmF'f male

The valence of the known factors can be graded as follows: ¥>XXX {or
more X);, M>XXX; F>MM; F>YYY; F>MY; Y<PF'; YY>F!, YY<FIF,

Some of these formulae, namely Nos.1, 2 and 3, are quite stable,
while those experimentally obtained in establishing YY strains are in-
completely balanced and the populations carrying them tend to reach new
genetic equilibria,

Autosomal sex factors are especially exposed to selective pressures
acting on linked genes and so complex adapiations involving the selected
trait and sex factors are expected. Examples of correlated adaptations are
provided by a series of three atypical strains in which the development of
DDT-resistance has been concurrent — to all appearance — with a shift
from male to female autosomal heterogamety [30] and by a case of complete
Teplacement of XY males by the atypical XX type in an Australian strain
submitted to DDT-pressure [16]; according to Hiroyoshi twe Japanese field
populations [15] provide evidence of linkage between a viability factor and a
male determinant linked to the bwb locus,

This picture is complicated enough, but it does not give the full story
for the house fly, In fact, Wagoner {31] in a strain from Australia found
evidence for autosomal male-determining factors on chromasu{)mes II, III and
V, each factor being adequate to ensure full male development; and Kerr
(18] found evidence for a M factor on the II chromosome of another Australian
strain. Dr. Vanossi (personal communication) has good evidence of congistent
and conspicuous shifts of the sex ratios in 'sister' cultures ohtained from
subsequent batches of eggs laid by females of a gpecial line,

The standard and the twa atypical strains (numbers 1, 2, 3 in the list
given above) do not show any impairment of fertility and their sex formulae
have remained unaltered for years. Onthe other handthe YY strains areto
some extent bioclogically impaired and genetically not balanced, at least at the
level of the sex formulae.

* The three formulae may coexist in the same population.
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40

10

5 ;] 15 gonarations

#16.7. Directional chenges of sex ratio in a YY strain of house fly, The proportion of males in the bwb ¥Y M86
strain of house fiy has ranged aronnd normality for six g tions; sub ly a progressive shift of sex ratlo
in favour of fernales has brought the strain to extinction. From the tenth generation ottward some intersexes
have been observed.

(Rubini and Franco, 1968 [27]; graph unpublished).

All strains discussed above, with the exception of strain YY MB86, have
normal sex ratios, ensured by one of three types of heterogamety in one sex,
When crosses are made between these strains, in most cases the Ty hybrid
progenies have normal or peculiarly distorted sex ratios (Fig.8); but four
out of sixteen crossing combinations, however, produce only male progeny,
as shown in Table VII.

Males with two ¥ chromosomes and males MM (homozygoug) obviously
produce only one kind of sperm, carrying either the ¥ chromosome or the
M factor respectively (allowance being made for non-disjunction), which, on
fertilization of egge produced by females from standard or atypical M sirains,
will produce only male zygotes withbut impairment of fertility. These males
are perfectly normal, sud, being F; hybrids between relatively inbred
strains, may show some degree of heterosis.

If the sex formulae of natural populations are known, control operations
based on the sterility principle may make use of a release of males from
strains giving with the local females only male progeny.

Sexually competitive males giving only male progeny released under
favourable conditions might in one generation reduce to a minimum the
number of females available for ensuring the next generation. If these
males should be used in control operations based on induced sterility, the
danger of partially sterilizing doses would be cancelled out by the fact that
any 'leakage'! of fertility would produce only males,
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? XX FIHMM x o XY f mm
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& X

Xtm %% Xx 1f Mm
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XX FtMm x o XY ff mm
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F1G.8. Most females of strain Atypical-F are homozygous for the male factor M; some are heterozygous.
Crosses with standard males prodece Fy families with sex ratios respectively 19 : 1 or 59:8d" The zygotic
combinations leading to these ratios are shown in the bodies of the chess-boards below.

(Mileni et al., 1967 [9], modified).

TABLE VII. SEX RATIOS OBTAINED IN CROSSES BETWEEN STRAINS
WITH DIFFERENT SEXUAL FORMULAE

Ratios between brackets are expected when flies from strain atypical-F
are heterozygous Mm instead of being homozygous MM

(Milani et al. [9], modified)

d" Srandard o' Atyp.-F oMU o bwb YY
¢ Standard 1:1 Jd" only 151 . oo’ only
{1:1) ’
? Atyp.-F 1:1 1:1 1:1 1:1
(52 :8en (59 :30°)
? MIn 1:1 o'd” only 1:1 oY only
{1:1)
2bwb YY irl 1:1 1:1 1:1




IAEA-SM-138/54 395

But the most direct and reliable use of the practical potentialities
provided by the various sex formulae of the house fly seems to reside in
the use of Fy hybrid populations composed of males only for sterilization and
release; this would reduce the cost of operations at all stages, would pro-
vide a more standardized material, and in additlon would eliminate the
disadvantages of releasing both sexes,

Planning, with the available knowledge and material, the genetic conta-
mination of natural house-fly populations, leading to their self-destruction,
still requires much caution. Even if the genetic equilibria of natural popu-
lations could be temporarily altered by the introduction of incompatible
genetic factors, new equilibria are likely to be selected. Furthermore, we
have evidence of already existing fly populations affected by genetic imbalance
at the level of sex determinations. A high frequency of intersexes and/or
of gynandromorphs has been described in field populations [32-34]; large
distortions of gex ratio, usually in favour of males, have been recurrently
recorded both for fleld and laboratory strains, without obvious signs of
impalrment,
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DISCUSSION

H. LAVEN: You have compared the sex determination of house flies
with that of Culex pipiens, for which it is generally assumed that sex is
determined by a single gene with two alleles, M =maleness, m = femaleness.
May I remind you that in Culex pipiens we know of one further gene involved
in sex determination in another chromosome. Sex determination and sex
ratio determination are such fundamental functions in an organism that we
can assume a priori that they are determined by polygenic systems. It is
dangerous to assume that such systems could be used for control. Sex ratio
distortion in Aedes aepgypti can serve as an example.
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R. MILANI: It seems to me that the analogy with Culex is still valid,
at least as far as the M factor is concerned. Regarding the other comments,
I thank Professor Laven for having given to the audience roughly the
same conclusions as are to be found in the text of my paper, and which I
omitted to read owing to lack of time. I think that the potentialities of
knowledge of sex determination for the genetic control of the house fly are to
be found not so much in their direet usge in control operations as in the
integration of conventional ster{lization methods, A release could be made
either of F, populations composed of sterilized males only or of males which
would produce with local females a progeny of males only. These points are
discussed in the paper.

L.E. LaCHANCE: I am afraid I must disagree mildly with the pessi-
mistic point of view that it would be impossible to use sex ratio factors in
insect control proegrams. It might be dangerous to rely solely on this new
technique, but I think It might be integrated very nicely into a conirol
program. I would not be pessimistic merely because polyfactorial inheri-
tance is concerned; after all, if animal and plant breeders can make use of
such factors, so can entomologists.
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USE QF CHROMOSOME REARRANGEMENT S FOR MOSQUITO CONTROL.

The release of males, partlally sterilized by rranslocation heterozygosity, has been suggested a3 a
means of controlling Musca domestica and certain mosquitc species in which Irradiation-sterilized males
are non-competitive, This model of genetic control is examined and several arguments ate advanced
favouring the rejection of this approach as s practical means of pest control, They include the following:

(1) Problems arising from tnass rearing partially sterile translocation heterozygotes and culling out the fertile
segregants, as well as from the necessity to separate the sexes In some cases, e. £ 3UTOSORIE=AuLOSHME LrANS™
lecations. (Z) A mote serious problem relates to the plateaued response following the release of partially
sterile insects such that no advantages result comparable with the swamping effect that normally develops
aftet successive releases of fully sterile Insects, (3) Genetic equillbrium conditions lead to rapid removal of
translocation heterozygotes.

An alternative use for translocations, {nvolving the release of multiple translocation homozygotes which
are viable and fertlle, is considered, Partcular reference is made to mosquito species and thefr small number
of chromosomes. Theoretical arguments, together with computer simulation studies, suggest that it may be
possible to introduce a permanent genetlc mortality of the order of 509 inte natural populations, A more
sguificant benefit relates to the possibility of manipulating the genetic composition of natural populations
to remove insecticide resistance genes or introduce conditional Iethals in 10 generations or less,

Semisterility, induced by chromosome translocaticn heterozygosity,
provides a basis for several models of genetie control of insect pests. The
release of semisterile males has been suggested as an alternative to
radiation-induced sterile insects for mosquito control where radiation
reduces competitiveness of males [1,15), This use of translocations is
gignificantly différent from the approach of using viable homozygous irans-
locations intreduced by Serebrovksii (2] and Curtis [3] and discussed by
Curtis and Hill [4] for tsetse fly control and by Whitten [5] for control of
gome other higher Diptera. It is also significantly different from the con-
ventional sterile-male approach. One objective of this report is to
demonstrate that it is misleading to group all the various translocation
systems under a single heading. The genetic principles involved are often
quite different and the goals of the p}‘ograms are alseo ofien quite different.
In some instances a program aims at the reduction in numbers of the pest,
in others it relies on the replacement of a pest strain by a less objectionable
form. It ie not my intention to suggest that some approaches will wark
while others will not. Rather I will attempt to rank the different approaches
on some scale of efficiency and show that current programs emphasize
systems of control which rank low on this scale. It follows that if it is
demonstrated, in the meanwhile, that one of these less efficient genetic
systems can lead to population control then we are in a very favourable
position indeed.

Let us now look at the systems which involve the release of males
rendered semisterile because they are heterozygous for one or more

399
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GENETIC LOAD PRODUCED AFTER RELEASING STERIE MALES
AND TRAMNSLOCATION HETEROZYGOTES
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FIG.1., Genetic load produced after releasing sterile males and translocation heterozygotes,

translocations and see how they compare with the conventional sterile-
male technique.

If sterile males are released in the ratio r :1 into a natural popula-
tion the zygotic mortality or genetic load is equal to r/{r +1). If the
released males have a semisterility, s, i.e., (1 -s) of their progeny
survive, then the load induced is r.s/{r +1). The curves relating load
o release ratio are gimilar for fully sterile and semisterile males (Fig. 1)
but there is a notable biological difference between them. When s=1, i.e.
the males are fully sterile, the load increases with r. With successive
releases the natural population deelines causing r to increase. In time
the load r/{r +1)—» 1. The releases become more effective until eventually
the population is eliminated. Thus ermerges the well known fact that the
sterile~-male method lends itself to programs of eradication father than
simple control.

Where we are releasing translocation heterozygotes & cannot be near 1,
otherwise we could not maintain the strain, let alone provide sufficient
insects for release. This restriction imposes probable values on s in the
range 0.3 -0.7. Even if we assume it is feasible to supply large numbers
of males for release when s = 0.7, the continued release of these males
cannot increase the load above 0.7 eince r.sf{r+1)— 5 as r - «. Thus,
uniike the release of sterile males, there is no incentive {o increase r by
releaging large numbers of semisterile males or continuing to release
them. Inspection of Fig.1 shows that for s = 0.7 an increase in r from
10 to 10 000 does not effectively increase the load (0,64 - 0.7). When
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5 =1 the same change in r increaseg the load from 0.8 to 6. 9999 which is
a highly gignificant increase. This latier change in r would lead to the
extinction of many populations.

If it were possible to displace completely normal males in the popula-
tion with translocation males, then the continued presence of the inherited
semisterility and the possible depression in population size that it may
generate could, in part, offset the disadvantage I have déscribed. However,
" when normal males and Y-autosome semisterile males are mixed together
in 2 population the only equilibrium is the trivial one of fixation of normal
males. It seems most improbable that we could find realistic conditions
where a Y-autosome franslocation could become fixed in this manner. Laven
[1] has argued that the greater efficiency of the Y-autosome males he used
had only a slight effect on the reduction in the population. However, in the
absence of their artificially induced efficiency, the Y -autosome males would
be quickly eliminated by natural selection. If their sterility is s these
translocation males would require a virility in excess of 1/stimes normal
for them to be favoured by natural selection,

Further problems may arise in preventing the fertile females that are
cultured aleng with the semisterile males from being released with the
males. A serious culling problem presents itself if the semisterility
stems from autosome-auiosome transleocations as in some housefly projects
[18] since here half the males will not carry any translocation and will be
fully fertile. These males could be readily removed with conditional lethals
{e.g. white eyes) but it still leaves us with the problem of producing sufficient
males from a colony where only one quarter of the insects are of the ap-
propriate genotype and the culture is fairly sterile anyway (s being about
0.7). The prospects of replacing normal males in a population with males
carrying autosomal translocations only are zero because half the male
offspring from the latter are normal. Furthermore, the loss of transloca-
tion males through natural selection will be extremely rapid. If their fre-
quency is p in one generation it will be p.s/2.(1 - p(1 - 8)) in the following
generation. Consequently their impact must be very short-lived.

The pertinent question to ask is: How does the translocation hetero-
zygote gystem compare with the conventional sterile-male system ? Since
we cannot release translocation heterozygote males which are fully sterile
we should compare their competitiveness with males sterilized to the same
degree with irradiation and not, as is common practice, with fully sterile
males. It may be the case that fully steriie males are not competitive
{though this is by no means a closed case), but are males not competitive
who are sterilized with irradiation to a level of 50%, 75%, 95% or even
99% ? This study has not been carried out and it must be before a proper
comparison can be performed. For obvicus reasons, if a rmdle which is
gterilized by irradiation in excess of 70% is competitive with normal males,
then a control program making use of him would be more efficient than one
using a translocation heterozygote.

So far we have considered the use of translocations either where
homozygotes are not generated (i.e. y-autosome), or where, if homo-
zygotes are generated (i.e. autosome - autosome), they are inviable,

A number of the problems which I have indicated to arise in these cases
can be avoided if we use translocations that are fully viable and fertile
as homozygotes. 1 would like to consider four exampleg in this
category.
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Example 1
Male Female
ot T TX.2)
Genotypes I TX.D) T T(X,2) T(X,2)
Fitness W1 Wa Wy Wy Wag
{Sample values) 1.0 0.5 1.0 Q.5 1.0

In this instance, involving a single exchange between the X chromosome
and an autoscme, an unstable equilibrium exists [7,8]. Thatis to say,
if we have a mixed population consisting of normal individuals and trans-
location homozygotes the two types cannot coexist, One type will replace
the other. Which type will succeed depends on the initial frequencies.
Using Wright's termineclogy [8] we have

_ WQZW2 -0.5“&2{W1+W2) _ W.Iq_g:,gg
QEgg - and 4 =
Wi Wy - W (W + W) twow, Sperm . w G.egg +w,{l- qegg)

where § is the unstable equilibrium value. Xor the fitness values agsigned,
Hegg = 1/6 and Qeperm = 2/7. A single release of the X-autosome transloca -
tion strain, both sexes included, in excess of the equilibrium value {r > 5})
should lead to a frequency dependent displacement of normal males by

the transiocation heterozygote males with an associated load around 0.5,
If this permanent load is sufficient to depress population size then the
approach may offer theoretical advantages over the release of fully sterile
males. However, natural selection would tend to oppose the system by
reducing the level of sterility of the translocation heterozygote but there
is no a priori means of determining if it could successfully achieve this.

It is relevant to note that if ¥Y-autosome translocation males can lead to

a population decline then X-autosome males can cause a similar decline
with the expendiiure of less effort since fewer insects need he released.
Both these models assume that the transloeation is inseparably attached
to the sex locus and this may be very difficult to achieve.

Example 2
Y
The second examplie [ would like to consider combines an autosome-
autosome translocation, i.e. T(2, 3), with an X-autosome translocation
giving the genotypes and suggested relative genetic fitnesses as follows:

Males Females
+ T(X,2,3) +  TX,2,3) + T(X,2,3) T(X,2,3)
Genotypes ¥ T(2,3) T(2, 3) + ¥ + T(X,2,3)
Relative 1.0 0.5 0,5 0.25 1.0 0.25 1.0

fithess
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Once again an unstable equilibrium exists at the same point as in
Example 1 {i.e, when r = 5). Table |l shows changes in genotypic fre-
quencies in successive generations after a computer simulated release
in excess of the unstable equilibrium peint. The liberation of fertlie
insects leads initially to a population increase, hence the negative genetic
load, followed by a permanent load around 0.5, This load results from
the fixation of males heterozygous for a T(X, 2) translocation.

Sa far we have achieved a similar result to that provided by Example 1.
Another significant change has also occurred. We have, in efiect, re-
placed the native genotype with a translocation type for all three chromo-
somes in 8 generations, By the appropriate use of translocation break-
points and inversions we have available a means of rapidly introducing
genes into the native population as first suggesied by Curtis [6] . We
could remove insecticide resistance, infreduce conditional lethals, e.g.
temperature-sensitive lethals [5], or could change frequency of genes
for the inability to transmit disease. In other words, in addition {0 any
control achieved directly from the load of 0.5 we have available another
useful tool in the form of genetic manipulation,

Suppose successful control relied on geneiic displacement of some
undesirable genotype (e.g. vectorial ability) from some designated region.
A serious problem may arise if that region represents part of a larger
and more or less continuous population rather than an isolated or nearly
isolated population. For the displacement to be stable and hence the con-
trol system durable, the density of the released form would need to be
some 5 times greater than the native strain's density, at least along the
border where the 2 forms make contact; otherwise the boundaries will
collapse leading to the elimination of the released sirain. Partial isocla-
tion would be a sgufficient condition for stability provided that migration
was less than 17% (i.e. q < 1/6). The released strain would carry a
genetic load of 0.5 which would act towards reducing its density, causing
it to fall further short of the equilibrium value. This fact argues against
the introduction of a permanent genetic load through sex-linked transloca-
tHions except for isolated or semi-isolated populations where the whole native
populations can be displaced by the initial introduection.

Example 3

I would now like to congider the use of multiple translocations, not
involving sex-linkage, to show how we might be able to introduce high
genetic loads which persist for 5 or 6 generations which at the same time
would permit genetic manipulation. ~-In this instance it should ke possible
to displace insects from segments of a much larger population without the
danger of rapid collapse of the boundaries as predicted for the previous
itwo examples. Here the unstable equilibrium is around 0.5. This implies
that the synthetic strain be equally as dense as the surrounding native
population for boundary stability. This conditionis likely to be satisfied
if control is achieved by the removal of some properiy such as vectorial
ability. It would not be satiisfied if control operated through some genetic
load or a reduction in population size following ingecticide treatment over
the displaced area, a move made possible by the removal of genes for
insecticide resistance, This latter situation was considered elsewhere {5]
and it was suggested that either a buffer zone be established along the
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boundary of the release area where the insecticide is not used or that
the synthetic sirain be released repeatedly along theseboundaries to
maintain stability.

Curtis has considered the use of single translocations in {setse fly
both for direet population control through the presence of partially sterile
insects [3,4] and for indirect control by removal of derirable genes [6] .
For most species of insect the genetic load from the release of a strain
carrying a single translocation would be too low 10 reduce population size
appreciably while the rate of gene displacement in these circumstances
{over 30 generations to introduce a desirable gene) is probably too slow
to recommend its usage, If these approaches are to become available
for many pest species it will be necessary to consider the development
and release of multiple translocatlon strains. Their advaniages and prob-
lems in their development have been discussed in more detail elsewhere
[6,13]. It was argued that the release of (n-1) strains each being homo-
zygous for as few as 2 translocations might lead to genetic losses of the
order {n? - 1)/n? persisting for up to 6 generations. This follows from the
fact that most individuals, {n-1}/n, would be heterozygous for 4 or more
tranglocations and therefore virtually sterile. As n, the total number of
strains, increases, the proportion of hybrids {n-1)/n increases. If the
average sterility of the hybrids is & then the load is of the order s(2-8)-2(1-s)n,
which tends to s(2-s) for large n {fi.e., n = 10 or more). On the other hand
the release of a single strain, TT, homozygous for a suificient number of
translocations to render hybrids sterile, could allow rapid introduction of
desirable genes (5 - § generations),
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Since the digplacement process just described requires a release above
the equilibrimm value it would suggest that releases need exceed the native
population in gize to take advantage of the frequency-dependent selection.
This feature mitigates against the model and it contrasts with meiotic drive
models where it has been assumed release of large numbers is not essential
but 2 mere seeding of the native population is sufficient. There is a possible
solution ta this problem if we combine a model described by Wehrhahn and
Klassen [8] with one described by Whitten [5,13]. One such composite
gcheme is outlined in Fig.2, Three insecticides D, B and C are employed
in the program, TT being resistant for D but susceptible for B and C while
the field strain is susceptible for D only. TT is released in low numbers
while insecticide D is being used. It is easy to show that T will increase
in frequency despite its frequency-dependent disadvantage following the
small release so long as its resistance to insecticide D provides it with
an advaniage greater than the reciprocal of its frequency. For example,
suppose the release ratio, r, of TT to the native form AA ig 0.1 then the
insecticide resistance of TT would need to provide it with a more than
10-fold selective advantage, to allow it to exceed the unstable equilibrium.
An advantage of this order seems quite likely for the conditions described.
After several generations of treatment with D its own frequency advantage
should allow the released strain to proceed to fixation without further
application of D, Insecticide B could then be used until resistance to it
develeps. When resistance prevents further control with B, the original
AA strain whose resistance type is D%; BS; CR ig released and insecticide C
is used to permit rapid displacement of TT. Thus insecticide B becomes
available once again (Fig.2). And so the cyele could continue without any
need to develop new stirzins or insecticides. It is quite possible that 1 or 2
generations' usage of insecticides C and D would be adequate to boost the
frequency of the liberated strain above the eritical equilibrium values.
Insecticide B would be used for as many generations as the field insects
remained susceptible and in essence would constitute the major control
measure in this instance. Where 3 insecticides were availahie C and D
would be the least acceptable of the group while B would be the insecticide
whose contribution to environmental contamination is minimal. Since the
scheme envisages permanent life for insecticide B, hopefully we could
develop a highly specific biological compound similar in action to that
described by Slama et al. [17] with Iittle fedr of its obsolescence through
the development of resistance.

An aliernative scheme involves the release of 3 multiple transloca-
tion straing Ti;, Tyg and Tyy and two insecticides combined in the following
patiern: ~

AA and Ty, being D5; CR

Tea and Tsy being D*; 5 where AA represents the native form

Tez is released and established using insecticide D in the way described
above until it is the common form. T, is then established with insecticide
C which also acts to reduce the frequency of Tss while at the same time
restoring the frequency of AA, On the final swing of the pendulum Ty is
introduced with insecticide D. By this stage all 4 strains are present
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FIG.3. Multiple translocation strain involving 4 chromosomes and 6 rearrangements.
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FIG.4, Muitiple translocation strain involving 3 chromosomes and 6 rearrangetments,

producing a load of around 90%. The occasionzl use of insecticides D
and C should maintain each strain in the population so that the genetic
load imposed on the population by the presence of ¢ incompatible strains
is around 94%, This latter scheme relies predominantly on the genetic
load rather than insecticides for control and on this count would appear
preferable, «

The important question we must now ask is: Do mosquitoes have
sufficient chromosomes to allow adequate chromosomal rearrangement
for the heterozygotes to be sterile? Our current understanding of chremo-
some mechanisms does not permit a reliable answer. Davidson et al, [10]
suggest that the sterility in (species A X species B) hybrids of the Anopheles
gambiae complex is in part chromosomal, i.e. due directly to mechanical
effects of rearrangements, Presumably the greater part of the sterility
is derived from gene-determined asynapsis. 1am not aware of an example
in mosquitces where a sufficient number of rearrangements have been ac-
cumulated io provide total sterility, However, the scarcity of rearrange-
ments in mosquito species is not too surprising because mosquito popula-
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tions do not appear to have properties that readily allow fixation of trans-
locations [4,16] . Where these properties do exist, i.e. frequent popula -
tion bottlenecks and low vagility, translocations arise and become fixed
frequently {11] . Four translocation homozygotes in Drogophila virilis
that I have examined do not show any obvious reduction in fitness (Whitten,
unpublished). Burnham and Stout [12] have demonstrated hybrid sterility
in maize following incorporation of artificially induced translocations into
viable homozygous sirains. From these and other lines of evidence we
can reasonably infer that translocations need not involve adverse side effects
and their scarcity in a particular group of insects probably reflects demo-
graphic features of the group rather than some intrinsic feature of their
karyotype.

Where the karyotype contains few chromosomes as in mosquito species
it may prove difficult to find the right pattern of rearrangements to induce
hybrid sterility. Two hypothetical exampies are given for 2n=8 and 2n=§,
both involving 6 rearrangements to indicate how we might approach the
problem (Fige.3 and 4), BRoth arrangements appear sufficiently complicated
to cause high sterility. Their unpredictable behaviour may force one to
generate many translocations and select those with the desired features.
However, there is really very little profitable theorizing we can engage
in until these studies have been attempted.

it is not essential for the hybrid to be compietely sterile for rapid
displacement, though the question of leakage of the gene being removed
through the hybrid to the displacing strain is very important. Thig prob-
lem suggests that optimal strategies lie in the field of introducing condi-
tional lethale such as temperature sensifivity rather than insecticide
resistance. A low leakage of the former would be insignificant while it
could mean the difference between success and failure in the Iatter,

Once we have developed a single strain with sufficient rearrangements
we then have a very powerful tool for genetic manipulation, either giving
permanent life to acceptable insecticides or pProviding indirect control by
rapid introduction of conditional lethals. These advantages are so far -reaching
that I feel the onus should be on us to demonstrate for sach insect pest why
it is not pos=ible to synthesize multiple transloeation strains or look for
alternative means of providing sterility. The effort in developing the strains
may be considerable but in comparison to developing a new insecticide or
other control approach it may prove well worthwhile.

Example 4

Each of the preceding three examples is deficient in some manner when
we relate them to the special conditions of mosquito species. [ would now
like to deal with a special type of translocation which avoids many of the
problems described above and is particularly relevant to mosquito species
as their cytology suggests that they are admirably preadapted to this
approach,

E. Lewis at the California Institute of Technology has synthesized
a class of chromosome rearrangements in Drosophila melanogaster known
as compound chromosomes. In these strains both left arms of a particular
autosome pair are atiached to one centromere while both right arms are
-attached to the other centromere. The method of synthesis need not concern
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us here other than to say it should be possible to synthesize compound
chromosomes for either pair of autosomes in mosquitoes, Compound aute-
spme strains breed true and are fully viahle though their fertiiity is about
25% of the wild type. Such strains are completely genetically isolated from
the original type because hybrids between them and the original structural
types die in the embryonic stages, Kozhevnekov was so impressed by this
fact that when he synthesized a similar sirain from D. melanogaster he
calied it D. artificialis [14].

If we can place any credence on the predictions of population genetics,
the cutcome of mixing a normal strain with a compound strain will be a
frequency-dependent phenomenon. If the initial frequency of a compound
strain exceeds 75% it should proceed to replace the original type. A lower
frequency will lead to its own replacement. The replacement should be
essentially completed within 6 generations. Cage experiments with
B. melanogaster are now in progress to confirm these predictions. A
summary of this work, together with details of synthesis of compound
strains, will be published elsewhere. Suffice it to say that the cytogenetics
of mosquitoes, few chromosomes with ceniromeres centrally located, appear
to provide us with a tailor-made candidate for the synthesis of compound
chromosomes.

Before we proceed to envisage control systems involving compound
chromosomes it is necessary to describe a particularly important advantage
of compound strains. It is poseible, and has been done often in Dresophila,
to replace the whole genome of the compound stirain by the gencme of the
structurally wild-itype strain in virtually a single step. In other words,
once we have developed a single compound strain for each pest we can
replace its whole genome with that of individuale from the area where we
would like fo make our releases. This opportunity is not available for
Example 3 where a strain isolated from the original by a series of rearrange-
ments is rather useless if it does not already contain the appropriate geno-
type before isclation was commenced. A similar obstacle prewvails in the
cases of naturally occurring cytoplasmic incompatibility., What we should
be able to do, then, is construet a synthetic incompatibility strain with a
genotype identical to the one we wish to displace. A similar genotype should
entail a similar ecotype without any mating barrier once the sirain Is
released. It is improbable, for very good reasons, that eytoplasmic in-
compatibility ean realize this eobjective. A single release of the compound
strain in excess of 4-fold of the natural population should lead to the latterts
replacement in a small number of generations, Providing an artificial
fitness to the compound strain with insecticide resistance as desecribed
for Example 3 may allow a signifieant reduction in the numbers of the
compound strain needed for release,

The mere displacement of one population by a similar one does not
constitute control, However, if we can do this we are in a position to
introduce conditional lethals (insecticide susceptibility or temperature
sensitivity as is discussed by R.H. Smith in Paper JAEA -SM-138/24
of these Proceedings), or preferably it allows ug to replace the vector
form by a non-vector form, This latter may sometimes involve merely
increasing the frequency of a genotype which already exists in the population
we propose to displace.

Finally, if the compound chromosome behaves in mosquitoes in the
way we observe it to behave in Drosophila we should be able to replace a
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natural population of mosquitoes with one that possesses a zygotic mortality
of 75%. The boundary stability of this population would be similar to that
described for Examples 1 and 2; that is, it is stable if the population is
isolated or if migrants do not exceed 20% of the population each generation.
A possible though unlikely outcome is that the 75% genetic load will depress
the non-vectorial populations to the point of extinetion and we might be faced
with the tagk of further releases, at least on a circumference, to protect
the vacated niche. Such a tasgk would be a pleasant one to attack.
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DISCUSSION

K. KRIMBAS: I would like to make the following peints with reference
to the problem of using translocations for insect control.

I think it is guite clear that we have to consider two important factors
in model building, namely the carrying capacity of the environment and the
fertility of the wild strains, For example, if we have a natural population
of 10 00¢ animals, but each leaves 100 individuals as progeny, then 99% of
the animals potentially produced die in nature by natural selection and
accidental death, By reducing the fertility by 50% we do nof necesgarily
reduce the natural population of 10000, which is the carrying capacity of
the environment. This is well described by the ideas of Bruce Wallace on
'soft! and Thard? selection. There is also a limit to the reduction in fertility
by translocations equal to (+)", where n is the number of linkage groups.

It should not be forgotten that Qenothera species survive quite well in nature
in spite of their translocations., I do not therefore quite see how we could
eradicate a natural population by means of translocations. As regards
1infecting! a natural population with undesirable genes transferred by the
translocation, we should not forget that natural selection will act at the

same time against them and probably prevent a translocation from establishing
itself.

M.J. WHITTEN: At no stage have | made any statement concerning the
level of zygotic mortality and its effect on population size. 1 have merely
assumed that if a certain level of mortality will cause a population decline,
then a higher level of mortality should accelerate the decline. My purpose
wag to compare the effort involved in applying the different translocation
systems to produce a given level of mortality, A system involving less
effort for the same level of mortality is assumed to be superior. On the
bagis of this criterion, Y-autosome systems do not fare well.

As regards your second point, you have misundersiood the genetic
principle of unstable equilibria, The only requirement is that the hetero-
zygote must be less fit than both homozygotes. When compound strains
are released, the fitness of the hybrid is zero. Ii follows that an unsiable
equilibrium eéxists, its value depending on the relative fitness of the native
form and the released compound strain, Natural selection is not the villain
of the piece., In fact, we require its operation for the successiul implementa-
tion of the program.

A.M. JORDAN (Chairman): Has the viability of the females from ah-
normally coloured pupae heen tested? Ina colony of flies carrying this
factor, would the females be suitable for use in the breeding stock?

M.J, WHITTEN: The black pu}a does occur in natural populations,
though at a low frequency. This, together with the results of viability and
fecundity studies we have carried out in the laboratory, indicates that these
females are fully viable and quite fecund. The stock carrying the sex-linked
pupal colour is true-breeding and consequently can be mass-reared
without any handling, If it were required, the females could be reoturned
to the breeding coloniss to boost the production of males for sterilization.
However it ghould be noted that the male is a franslocation heterozygote,
and his fertility is at a level of about 50%, which would offset the advantage
of having the females available as further breeding material.

A.M. JORDAN: If compound chromosome stocks crossed with normal
stocks produce no progeny, how can you introduce genes from the normal
stock into the compound stock?
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M.J. WHITTEN: Firstly, et me say that a complete genome from the
normal stock has been introduced into the compound strain of Drosophila
on a number of occasions. This operation is effected virtually in one step
by irradiating males of the normal stock and crossing these with females
from the compound stock. The only progeny produced are those resulting
from the fertilization of an egg by a sperm carrying a compounded left or
right arm which has been produced by irradiation. This simple screening
procedure provides us with a new strain carrying a genome from the normal
stock. I hope to be able to describe, in a paper to appear shortly, the
advantages and disadvantages of compound strains, together with the resuits
of cage experiments which demonstrate the important properties of these
straing,

L.E. LaCHANCE: I was happy to hear Mr. Whitten support the use of
fully sterile males in mosquito control programs, Early in the 1960s there
were several field tests which failed for one reason or another, and since
then the use of radiation sterilization for moequito control has more or
less been abandoned. I feel that we have learned a great deal about the
radiation sterilization of insects, waye of improving competitiveness and
many other developments in radiation biology. It is a pity that so few
people are interested nowadays in investigating the use of fully sterile males
for mosquito control. As Mr. Whitten has s0 neatly shown, it does have
advantages.

H. LAVEN: In my view, the release of heterozygous translocation
males would not be a practicable means of control.

It is very likely that we can inject a male translocation up ta the
saturation point, that is, we can replace all normal males in a population
by translocation males. When 1 left France last week we were well on
the way to that goal.

Further, I am not so pessimistic about the mass rearing of a strain
with males heterozygous for a tfranslocation. A strain with 90% sterility
can be built up to a production of 160 million males and females per day
in about six months, assuming an average egg production of 100 per female.

Moreover, male translocation systems present no problem with respect
to the culling of the sex with the translocation {male) by means of a mechani-
cal sex separator., In no other system has this difficult problen: yvet been
solved.

I am at present very hesitant about using viable homozygous transloca-
tions because of the extreme difficulty of measuring the population size
during a control program. In the case of male translocations, tests also
have to be made in advance of application in the field to make sure that the
translocation population cannot hecome homozygous through erossing-over
and give rise to a viable homozygous population.

M.J. WHITTEN: Your field experiments are very important and 1
think we should await their outcome before we weigh further the pros and
cong of the different points of view.

R. PAL: In mosquitoes the synthesis of & genome with all the required
attributes would take up conziderable effort and time. Furthermore, in
practice, repeated release systems have their limitations, so that a self-
propagating syetem would have a considerable advantage,

With respect to the point raised by Mr. LaChance, I would just mention
that the competitiveness of sterilized male mosquitoes is under active study
at the WHO unit in Delhi.
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M.J. WHITTEN: I feel you are suggesting that we need to include ail
the mechanieme ] have described into the ane stock for release. I was simply
outlining a number of potential applications. We do not anticipate the need
to combine several systems in one strain, In other words, it should not
be necessary to include insecticide suseeptibility, temperature sensitivity
and inability to transmit disease into the one stock. Let us suppose that our
straiegy is to replace a natural population which is polymorphic with respect
to its ability to transmit disease by a compound strain without this ability,
Our procedure would be to isolate individuals with the right genotype from
the field population and introduce their genotype into the compound strain
in the manner described in the reply to Mr. Jordan's question. In several
generations I hope we should be able to select the appropriate strain with
less effort than Mr. Pal suggesis.

I have tried to indicate that the establishment of compound chromosome
strains need not entail multiple releases, incontrast to techniques involving
Y -autosome releases or releases of sterile males. Once the vectorial form
has been displaced, we have a self-propagating system.

bB.W. WALKER: The displacement of a pest species by a non-noxious
species in approximately the same ecologic niche appears to be only part of
the potential of this methad., Yamamoto, Thorsteinson, Soo Hoo and others
have been working on methods of conditioning pest species to develop on
and to prefer pest species of plants rather than their natural hosts. Since
the former group of plants is undesirable from the point of view of man,
and the latier desirable, the advantages appear rather obvious. I believe
that this procedure should find application for Coleoptera, Diptera and
indeed most of the pest species of insects with monokinetie chromosomes,

M.J. WHITTEN: I think we have to be cautiocus ih our assessment
of how many species we could handle with the genetic systems I have out-
lined. Some schemes require relatively sophisticated techniques, and we
would be unrealistically optimistic if we believed that these would become
available for t0o many species, The house fly, the sheep blowfly {Lucilia
cuprina), possibly some fruit flies and, we hope, most mosquito species
may be suitable candidates, To include all species with monocentiric
chromosomes would be quite unrealistic, at least at this stage of our
knowledge of population genetics.

M. FRIED: I would just like to point out that a population which has
been reduced to a lower level will not necessarily remain at that level
or be eradicated. It depends entirely on what factors are limiting popula-
tion in that particular ecology.

M.J. WHITTEN: I agree with Mr. Fried that a reduction in the fertility
of individuals in 2 population may net cause a decline in population size,
and if that were our objective, the program could be useless. I was simply
suggesting easier ways of producing the same useless result!
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Abstract

SEMISTERILITY FOR INSECT CONTROL,

After the eradication of the screwworm fly from the sowrheastern United States by the use of
radiation-sterilized males, there was and stll iz great interest and enthusiasm for the sterility approach.
Unfortunately, the mutagenic treatment often reduces mating competitiveness, Many field trials have
failed and others have only led o satisfactery results by the retease of sterllized males jn ratios up to
100 ¢ 1 between sterilized males and normal males, Recent research on the induction of chromossmal
tzanslocations has shown that partial sterflization not only has the advantage that the treated insects
suffer a less drastic lack of competitiveness, but also that the surviving offspring of the treated insects
carry a high percentage of translocations, Translpcations in heterozygous condition lead to semisterility of
the carciers and are inherited from generation to generation. Data are presented on the comelation between
the degree of induced sterility and the percentage of inherited semisterflity, on the natwe of chromosomal
translocations and their mode of inheritance, Several possible ways of nsing translocations for the control
of insect populations are discussed, Further developments of the semisterility mechanisms are indicated,

Various genetical mechanisms have been suggested as potential
means for genetical control of noxious insects, especially for
mosquitoes [i, 2]. Most promieing are mechanisms which interfere
with the normal events during fertilization or embryonic development,
because they are as such hardly subjected to natural selection. One
such mechanism has been found as naturally occurring between popula-
tiong of some mosquito species groups, i.e. cytoplasmic ircompatibility [3].
It leads in interpopulation crosses to the prevention of syngamy after
fertilization. It has already been proven that this mechanism can totally
suppress the reproduction of a natural population [4].

Sterility induced by irradiation or chemicals should theoretically
have the same result, but unfortunately such mutagenic treatment often
reduces the mating competitiveness. All attempis to use the so-called
sterile-male technique against mosquitoes have so far failed or have
given doubtful resulis. Also the moest recent reports on outdoor cage
and field trials with chemosterilized male mosquitoes [5 - 8] are not
very promising. The extremely high number of sterilized males
employed in these experiments (uptto a ratio of 100 sterilized against
1 natural male)} and the comparatively low degree of suppression
achieved show clearly the lack of normal competitiveness of the ireated
males. Unfortunately in the last experiments reported, the authors
have ohscured the evaluation of the efficiency of the sterilized males
by destroying every day half of the eggs laid in the population. So they
have used two different methods for control simultaneocusly, bui they
ascribe the population reduction solely to the Influence of the sterile
males.

During the last two years we have concentirated our research
efforts on othér mechaniams which interfere with normal fertilization,
namely the production and evaluation of chromosomal tranglocations in
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FIG.1. Effect of different X-:ay dosages on dominant lethals induced in matute sperm of Culex piplens;
a = percentage of non-haiching eggs, total sterility: b = percentage of non-embryonaied eggs.

mosquitoes as possible means for their control. It is a well known
fact that animals which are heterozygous for a translocation have re-
duced offspring. The phenomenon has been termed semisterility,

As long as 30 years ago Serebrovsky [9] suggested chromosomal
tranalocations as prospective means for pest insect control., The
same idea has been expressed recently and independently by several
authors [1, 10-12]. Theoretical considerations [1, 13] seem to indicate
that the semisterility of translocation heterozygotes could suppress
natural populations under certain conditions. Experiments with laboratory
populations have already demonstrated that eradication is possible [14, 15]
and first field experiments are now being undertaken or considered for
the near future. A

In this paper data will be presented on the production of trans-
locations in different mosquito species, their isolationr and their nature.
The relative ease and high yield of production of these chromosomal
aberrations open the way for several different methods of their ap-
plication in control. These methods will be indicated briefly. Further-
more translocations can be used for the development of still more
effective genetical control systems. Some of these will be mentioned.

We have produced chromosomal aberrations in our experiment by
X-ray irradiation of 2- or 3-day-old males. One series of irradiations
has also been conducted with fast neutrons, but as the results are very
similar, they will not be presented here but in a subgequent publication,
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At the time of irradiation the males have already mature sperm.
If these males are immediately mated with normal fernales, all changes
in the chromosomes which become visible in the first or second generation
must have occurred in the mature sperm.

The immediate effect of the irradiation is the production of dominant
lethals in the chromosomes, either lethal mutations in gingle genes or
gross chromosomal aberrations like deletions or deficiencies. These
aberrations are expressed as partial or total sterility of the first
generation offspring. The percentage of lethal embryos is correlated
with radiation dosage. Figure 1 shows the degree of sterility in the
mosquito Culex pipiens for various X-ray dosgages (Fig.l, curve a).

This dose-~response curve is very similar to those for other mosquitoes
(Anopheles pharoensis [16]} and dipteran insecis in general {17}, It is
interesting to note that most of the lethal eggs show no sign of embryonic
development, indicating that most of the lethals act predominantly on

the first nuclear divisions (Fig.l, curve b).

Most of the non-lethal eggs develop normally and the resulting Fy
adults show normal vitality, at least under laboratory conditions. I
these remaining individuals are outcrossed to normal pariner, a new
type of sterility hecomes visible, now in the second generation after ir-
radiation. A certain number of the Ty adulis produces a reduced F,
offspring. This is due either to a chromosomal translocation or to a
pericentric inversion which originated in the sperm of the irradiated
males and became heterozygous in the F; individuals. In both cases
heterozygous individuals are semisterile bul from our investigations
we can conclude that translocations predominate.

We were in the first place interested to know how many translocations
can be produced with a certain radiation dosage. So all available F;
individuals were tested for semisterility by outereossing to normal
animals. Figure 2 showe the percentage of semisterile individuals of
Culex pipiens for different dosages up to 5000 K. With dosages between
500 and 3000 R only 10 - 20% of the surviving F; animails are semisterile,
but with dosages between 3000 and 5000 R the percentage increases
more raplidly to 50%. This increase of translocations can be explained
with the increase of two or more simulianeous breaks with higher
dosages.

Our figures of 30 - 50% translocations after application of 3500 to
5000 R X-rays seem to be exceptionally high, But they are characteristic
for mosquitoes as our figures for translocation production in two other
mogquite species, Culex tritaeniorhynchus and Aedes albopictus, are of
the same order of magnitude. Unfortunately, data on total translocation
production in other insects are non-existent or hardly comparable. In
Drosophila melanogaster only 14.78% translocations between all chromo-
somes have been observed after application of 4452 R X-rays {18].

In more recent experiments, however, 14.3%9% translocations have been
cbserved only between the second and third chromosome with 4000 R
v-rays [18]. Whether these almost identical figures on the dne hand

for total translocation production and on the other hand for translocations
between chromogomes two and three only are due te the quality of the
radiation applied {X-rays and y-rays) or due to technical differences in
the screening method is an open question. In any case our results are
rather outstanding and it remaine to be seen whether mosquitees are
exceptional as regards the induction of translocations.
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After we had collected these basic data on total translocation produc-
tion we conducted several experiments with a standard dosage of 3500 R
of X-rays with the aim of characterizing the translocations as regards
chromosomes involved and degree of sterility. In one experiment 136
irradiated sperms were tested and 44 different translocations could be
isolated. The sterility obtained for these 44 translocations in the Fg
generation varied between 12 and 76% (Fig.3). There is no obvious ac-
cumulation of the sterility percentage either around the theoretical value
of 66% or the most probable value of 50%.

All 44 translecation lines were maintained for several generations.
The average degree of sterility in each line was constant from generation
to generation with a variability of plus or minus 10 - 15% between the
offspring of different parents of the same line. In two cases a slight
increase of 4 - 5% of the sterility has been obsgerved after outcrossing
of certain translocations to an unrelated strain. Experiments to raise
the degree of sterility in certain lines by selecting the offsprings with
the highest sterility have so far given no clear results.

By an adequate sereening technique, i.e. outcrossing up to the third
and fourth generation and following the mode of inheritance of the semi-
sterility, for 31 out of the 44 lines the type of translocation involved
hag been egtabligzhed. Culex pipiens has only three almost metacentric
chromosome pairs. One of these pairs must be the one which carries
the sex-determining factors M for maleness, m for femaleness, Males
are heterozygous M/m, females homozygous m/m. According to this
chromosome complement three different kinds of translecations are
posgible, (1) a translocation between the M-chromosgome and an auto-
some, (2} a translocation between the m-chromosome and an autosome
and (3) a translocation between the two autosomes. Qut of the 31 trans-
locations analysed 7 were of the first kind, TM-translocations, 3 of
the second, T™, and 21 of the third kind, T? (Fig.4). The first type of
trangslocations is inherited only through the males, because these are
all the tirne heterozygous for the sex chromosomes, the translocation
remaining permanently in the heterozygous condition, So all males in
these lines are constantly semisterile from generation to generation.
T™ -translocations are inheriied through males and females, Males
cannot, but fernales could, become homozygous for such translocations.
The third type of translocation is inherited equally through both gsexes
and it could become homozygous in both sexes,

Our attempis to make the autosomal translocations homozygous
have so far met with only a limited Success. Only iwo out of the 21 have
become homozygous. In this way the semisterility disappears and the
line continues with full fertility, However, outcrossing with any normal
line, again translocation heterczygotes are produced and lethalify furns
up again in the following generation,

It seems to be appropriate to mention at this point that we have
verified the nature of the translocations by cytological invesiigations
for about 10 of all the lines we have. With the aid of salivary chromo-
some preparations the position of the break poinis have been exactly
defined. Investigations are at present being undertaken to find out
whether the size of the translocated pieces and the degree of sterility
are correlated or not. One translocation line with slightly more than
80% sterility has turned out to contain two translocations, one of the TM



420 LAVEN et al,

ra, of offsprings
80

45

35
30 -
29 -
D nol fesied
20

18 -

10

T T T T I T T I T T TS T T T T T T T I T TS T T L —

Q- T TE"T |E;n1

e 3% w0 M 20 25 g0 3 49 5 gq 5 gy B85 g5 5 gy
percent stenlity

FIG.4. Clasification of trandocations in Culex pipiens with respect to the chromosomes involved.

type and the other of the T? type. Only in one case with inherited semi-
sterility has a pericentric inversion been discovered by cytological
investigations.

With so many translocations of the three different types and various
degrees of sterility at hand it is, of course, tempting to speculate on
the influence which semisterile animals would have on reproduction, if
they were released into a natural population. Meodels and calculations
have already been published by several authors [1, 9, 13], 80 only a few
general remarks will suffice here in order to compare or better io
contrast the release of semisterile animals with the common method
of totally sterilized males,

First, semisterile insecis are by no means inferior to normal ones.
On the contrary, with certain breeding and selection proceddres they
can be made more competifive than natural insects.

Second, semisterile males have not only an immediate influence
on a natural population owing to their semisterility, but they also
transmit at the same time the translocation to half of their offepring.
In this way the translocation is injected into the natural population and
will constanily increase by repeated releases of translocation hetero-
zygotes, After a certain saturation poini for the translocation has been
reached, no further releases are necessary. The population would
automatically be exterminated.

Third, tranelocation systems can be produced in all animals.

The deleterious effect of translocation heterozygosity is well known
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from several insects, but also from milce and man. As far as we know,
translocations for control measures have been produced during the last
two years in five different mosquito species (Culex pipiens,

C. tritaeniorhynchus and Aedes albopictus in our laboratory;

Aedes aegypti: Rai [20]; Anopheles gambiae: Davidson and Krafsur,
personal communication,1970), in house flies [12], in tsetse flies {21]
and in onion flies {(Wijnands, in correspondence, 1870). Ifit canbe proven
in field experiments that translocation heterozygotes can suppress a
natural population, undoubtedly there will start more research on these
lines. It will be extremely interesting to compare species with different
chromosome numbers and chromosomes of different sizes regarding
percentage of translocations produced by standard irradiation dosages
and degree of sterility obtained.

In the application of semisterile translocation animals for control
the same technique is used as in the sterile-male technique, i.e. mass
rearing and release of males in adequate mumbers. The release of
translocation homozygotes seems to be the most effective way., But it
needs a very careful study of the population size and an adjustment of
ithe numbers of released males from generation to generation, otherwise
the translocation homozygotes could replace the natural population and
the temporal decline of the population would be reversed. Therefore
the application of translocations which cannot become homozygous
appears to be much easier and esafer. In mosquitoes the T™ trans-
locations would be the best. For obvious reasons only males can be
releagsed, and in the T™ lines all males carry a translocation. From
theoretical considerations the successive release of different trans-
locations with increasing degree of sterility would lead to the fastest
possible decline of a population, as has already been shown in cage
experiments [14, 15].

If we adept the opinion of at least a proportion of the agricultural
entomologists, that total eradication of a species is not necessary but
only depression of the population te such a level that the economic losses
become bearable, and if we adopt the view of the medical entomologists
that for breaking the chain of disease iransmission it needs only popula-
tion reduction io a certain level, then we are already in a position to do
this with translocations with several mosquito species. Mass productlon
of males for release would not be necessary; eggs of the translocation
strain with the necessary characteristice can be seeded in the breeding
places, I believe that no method could be cheaper and that countries
lacking funds for costly measures would have a chance of overcoming
itheir pest problems in this way. The Culex fatigans problem in Recife
in Brazil, mentioned by Borghi et al. in these Proceedings (IAEA-SM-138/63)
could be solved in this way.

In species which cannot be mass-produced, it seems, nevertheless, to
be possible to use the translocation system. If wild insects can be caught
in sufficient numbers and if they are irradiated with such a dosage that
only partial sterility is obtained, there is a good possibility that trans-
locations are injected into the population after the release of the treated
insects. It is known from experiments with Drosophila thai the same
number of translocations are produced by irradiation of sperm in males
ag well as in fertilized females.
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Having produced translocations of all sorts and with varicus degrees
of sterility we can now aim at more advanced and more efficient control
systems. The next step would be to develop lines with two or more
translocations. The way is open for this development as soon as one
or the other translocation can be made homozygous. Males of such a line
could be irradiated again and the offspring screened for newly arisen
translocations. With time and funds available it could be possible to
accumulate in one line not only two, but three, four and more trans-
locations. There is reason to assume that such multiple translocation
lines are totally or almest totally sterile when outcrossed to a normal
pepulation, In other words, a new species has been created.

That such genetic engineering iz not merely wishful thinking was
already demonstrated some 35 years ago by Koshevnikov [22] in
Drosophila. Through the combination of two different translocations
by crossing over he got a sirain that was totally sterile in outcrosses
to normal animals,

Translocationg can also be useful tools for other developments.

If for example a certain type of translocation is combined with a

balanced lethal system a strain can be constructed which produces only
males, It can be maintained by crossing with normal females of any
other strain., The advantages of such a strain are obvious. Mass pro-
duction would not be necessary; the eggs could already be dispersed into
natural breeding places. The males hatching from these eggs are semi-
sterile and produce again only males, which are in turn again semisterile
and male~producing.

No doubt translocations are very useful systems for control, but in
the hands of a skilled geneétical engineer they turn oui as highly efficient
tools for the creation of ideal control systems. Ii seems therefore to be
appropriaie te stress the need for more research in this field.
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DISCUSSION

J.W., WRIGHT: The value of today's discussion is that it brings
into perspective the potentialities that lie in the future. We must be
realistic about them, however. A technique must be developed that can
be applied by developing countries in the tropics and subtropics with
limited manpower and material resources. Any sophisticated procedure
that might be developed without this being taken into account may never
be used. It seems essential that if a technique is to be practical, it
should be self-propagating, involving a minimum of releases and a
minimuam of insects in each release.

H. LAVEN: The genetic system that I am suggesting for the control
of Culex pipiens is an integrated translocation system which needs only
multiplication in the sense of mass production. What I have in mind is
not the production and release of adult males, but only the production of
fertilized egg rafts. The eggs can Be seeded in the natural breeding
places or, better still, in tanks or ponds prepared for this purpese.

I cannot imagine a simpler and cheaper control measure. [t requires
no sophisticated work, expensive equipment or hazardous chemicals.

K. KOJIMA: Complete eradicaiion is impossible. The only thing
one can do is to keep the population small. There are two main reasons
for this situation. First of all, eradication represents an unstable point.
Secondly, when the insect concerned has a large reproductive capacity,
a single mutation (affecting chemical or mating systems) can lead to a
tremendous number in & few years. '

Even to restrict an insecti population to a low level by hiclogical
means is extremely costly., The best method is probably to bombard
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the pest insect population initially, and then use the sterile-male release
method on a smaller scale.

H. LAVEN: A translocation system cannot in itself lead to eradica-
tion. What we can achieve with a translocation having 90% sterility is
a population depression to 10% of the original size. In this situation
environmental factors could reduce the population still further or
perhaps even to zero,

L.E. LaCHANCE: Iam sorry that I must disagree completely with
Mr, Kojima. Every day we hear that certain species are on the verge
of extinction owing to purely random factors, and it seems strange that
man cannot achieve the same result, eradication, by means of concerted
well-conducted pest conirel programs. I would remind you that in Afriea,
for example, the tsetse fly can be eliminated from certain regions merely
by clearing the bush and settling the area, Furthermore, in Cyprus
and Sardinia there were very good mosquito eradication programs based
on the use of insecticides shortly after the Second World War, I think
many other examples could be cited. Lastly, I should like to recall
that self-sustaining populations of the screw-worm fly have not been
found in the south-east of the United States since 1%5%. If this does not
constitute eradication, then it ig very good control.

K. KOJIMA: Pest insects flouriah wherever their foods are available,
Ag I indicated, they can he controlled at a lower level than the
environment' g carrying capacity if they do not have a very high rate
of reproduction. However, this is an extremely costly operation when
2 fecund female lays vast numbers of fertile eggs. Regarding 'random
effects’, to which Mr, LaChance has referred, I shall talk about these
in my paper [AEA-SM-138/22 in Sesgsion VIII. As for insecticides, it
was my understanding that we were not dealing with them here.

K.5. RAT: I think you indicated, Mr. Laven, that the egg papers
from the translocation stocks could be seeded in natural habitats. Iam
wondering how this would be possible, particularly in the case of the
type of translocations (Y-autosomal) that you are using, Would you not
also be releasing normal females along with your translocation males?

H. LAVEN: In the system ! have in mind, use is made of both
incompatibility and translocations. It would take too much time to
describe it in detail.

C. BORGHI: lam grateful to Mr. Laven for his suggestion that
Recife' s filariasis problem could be solved by means of the transloca-
tion method. I should also like to ask his opinion on the cost of that
method in relation to the cost of complete sterilization. .

H. LAVEN: The cost of such a program depends on many factors,
such as the size of the area, the populalion density, the degree of
isolation, the availability of material and the level of salaries. But the
control system itself is available and involves no sophisticated work
or equipment.
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EXPERIMENTS ON BREEDING TRANSLOCATION BOMOZYGOTES IN TSETSE FLIES,

The introduction of chromosome translocations into tsetse populations is expected to cause a
serions depression of fertility because of the semisterility of the heterozygotes. It would only be practicable
to masi-rear the translocations in the form of fertile homozygotes. Mutations with the properties of trans-
location heterozygotes were obtained in Glossina susteni by irradiation and selection for semisteritity.
‘The descendents of such mutant individuals were inbred 1o 1y to produce homozygotes. A suitable trans-
Ipcation would show full fertility when the homozygote was mated to wild type and all the products of
wich matings would be semisterile heterozygotes. Two generation tests for these properties were used
to diagnote trangdocarion homozygotes among the products of inbreeding. About 300 individuals belonging
to 7 different mutant socks were tested and in three of the stocks translocation hemozygote individuals
were fairly certainly identified. In one of the mutant lines it was possible to mate individuals identified
as wranslecation hotnozygotes to close relatives and, as expected, this produced several translocation
homezygotet and heterozygotes and one unexplained wild type. Furthes inbreeding in these families has
ylelded some fully fertile matings which are expected to be the fonnders of pure trangecation homozygote
farnilies, There are preliminary indications of reduced viability in these families but it s not yet clear
whether this is due te recessive effects of fhe wanslocation iteelf, or to the effects of the intense in-
breeding to which they have been submitted, Two of the mutant lines originally showed transmission of
semisterility to a propertion of both sexes, but, after several generations of inbreeding and selection,
semisterility is now transmitted to all males and no females, It may be that in these lines the effect of
selection at each generation for semnisterile males has been to transfer the sex~determining function from
the X and Y chromesoimnes to a locus ar or linked ro the translocation hreak points,

INT RODUCTION

Most schemes for autocidal control depend on the mass rearing of
genetically normal insects and treatment of them just before release to
induce a large number of assorted dominant lethals and/or transloca-
tions. An alternative approach is to induce translocations in a laboraiory
population, to select out one with désirable properties and then io re-
plicate it in a mass-rearing plant. It is essential that the translocation
is not selectively eliminated during the mass-rearing process and one
way of ensuring thig is to use a translocation involving the Y chromo-
some or linked tightly to the male-determining gene. A colony founded
from males carrying a translocation of this type and normal females
will maintain this composition. Laven [}] demonstrated the possibility
of eradicating an artificial population of Culex pipiens by introducing
males carrying transloecations linked to the male-determining gene. The
present author has produced Y chromosome translocations in the isetse
fly Glossina austeni [2] but does not think that they could be economically
used for population control. Even with the best possible rearing methods
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FIG.1. Diagram of chromosome pairing and gamete production by wild-type homazygotes, translocation
heterozygotes and transiocation homozygotes,
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the weekly output of males from a eolony of fully fertile G. austeni would
be only about one-third of the number of breeding flies that have to be
continuously maintained [3,4]. All matings in a colony in which the

males had Y chromosome translocations would be partially sterile, sa
the weekly output of males would be reduced to somewhat less than one-
sixth of the number of breeding flies and the present author does not think
that the operation would be economically competitive with other possible
control methwds.

Some autosomal translocations yield fully fertile homozygotes but
the heterozygotes are partially sterile. Fig,l illustrates chromosome
pairing in the wild type (symbolized +/+), translocation heterozygote
(T/+) and translocation homozygote (F/T). Because of the abnormal
pairing in the T/+ a proportion of genetically unbalanced gametes are
produced {which give inviable zygotes) as well as some balanced T and
+ gametes. In the T/T, however, pairing is normal and only balanced,
T, gametes are produced. It should he possible to mass-rear a selected
autosomal translocation as a pure T/T fully fertile population and it
would only begin to cause a reduction in fertility when it was released
into the wild, where partially sterile heterozygotes would be produced [5, 6].
The prolonged depression of populaticn fertility which could be achieved
by the release of a carefully controlled number of T/ T individuals might
provide an efficient means of control for slow breeding insects such as
the tsetse fly [7,8]. There is the alternative peasibility of using an
autosomal translocation to increase the frequency of a desirabie gene,
such as one for inability to act as a disease vector [9].

Using gamma radiation the present author produced several muta-
tions in Glogsina austeni which each have characteristic degrees of
partial sterility and which are inherited like dominant autosemal
factors [2]. He concluded that these were almost certainly transloca-
tiens between autosomes, in the heterozygous state. This has recently
been confirmed for {wo of the stocks by Dr. D, Southern {personal
communication} who observed characteristic translocation heterozygote
pairing configurations in male meiosis,

Seven of the most suitable translocations were selected for inbreeding
in an attempt to produce T/Ts.
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FIG.2. Dizgram of the method of production of transiocation homozygutes by inbreeding and the
method for identifying them by test mavngs to wild type.

METHOD FOR THE PRODUCTION AND SELECTION OF TRANSLGCATION
HOMOZYGOTES

There are no marker genes available in tsetses. Cytological methods
for detecting translocations at male meiosis are only just becoming
available and they require the killing of the individual in the early pupal
stage, which is the only time at which male meiosis occurs [10]. The
author has therefore used measurements of fertility as the sole means of
identifying T/+ and T/T individuals; this procedure has the advantage
that one automatically selects for those translocations which have the
properties required for an autocidal project, i.e. constant full fertility
of the T/T and constant partial sterility of the T/+.

An individual' ¢ fertility is tested by mating it to wild type drawn
from our unirradiated laboratory colony of G. austeni. One mating is
used for testing females and four for testing males [2]. The mated
females are maintained by the methods described by Nagh, Jordan and
Boyle [11,12] and records are kept of the number of pupae produced over
a test period. The female ovulates at approximately nine-day intervals
and in control (+/+ X +/+) matings these eggs develop to the pupal stage
in either 90% or 100% of cases (depending on the mainfenance method
used). Most of the translocations that were studied as heterozygotes
caused about 50% of early embryonic deaths and the consequent reduced
rate of pupal production enabled matings involving a T/+ to be distinguished
with reasonable clarity from those involving only homozygotes, though
there is a margin of sampling error [2].

To produce T/Ts, matings must be made between descendenis of the
same tranalocation-carrying sperm. The males for these matings can
be previously shown to be T/+ by their partial sterility in test matings,
but the females have to be taken at random as virgins from the progeny
of T/+ males, because once a female is ingseminated i uses the sperm
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received throughout its life. Only half of the inbred matings are there-
fore of the desired T/+ X T/+ type. Fig.2 illustrates the procedure

frem the ocecurrence of such a mating. Three karyotypes are produced
and these are distinguished by the test matings shown. The T/+ gives
partially steriie test matings and the T/T and +/+ both give fully fertile
matings, However, the +/+ gives all +/+ progeny from the test matings
which are fully fertile when they, in turn, are test-mated. The T/T
gives all T/+ progeny which show partial sterility in their subsequent
test matings. When an individual is suspected of being T/T two or more
of its progeny are separately test-mated to check that each one is partially
sterile, i.e, that the supposed homozygote is conforming with expectation
in not producing a segregation among its progeny, A partial control on
this test for T/Ts follows from the fact that they should only arise from
inbreeding; when a T/+ is outcrossed to +/+ all the fully fertile progeny
should score as +/+ and not T/T, as illustrated in the lower part of the
middle column of Fig.2. This has 5o far been checked in ten instances
and all agreed with expectation.

When a male T/T has been identified it is used for matings to its
close relations to try to obtain a T/T X T/T mating, As already ex-
plained, the females cannot be test-mated before use and so daughters
of suitable matings have to be used at random and only subsequently
identified by the progeny that they produce. It is very unlikely that a
T/T X T/T mating will be made in the first round of inbreeding, but
more likely that a T/T male X T/+ female mating will occur and that
subsequent rounds of inbreeding will vield the desired pure T/T family.
It may be that such repeated inbreeding will lead to partial sterility,
not due to the action of translocations but to inbreeding depression [13].
Inbreeding is known to affect fertility in G. austeni [14]. However, this
could not invalidate the identification of males as T/T in test matings
because they are only required to coniribute a haploid set of chromo-
somes to these and the state of their diploid set would not affect the
issue.

RESULTS OF TESTS FOR TRANSLOCATION HOMOZYGOTES

Over 300 individuals from inbreeding in 7 translocation stocks have
been tested by the methods described and T/Ts have been identified in
three of the stocks, but in two stocks only single T/T individuals have
been obtained. The author will discuss this low yield of T/Ts in six of
the stocks later and meanwhile will describe the one stock {mtmber 68
in Ref.[ 2]) which has yielded several individuals scored as T/T and in
which further inbreeding of these has been possible.

Figure 3 shows the data for the branch of this stock which has been
most completely analysed so far. Where space allows, the fertility
scores of the matings are indicated in the diagram to give an idea of
the kind of evidence on which the identification of each individual is
based. The scores are given in terms of pupae produced and number
of ovulation cycles completed by the mated females in the test period.
As shown the male A, derived from an inbred mating, was fully fertile
in a test mating to +/+ females and the sons of these, B and C, were
partially sterile, i.e. A scored as T/T. A was mated to its sister D,



IAEA-SM-138/5 429

d 9
«++ 0 Q
T @ @&
Y e
Inbreeding —
Test moking ==

Bo & ® & B B 3 o
Q#/ ~ &0 Qu§f
BHhEEETTE 6372

L4

F1G.3. Pan of the pedigree of stock 68 to demonstrate production of a T/T and its progeny when inbred.
Where space permits, the fertility of the matings is indicated in terms of the pupae produced per ovulation
cycles completed.

which was deduced to be T/+ because the mating was pariially sterile.
Their son, E, was fully fertile in two separate test matings and the
eight male and female progeny tested were all partially sterile, which
is very good evidence that E was T/T. Three other sons of A X D were
similarly classified and two sons and two daughters scored as T/+,
These results are consistent with the expected 1:1 ratio of T/+ and
T/T from a T/T X T/+ mating. However, F scored unequivocally as

a +/+. This type is quite unexpected and the author can see no cbhvious
explanation for it.

Males E and G have been mated to other inbred members of stock 68,
These matings were partially sterile but backecrossing the progeny to G
and H has yielded iwo fully fertile matings with fertile progeny. These
matings would appear, therefore, to be T/T X T/T, but this requires
confirmation by test matings ou the progeny. If these tests are positive
there should be no difficulty in founding a small colony of T/Ts by
matings within the family.

"

VIABILITY OF THE TRANSLOCATION HOMOZYGOTES

Two of the 7 stocks that were inbred now show holandric inheritance
of the translocation, so it is not surprising that no T/Ts have been
produced. Four of the stocks have shown conventional autogomal in-
heritance and yet only two individuals scoring as T/T have been obtained
out of about 140 tested. In matings of T/+ males to females, half of
which are T/+ and half +/+, one would expect about one~thirteenth of
chromosomally balanced zygotes to be T/T, and it therefore seems
likely that these four translocations are all recessive lethals or semi-
lethals so that the T/Ts usually die before maturity, This result is not
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TABLE I. DATA ON THE INBRED MALE PROGENY QOF
TRANSLOCATION HOMOZYGOTES IN STOCK No.68

+f+ conttol Progeny of T/Ts
Upcurved wings Rare or absapt 4/33
Survival to day 50 18/20 ~— p¥* =0.01 —_ 19/31

Partially sterile  Fully fertileT
(T/+)

Survival from days 10-50 9/10 9/10 — P* =0.113 — 9/15

¥ P calculated from exact test for 2 x 2 contingency tabls.

Includes eight indlviduais shown ta be T/T and tests on the progeny of the remainder have not
s0 far been completed,

at all surprising in view of the large proportion of recessive lethal transg-
locations in Drosophila [15]. The other possible explanation is that the
T/Ts of these four translocations are not fully fertile and hence are not
picked up by the test procedure. Whichever explanation is correct,
these translocations would not be suitable for an autocidal control project.
In stock 68 several T/Ts have already been shown to survive up to
an age at which mating tests can be made but it is important to know
whether there is any degree of reduction in viability compared to wild
type, since even quite small reductions would seriously reduce the ef-
ficlency of a control project [7,8]. A proper test of this point must
wait until there is a good yield of progeny from a pure T/T family but
some data can already be assembled far the male progeny of matings
between T/Ts of stock 88 and their close relatives. The maternal karya-
types are in many cases not yet established. The data are shown in
Table I, tegether with the available control data for outbred male wild
types maintained in the same way (i.e. in individual cages). As shown
a visible abnormality (upcurved wing tips) occurred in a few of the male
progeny of T/Ts (and some of the females too); this condition is rare or
abgent in controls. The condition is probably a symptom of generalized
weakness because a similar abnormality was found after irradiation of
G. morsitans with a sub-lethal dose in the middle of the pupal period
(Langley and Curtis, unpublished data). The proportion surviving from
emergence to day 50 is significantly less in the progeny of the T/Ts
than in controle. This and the upcurved wing condition might be inter-
preted either as phenotypic effects of the translocation with low penetrance
or as effects of the inbreeding to which the stocks had been submitted,
Adequate comparative tests on inbred families free from translocations
have not been made. The progeny of the T/T males were not all them-
selves T/T because many of the mothers were T/+. Five died before
the age at which the {irst test mating is made (day 10) and these cannot
be identified ag one or the other karyotype. However, among those that
did survive to day 10 a comparison can be made of the relative chances
of survival from day 10 to day 50 of males shown subsequently to be
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either partially sterile (i.e. T/+) or fully fertile. The latter are all ex-
pected to be T/T but progeny tests to establish this have not yet been
completed in all cases. As shown in Table I, the survival appeared to
be lower among the homozygous males (9/15 against 9/10), but this
difference is not statistically significant. Inbreeding depression would
be expected to affect the T/+ to approximately (though not exactly} the
same extent as their T/T brothers, so these results give some support
to the view that reduced survival is due to the translocation itself, but
more data are required. The exact cause of the reduced survival is of
practical importance, as any effects of inbreeding could be avoided by
crossing two separately bred lines homozygous for the same transloca-
tion, whereas effects of the translocation itself would cause an inescapable
reduction in the efficiency with which this particular transiocation could
be¢ mass-reared and used against a wild population.

It seems likely that if one tested sufficient different translocations,
the necessary one fully viable example could be found, but it is im-
possible io predict how much effort this would entail.

STOCKS HAVING A SWITCH-OVER TO HOLANDRIC INHERITANCE

Among the 18 translocations that the author produced in Glossina
austeni he was able to distinguish clearly between the majority, which
showed transmission of partial sterility to a proportion of hoth sexes,
and two stocks, which showed holandric inheritance, i.e. all the males
and none of the females inherited partial sterility [2]. The former group
were interpreted as autosomal translocations and the latter as trans-
locations involving the Y. The wild-iype tsetse male has been shown by
cytological means to have differentiated X and Y chromosomes (A. Haring,
personal communication). One of the Y translocation stocks is still being
maintained and continues to show holandric inheritance after  generations
of breeding.

Two of the stocks which were originally scored as autcsomal trans-
locations (stocks 626 and 73 in Ref.[2]) have since shown a switch-over
in pattern of inheritance to the holandric type, Fig.4 presents the data
for one of the stocks diagrammatically, The data for the other stock
are similar. Successive generations were reared from males shown to
be partially sterile in test matings. In this stock (no.626) the switch-
over in behaviour can be traced to one individual, A, which was ancestor
to all the later members of the stock. The right side of the figure shows
the score of normal and partially stérile males and females among those
tested (this was a small minority of the total number hatching). In the
first 6 generations there was segregation in both sexes; the apparent
excess of partially sterile males above a 1:1 ratio is not significant.

In the last 4 generations inheritance appears to be purely holandrie and
the heterogeneity between the first six and the last four generations is
highly significant. The figure gives data for the mates of the partially
sterile males on the mean rate of production of pupae and of abortions;
the abortionsg are apparently due to a delay in the lethality, due to
chromeseme imbalance, until quite late in development of the larva in
the uterus [2]. Asshown, the pupal and abortion rates were very similar
before and after the switch-over to holandric inheritance.
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FIG.4. Dlagtamof the pedigree and summary of data for stock 626 to show the switch-over from autosomal
to holandric inheritance of partial steriliry. Symbols as in Fig.3; black circles = unclassified females,

It is unlikely that the explanation of this switch-over is the occur-
rence of a new translocation (involving the ¥) in the sperm Irom which
A was derived, because different translocations in G. austeni cause
characteristic pupal production and abortion rates [2] and it is unlikely
that a new translocation would be so gimilar to the old one in both these
respects. The same argument counte againsi the suggestion that at the
time of the switch-over the Y chromosome became attached to a pre-
existing autosomal translocation, The author would expect this to affect
the segregation of the heterozygote and hence the rate of pupal production,

Another possibility is that the translocation has always involved the
Y chromosome but in the first 6 generations non-disjunction frequently
occurred giving X0 {(non-translocation) maies and XXY (translocation)
females. One might postulate that some adjustment occurred in individual
A which prevented further non-disjunction. There is evidence [16, 17]
for non-disjunction in house-fly translocations involving the ¥, but in
this species it is the presence of the ¥ (regardiess of the mimber of X
chromoscmes) which determines maleness, If the same is true in tsetse
flies a2 Y translocation could never show other than holandric inheritance,

Another suggestion is that the translocation in stock 628 is auto-
somal but in later generations the determination of sex has been trans-
ferred from the X and Y chromosomes to a site at or close to one of the
translocation break points. This transference might have gecurred by
the evolution of modifying genes under the pressure of the selection the
author applied by propagating the stock from males which were partial-
1y sterile, This hypothesis implies that both sexes now carry two X
chromosomes. There is a precedent in the work of Winge on Lebistes [18]
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for a change in the mechanism of sex determination under the pressure
of artificial selection, but he found extreme distortion of the sex ratio

in the early stages of this change. The present author did not find this

in stock 626.

Which, if any, of these ideas is correct can only be established by
cytological studies and these are now being carried out by Dr. Southern.
The results may well elucidate the sex determination mechanism of
Glossina, for example they may be able to distinguish a mechaniam de-
pendent on the number of X chromosomes (ag in Drosophila) from one
dependent on the Y (as in house flies). Information about the sex deter-
mination mechanism is of importance in view of the suggestions that
have been made for the conirol of insect pests by the use of sex ratio
distorting factors.
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DISCUSSION

M.J. WHITTEN; I think Mr, Curtis is to be congratulated on his
successful production of a translocation homozygous strain of tsetse fly,
In my estimation, tsetse probably represents a most difficult subject
on which to perform this type of operation, which it should therefore
be possible to repeat for betier suited insects.

I should like to make one other comment about translocation homo-
zygotes, It is commonly believed that they must invariably be associated
with position-effects which reduce their fitness. It must be stressed
that translocations arise often in nature and, against enormous cdds,
become fixed in natural populations, M.J.D. White has documented this
point in some detail in his studies on Australian grasshoppers, He has
argued that the abundance of translocations in some groups {(e.g. grass-
hoppers} and their near absence in others {e.g. mosquitoes) is an aspect
of the different population dynamics in the two groups. His grasshoppers
pass through more bettle-necks, allowing stochastic events to increase
their chances of fixation. In any case, the impcrtant thing from the point
of view of evoluticnary studies is that translocations need not involve
a reduction in fitness,

C.F. CURTIS: Certainly, some translocations allow full fitness,
but it i impossible to estimate how many deleterious translocations
occurred and were eliminated in the evolution of the grasshoppers to
which you referred. Hence one cannot be sure that the necessary one
or two translocations compatible with full fitness could be obtained with
a reasonable expendifure of effort.

R.C. BUSHLAND: I congratulate Mr, Curtis not only on hig fine
accomplishment, but also on his moderation in not ¢laiming more vigour
for his translocation stocks than would be shown by insects irradiated
to achieve 100% dominant lethality. I think that the claim of greater fit-
ness has been oversold by earlier speakers in this session. The failure
of sterilized Anopheles quadrimaculatus several years ago in Florida
was because the laboratory-adapted strain was unfit for nature. House
flies on the island of Grand Turk preferred to mate with each other rather
than with the laboratory strain of Flerida flies, According to Muller, by
irradiation you induce four recessive detrimentals for every dominant
lethal mutation. This suggests that at the 90% dominant lethality dose
rates used to induce translocations almost every viable sperm should
bear detrimentals. These may not be selected out under cage condiiions.
I believe in the translocation approach, and I support Mr. Wagoner!' s
research at our Fargo laboratory, but I do not think it is mere certain
of success than radiation sterilization, Prime attention must be given
to insect ecology and population dynamics if any technique is to succeed.

C.F. CURTIS: I agree that the question of the possible loss of
genetic adaptation of laboratory populations to the environment is im-
portant and that it would be desirable to induce translocations in a
population recently isolated from the wild fliea. As previously mentioned
by Mr. Jordan, there is now more evidence that the population of
Glossina morsitans at Langford has not lost ils genetic adaptation to the
environment after two years of laboratery breeding,

No doubt much other genetic damage was done by the radiation that
I used to induce translocations. However, before gtarting inbreeding,
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I repeatedly backcrossed the translocation heterozygotes with unir-
radiated stock. [ think that this would have removed almost all radiation
damage, which I do not believe can explain the reduced fitness of the
homozygotes. These are now separated hy about twelve generations
from the irradiated flies.

M.J. WHITTEN: I concur with what Mr. Curtis has said concerning
Mr. Bushland's comments. I would even go further and say that Muller's
data are quite irrelevant to the present discussion, or at least they
should be. It is the rearrangement itself that we make use of, not the
genes it contains. Deleterious genes induced by the irradiation treat-
ment ghould be removed along with other naturally occurring lethala
and semi-lethals by an appropriate backerossing program before a
homozygous translocation strain is synthesized and its fitness estimated,
An adequate understanding of the genetic principles involved should pre-
clude an unreasonable comparison of this type.

L.E. LaCHANCE: Mr. Curtis, do you foresee any advantage in
maintaining 2 T/T stocks in the laboratory and crossing them before
release as compared with maintaining and releasing a 'double T/+ stock' ?

C.F. CURTIS: 1do see advantages, both because the captive popula-
tions of T/Ts would be fully fertile and because they would automatically
maintain their genetic purity. Full fertility is important in a {seise
stock if it is to be economically masgs-reared, but may be less important
in oviparous species. If a double autosomal heterozygote stock were
reared, there would be segregation at each generation and seleciive
elimination of the translocation, unless the wild-type segregants were
culled. Ido not think that this culling process would be practical during
mass rearing and believe that a stock which automatically remains
genetically pure would be essential.
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Abstract

CHROMOSOMAL TRANSLOCATIONS AND GENETIC CONTROL OF Aedes aepyoti,

Genetic control mechanisms for insect pests are cumrently being developed for a number of important
species. In view of the environmental contamination that ensues from the use of insecticidal chemicals and
the fact that insect populations rapidly become resistant to most insecticides, it is Imperative that alternative
control methods be developed.

In their laboratory, the authors are interested in evaluating the use of chromosomal translocations for
genetic control of Aedes aegypti, which transimits diseases such as yellow fever, dengue and haemorrhagic
fever, This species is thus one of the most important disease vectors. The authors have recently analysed
two radiation-fnduced sex-linked reciprocal translocations in this species, One, RT({1: 2),involves linkage
groups I and If with the original break points 0,3 cross-over unit from the gene for male-determining allele (M)
on group I and 1.6 units ftotn the wild-type allele of spot abdomen (s*) cn group Il.  The other translocation,
RT{1: 3),involves linkage groups I and 11T with the original break points 0.4 cross-over unit from the wild-type
allele of red-eyed gene (tet) on group I and 0.6 unit from the normal allele of black tarsus (blt!) on group IIL,

Though criginally both thess translocations invalved the male-determining chromosomes, female
translocation heterzygotes have been established by appropriate crosses. Furthermore, two types of maies
heterozygous for each transiocation have been constructed. In ome type (T),) the male-determining
chromesome is translocated and in the other ( Ty} the femele~determining chrornesome is translocated. 1In
addition, by intercrossing both these translocations, double translocation heterozygous males have been
established, Whereas each translocation hetetozygote is associated with semisterility, the fertility of double
transiocation heterozygous males is much Jower (7 - 32% against a multiple marker RED stock).

Population dynamics of males heterozygous for each translocation have been tested in sequential
gererations to evaluate their usefulness for genetic control purposes, Results obtained have demonstrated their
potential usefulness. Detailed data from genetic and population studies and computer simulations where
different release strategies have been evaluated are presented, In addition, prospects for field testing of the
translocation tmethod against an isolated population of Aedes aegypti are discussed.

INTRODUCTION

Notable progress has been made, at least in theory, in recent years
in the field of insect pest control thtough genetic manipulation of populations,
Ag a result, genetle contrel mechaniems are currently being developed for
a number of important pest specles, In view of the environmental contamin-
ation that ensues from the use of insecticidal chemicals and the fact that
insect populations rapidly become resistant to most insecticides, it is
imperative that such control methods be developed and field-tested,

One possgible genetic control method that has attracted much attention
during recent years ig the use of inherited semisterility associated with
chromosgomal translocations, Although the potentlal of this method was

¥ This work teceived support from U.5. Atomie Energy Commission Contract AT{11-1)-38 with
the Radiation Laboratety, University of Notre Dame. This {s AEC Document No, C00-38-748,
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originally proposed three decades ago {1], it was not until recently that
its use for a number of ingect species, e.g. mosquitoes [2-4], tzetse
flieg [5] and houseflies [6] has been contemplated and progress made,

The use of translocations for population control may provide aome
advantages over the sterile-male technique, Sterile males do not transmit
sterility to membera of the next generation and, therefore, continued
reiniroductions are essential to maintain control, On the contrary,

Curtis [5] has calculated that a single releage of translocation homozygotes
of both sexes will reduce an idealized tsetse-fly population o zero in

abeout 12 generations; whereas releases of sterile males of equal mumbersg
cannot do that, Furthermore, an additional advantage for the translocation
system may accrue from the facts that no physical treatment is given the
released insects in the generation in which they are released and that the
transiocation systems are usually assoclated with an egsentially unaffected
genotype and phenotype. Ag a result, the competitive ability of translocated
insects may not be hampered, Such reduced competitive ability often
becomes a Hmiting factor in mutagen-induced dominant lethality [ 7],

In our laboratory, we have been interested in inducing reciprocal
translocations in the yellow-fever mosquito, Aedes aegyptl, and evaluating
the same for population control purposes, This species is well suited for
studies of this sort. It has a low chromogome number: three pairs which
are individually recognizable [8]; ii is easily maintained and manipulated
In the laboratory, has a rich store of genetic variability and its three
linkage groups are well established [9): and mechanization for ite mass
rearing for release purposes has been adequately developed [10). Further-
more, the economic lmportance of this species is well known. It transmits
digeases such as yellow. fever, haemorrhagic fever and dengue and is thus
one of the moat important disease vectors, As a result of all these
aftributes, this species is regarded as a promising subject for the
application of genetic methodology for population control purposes [11],

We have induced with radiation five sex-linked and two autosomal
translocations in this species, Of the five sex-linked, one is a double
translocation involving all three pairs, However, this paper includes data
on iwo sex-linked tranglocations only, the work on which has been
completed, One of the translocations has been designated RT{1: 2) and the
other RT(1:3), The former involves linkage groups one and two and the
latter one and three. It may be mentioned that sex in this species is
determined by a single gene, M vs, m with Mm genotype determining
maleness and mm femaleness [12],

MATERIAL AND METHODS

The usual procedure that we employ to induce and isolate reciprocal
translocations in this specles is to irradiate young males of a wild type,
ROCK strain, to sub-sterilizing doses of radiation, mate these males with
a multiple marker (RED)} stock and backeross the F} males from cultures
showing 50% or lower fertility with the RED stock. The RED stock is
homozygous for the adult recessive markers, red-eye (re)., spot abdomen (=)
and black tarsi (b1} on linkage groups one, two and three respectively. The
phenotypes of the backeross progenies are scored and the translocations
are originally picked up through !pseudolinkage! between markers known to
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be present on different linkage groups. The presence of the translocations
ig then confirmed by cytological examination of meiotic and/or mitotic
tissues,

RT(1:2) was isolated following 1200 R egg irradiation for four
successive generations. A 10-kCi cobalt-60 source giving a doge raie of
approximately 123 R/min at a fixed spot was used for irradiation [13],
RT{1:3) was isolated following X-irradiation of 0 - 26~hour-old adult ROCK
males. The source of radiation was a 230 KVP Picker Console Therapy unit
operated at 15 MA and 1, 0 cm of Al filter. The total dose to which the
young adult males were irradiated was 5000 R at a rate of approximately
200 R/min,

Using semisterility and the cytogenetic evidence ag critferia it was
obvicus that both these translocations were male-linked, i,e, they were
iransmitted from father to soneg and were therefore maintained as such
originally.

The eggs were hatched in de-oxygenated water and the larvae were
reared in tap-water to which adequaie amounts of beef-liver powder were
added from time to time as food, The rearing was done in an ingectary
maintained at 80 £5°F and 80 £ 10% relative humidity. For oviposition,
the females were fod on anaesthetized mice. BSugar cubes or apples were
used as food for the males. Techniques for making crosses in thie species
have been described by Craig and VandeHey [14]. Experimental procedures
used to stady various competitive parameters of RT(1: 2} and the population
dynamics of the two translocations are included in the results section.

RESULTS

1, Genetics

Preliminary genetic resulte from back crosses indicated that RT(1:2)
and RT{1l :3) involved linkage groups one and two and one and three
respectively, Both were linked with the male-determining (M) locus.
Genetic mapping of the radiation-induced breaks on the individual linkage
groups in the two translocations was underiaken as follows.

1,11, RT({l:2) _

In the case of RT(1:2), crosses between RED stock females carrying
the gene spot abdomen (8) in the homozygous state and wild-type males

heterozygoug for this gene and the translocation ;\g.:. were set up and the

following progeny were cbtained:

824 wild-type males
1001 spot females
22 wild-type females
14 spot males
1861 total progeny
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FIG.1. Genetic mapping of radiation-induced break points on linkage groups cne and two in RT(1: 2) and
on linkage groups one and three in RT(1: 8). Vettical arrows indicate the position of breaks, For each
translocation, two possible models are indicated,

This gives a cross-over distance of 1,9 units (36/1861) between the
genes for sex (M) on one side and wild-type allele of spot abdomen {s*) on
the other side of the break,

The wild-type females recovered from the previous crosses were tegted
to determine whether or not they were translocated, These fomales were
crossed with RED stock males, In all crogses approximately half the
progeny {both males and females) were s and half 8+, The wild-type Fy
male progeny were then back-erossed with RED stock females and the
progeny scored for assortment of g+ and female-determining gene {m}.
Those ghowing linkage between m and 81 must have been translocated
females, Of the 22 recovered f females, 14 died without leaving progeny
and 2 produced progeny that were infecund or eterile. Of the remaining gix,
five were non-tranelocaied and ore was translocated,

Since the non-translocated female must have been produced as a result
of an exchange between the s+ locus and the break point, and*the translocated
{emales because of an exchange between the sex locus and the break point,
the latter distance must be considerably less {1/6 of 1.9 or approximately
0.3 crogs-over unit) than the former distance (5/6 of 1,9 or 1, 6 cross-over
units), These break points on linkage groups one and two and the linkage
distances are included in Fig, 1.

1,1.2. RT(1:3)
Genetic mapping in the case of RT(1:3) wae accorplished by making

crosges between RED stock females and translocated males that were
carrying wild-type alleles for red-eye and black tarsi on the translocated
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chromosomes and the recessive alleles on the normal chromosomes, From
these crosses, progeny with the following phenotypes were obtained:

1048 ret bltt (wild) males
883 re blt (red, black tarsi) fersales
73 ret blt* (wild) females
60 re blt (red, black tarsi) males
7 re™T blt (black tarsei) males
8 re bltt (red) females
5 ret blt (black tarsi) females
1 re bltT (red) males
2085 total progeny

These data indicated that the breakage on linkage groups one occurred
0,4 cross-over unit from the wild-type allele of red-eyed gene (ret) and
0, 6 unit from blt* on linkage group three, However, the above data fit
with two models depending upon whether the breakage on linkage group one
occurred to the left or right of the wild-type allele of the red-eye gene (ret).
Ag a result, the distance between the breakage point and the sex locus Iﬁ?
be 6.5 or T.1 ereogs-over units (Fig, 1),

Seventy-three wild-type females recovered from the previous experiment
must have resulted from an exchange between the genes for sex and red-eye
{Model I) or between sex and the translocation breakage point {Model I0),
Consequently they were expected to be translocation heterozygotes., Eight
of these females were tested by crossing these with RED males, The progeny
from these c¢roasses showed that all the females tested were translecation
heterozygotes,

The original male-linked translocations and the recovery of the
translocated female chromosome from these, hag made pogsible the
synthesis of the following two types of male translocation heterozygotes
for RT(1:2) and BT(1:3);

{a) males in which the male-determining chromosome is translocated (Ty)
{b) males in which the female-determining chromosome is translocated

{Tm).

Furthermore, in an effort to détermine the effectiveness of individuals
carrying more than one translocation in reducing population sizes, a
program was undertaken to produce individuals that would be heterozygous
for both RT(1 :2) and RT{1:3), Two interesting, albeit unusual, results
have emerged from this work [15]. TFirst, a new karyotype, with new
linkage relationships, has been created, As a resuli of 4 cross-over
between the gex and the red-eye genes in the double heterozygous individuals,
a 'new' chromosome containing partsof linkage groups one, two and three
has been created, This chromosome, together with two of the translocated
chromosomes forms a haploid set (new karyotype RT(l :2:3}) that is capable
of functioning, in the presence of a normal haploid set, in a way that allows
normal development to the adull stage,
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The second interesting aspect of the double translocation heterozygote
system is greatly enhanced crossing-over that occurs in the regions between
genes for sex and red-eye ag well as between those for gex and apot., This
has the effect of producing a higher than expected frequency of new karyotype
individuals from double heterozygote individuals and conversely, a higher
than expected frequency of double heterozygote individuals from new
karyotype indlviduals.

2, Fertility

In general, both translocation heterozygotes are characterized hy
semisterility. However, a great degree of variability in fertility was
observed in the different crosses including those of the non-translocated
eontrols (Fig. 2).
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The control cressea involving the RED stock {in which the translocations
were maintained) has a mean fertility of 55% with a range of 15% to 81%.
The fertility of translocation heterozygotes for RT{1:2) was determined
for males with the translocation agsociated with the M locus (15%) and with
the m Iocus {24%) and also in females (25%), Against the RED stock, the
overall mean fertility for RT(1:2} was 20% with a range of 4% to 48%. The
fertility of translocation heterozygotes for RT(1 :3) was similarly determined
for males with the translocation associated with the M Iocus (24%) and with
the m locus {(27%) and also in females {24%)}. The overall mean for RT({l : 3)
was 25% with a range of 5% {0 48%. Crosses involving females heterozygous
for RT(L :2) and males heterozygous for RT(1:3) or vice versa showed a
mean fertility of 9% with a range of 1% to 21%. The double heterozygotes
obtained by crossing these two translocations had a mean fertility of 8%
with a range of 3% to 11%.

3, Mating competitiveness, fecundity and longevity

In order to evaluate whether translocation heterozygogity per se was
asgociated with any undesirable biological attributes and whether translocated
males could be used for possible genetic conirol purposes, the following
parameters of males heterozygous for RT(1 : 2) were compared with those
of the normal males.

One hundred crosses, each involving one RED stock female, one ROCK
male and one RT(1 : 2) male homozygous for black tarsi, were set up, Since
multiple inseminations do not take place as a rule in Aedes aegypti, &
female inseminated by a ROCK male would be expectied to produce progeny
with normal tarsi whereas females inseminated by translocated males would
preduce progeny homozygous for black tarsi (blt),

Of the 100 females tested, 46 were fertilized by ROCK males and 47 by
RT(l:2) males. Three females were fertilized by both types of males and
four died without leaving any progeny, Thus males heterozygous for this
tranglocation are equally competitive with normal males for matings with
females,

To test their overall fecundity, one RT(1:2) or one ROCK male were
placed with successive batches of thrée virgin ROCK females at three-day
intervals, Twenty such matings (ten for RT(l: 2} males and 10 for ROCK
males) were set up, After the females had been with the male for three
days, spermathecae of the females were dizsected and scored for the
presence of sperm,. The ten RT(1:2) males filled 271 or a mean of 27,1
spermathecae per male, The ROCK males filled 274 or 27,4 spermathecse
rer male, Thus, the two types of males were similar in their overall
reproductive potential, It may be pointed out that, in this species, normally
onty two of the three spermathecae receive sperm following insemination.
Neither type of male inseminated any additional females beyond the sixth
batch although most males still contained sperm in their testes and seminal
vesicles, -
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The adult longevity of the two types of males was compared by placing
100 males of each type and of gimilar age {(*8 hours) in separate gallon cages.
These were maintained under gimilar conditions and their longevity was
meagured by counting the total days elapsed until 1/2 {i.e, 50 adults) were
dead, The figure was 93 days for RT(1: 2) males and 82 days for normal
males.

4, Population studies fo determine the feasibility of the use
of RT(1:2) and RT(I :3) for genetic control

One of the major objectives of our studies has been to evaluate the
potential of the translocated males for possible population control purposes.
Laboratory population cages coniaining normal females and a variahle
proportion of normal and either RT(1:2) or RT{1: 3) males were set up
for this purpose. To ascertain which progeny was fathered by RT males
and which by non-translocated, control males, the females and the two
types of males were genetically marked.

In the case of RT(1:2), the normal males and females used were from
the RED stock and therefore homozygous for gpot abdomen (g) and the
RT(1: 2) males used were heterozygous for this gene with the st allele
linked with the male-determining allele, An experimental cage was sef up
with the foliowing proportion of adults:

RED stock (normal) females = 50
RED stock (normal) males 10
R'T(1: 2) males 40

In all the population experiments, the ages of the two types of males
were similar, The experiment was run in duplicate and the eggs were
collected at weekly intervals. All the eggs recovered were hatched and
the progeny were scored for sex and spot abdomen,

If the parental RT{l:2) and RED males were equally competitive and
if semisterility for RT males is agsumed (though in practice the fertility
of RT males in this experiment was never more than 20%, while that of the
RED stock wag approximately 60%), two-thirds of the male progeny and
one~third of the fotal progeny would e expected to be wild-type (_s_l_“l' }or
RT{1:2) heterozygotes, It is obvious from the results entered in Table I
that of the two replicates, one (l-B) produced expected numbers of wild
iype and mutant progeny. Thus, the parental RT and RED males that produced
this progeny musi have been equaily competitive,

However, the secand cage, I-A, produced 83 wild-iype or RT{1: 2}
individuals and 53 mutant or non-translocated progeny. These data, particu-
larly the male progeny, indicate that of the 50 parental females used to siart
this cage, none may have been inseminated by a non-translocated (s) male,
That is, the 40 RT males introduced into the cage appear to have completely
outcompeted the RED males, (These results are comparable with those of
the RT, control cage).
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If the population is assumed to be stable under normal conditions,
the second generation may be calculated as follows. Of the 50 females,
one-fifth that are expected to be fertilized by normal males will produce
10 normal females and 10 normal males., The remaining 40 females
ingeminated by RT(L : 2) males will produce 20 normal females and 20 RT
males {agsuming semisterility for the RT males), Thus, the next generation
will be expected to consist of 30 8 (normal) females, 10 g (normal) males
and 20 gj (RT) males, This is how population II-C and I-D were get up.
To two replicates (II-A and II-B}), 40 g+ or RT(1:2) males were added.
Eggs were harvested from all these second generation population cages,
the hatchability ascertained and the progeny phenotypes scored, The
results from these cages mosily substantiated the conclusions drawn from
the first generation populations, Except population II-C, the RT males
were either equally competitive with normal males (II-D) or outcompeted
them (II-A, 0O-B).

Similar resuits have been obtained from the third generation experi-
mental populations which, using the assumptions mentioned above, may
be expected to consist of 17 normal females, 4 normal males and 13 RT
males, Again 40 additional BT males were added to one such cage (HI-A).
Populations II-C and II-D were expected to give rise to 20 normal females,
10 normal males and 10 RT males (III-1B).

Beyond the fourth generation, it may be unnecesgsary to introduce any
additional RT males into the declining populations, for the feurth generation
will be expected to consist.of nine females, one normal male and 8 RT males,
Fifth generation will be down 1o 4.5 females and 4.5 RT males, Such a
population would be eliminated by the eighth generation if the two bagic
agssumptions made {stable population, a pair replacing only a pair) are
valid,

To test the population dynamics of RT(1:3), population cage experiments
were initizted using RT(1l :3) males and RED stock males. The design was
similar to that employed for RT(1:2) males, Translocation heterozygous
males carrying ret and blt+ on the translocated chromosome and re and
blt on the normazl chromosomes were introduced in cages in the fo]lowmg
proportlon.

™

RED stock {normal} females = 30
RED stock [normal) males =12
RT{l:3) males = 48

The experiment was run in duplicaite and the eggs collected at weeldy
intervals, The resulis from two generations are included in Table IL
These results have confirmed those obtained with RT{1 : 2) males, If the
efficiency index of normal {RED) males is assumed to be 1, those of
RT{1:3) males was slightly higher, except in two cases where it was
0. 88 and 0, 95,
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5. Computer gimulations

Computer programs based on releases of the following types of
translocated males in idealized populations have been simulated in collabora-
tion with Max Whitten of the University of Chicago:

a: Males in which the male-determining chromosome is trans-
located {TM}.

b: Males in which the female-determining chromosome is trans—
located (T ).

c: Alternating releases of T, and T}, males,

d: Doukble translocation heterozygous males.

e: New karyotype, RT(1:2:3) males.

These programs were simulated under different proportions of
tranglocated to normal mosquitoes {2:1, 4:1, 6:1), If it is assumed that
the idealized population is stable and that density-dependent factors do not
aperate, the computer simulations indicated that:

(1} The optimal proportion of RT to normal males was four,

(2) Assuming an initial population of 2000 and in some cases 20 000,
it takes eleven generations to 'eradicate! a population if Ty, males are
released, eight generations if alternating releases of Ty, and Ty males are
made, six generations if T, males are released and five generations if
either double heterozygotes or new karyotype males are released, In all
cases these resulis were obtained after the introduction of translocated
maleg for five to gix generations. When the population growth rate is up to
five-fold per generation, the double heterozygote is capable of effecting
! eradication',

DISCUSSION

The successful eradication of the screw~-worm fly from the island of
Curagao and the southeastern United States through the release of males
sterilized by gamma radiation has stimulated great interest in the
possibility of extending this and other genetic techniques for the control
of several other noxious species of insects. With mosquitoes, three
trials with the sterile-male technique have been unsuccessful. However,
in spite of these unsuccessful attempts, theoretical considerations indicste
that this technique should be applicable for mosquito control [ 7]. Neverthe-
less, considerable effort, in several laboratories arcund the world, is
underway o develop alternative genetic methods for controiling mosquito
populations,

One method that is currenily being evaluated for application to the
yellow-fever mosquito, Aedes aegyptl, is the use of chromosomal
translocations. We have recently isolated seven translocations in this
species and completed work on two, The radiation-induced break points
have been genetically mapped in both transiocations. Thig localization is
important, particularly in the case of sex-linked translocations, for the
distance between the male locus (M) and the break point will determine what
frequency of normal (nen-iranslocated) sons will appear among the progeny
of translocated fathers.
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Though originally both these iranslocations inveolved the male-determining
chromosomes, female translocation heterozygotes have been established
by appropriate crosses, Furthermodre, two types of males heterozygous for
each translocation have been congtructed., In one type (T, ), the male-
determining chromosome ig transglocated, andinthe other'u{’rm), the female-
determining chromosome is translocated. In addition, by intercrossing
both these translocations, double translocation heterozygous males have
been established,

Whereas each translocation heterozygote is associated with semisterility,
the fertility of double translocation heterozygous males is approximately
25% of RED stock, often much lower, Fertility of RT(1:2) heterozygoles
wag slightly lower than that of RT(1:3). This may be due to the additional
presence of a pericentric inveraion in one of the translocated chromosomes,
Confirmatory evidence for this comes from the cytological analysis and
from a reduced rate of recombination in the area across the ceniromere
in the translocated stock.

Resulis included in this paper have demonstrated that the mating
competitiveness, fecundity and longevity of RT(1: 2) males were comparable
to those. of the wild-{ype ROCK males., These siudies have been further
extended to laboratory population cages. When RT(l : 2) males and RT(l : 3)
males (in which the male-determining chromosome, Ty, is translocated)
were fested againgt RED males in proportions of 1:1, 2:1, 4:1, 6:1 or
13:1 for matings with R] RED females, the translocated males were either
equally competitive or ‘often outcompeted normal males and thus in subsequent
generations produced expected or more than expected translocated progeny
respectively, In most cases, the only genetic difference between the two
types of males consisted of a single gene: spot versus wild-type abdomen
in RT(1: 2) experiments and red versus wild-type eyes in RT{1 :3) experiments,
It should be mentioned that L.aven [4] also observed an efficiency index
of male-linked translocations in Culex pipiens ranging between 1.7 and 2.1
compared with the efficiency index of 1 for normal males,

Another observation of interest from the population cage experiments
was a preponderance of maleg in several populations, This does not appear
toc be a consequence of translocation heterozygosity bul may be due to the
sex distorter gene [ 16] which is very tightly linked with the M locus. A
combination of the translocation with the 'male producing' gene could
provide an additional advantage for population control,

A likely objection that may ke cited against the population cage experi-
ments is that the resulis were predicated on the premise that a natural
population will be stable to the point that in the absence of the introduced
translocation-related sterility, it dSes not underge any increase or decrease
from generation to generation. Admittedly, this assumption is artificial.

It is well known that mosquito populations do undergo substantial increases
ag well ag decreases, Nevertheless, according to Laven [4] "releases of
tranglocation males into a population which iz continuously decreasing would
enhance the downward trend and, theoretically, lead to total eradication''.

On theoretical grounds, it is expected that the rate of population
suppression following releases of males in which the female chromosome
ig translocated (T} should he more rapid than comparable releases of males
in which the male-determining chromosome is translocated {T,;). This
happens because in the former case female translocation heterozygotes will
be produced among the progeny which will themselves be semisterile,
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Farthermore, when such females mate with males heterozygous for the

same translocation, translocation homezygotes will be produced and if these
homozygotes are inviable, the overall population will be proportionately
reduced, The most rapid rate of population decline is expected to ensue

from releases of males which are heterozygous for both RT(L:2) and
RT(1:3}, Not only is the fertility of such males approximately one-half of
each translocation beterozygote, but they also gemerate into a breeding
population RT(1:2), RT(l:3), a new translocated karyotype, RT(1:2:3),

and the normal individuals in approximately equal proportions [15].

These expectations have been borne out by the computer simulation programs,

Rai [17] has developed a technique for the induetion and isolation of
sex-linked recessive lethals in A, aegypti. If a recessive lethal mutation
is induced on the female-determining chromosome in the translocation
heterozygote males, daughters of matings involving such males and normal
females will be heterozygous for the lethal in the F, generation, Half of
the females formed in the subsequent generations ariging from matings
involving males and females heterozygous for this lethal will die, It will
be most desirable to have the lethal very tightly linked with the female-
determining locus or associated with an inversion so that it will not be
lost through genetic recombination, Such a combination of the translocation
system and a recessive lethal factor should bring about a more rapid
Ppopulation decline than will be possible through the use of either one of
the two systems,

Although actual large-scale field releases using the translocation
system have not yet been undertaken with any insect species, Wagoner [13]
has reported that an experimental release of both sexes of Musca domestica
carrying a heterozygous translocation between chromosomes 11, 1L and V at
a 9:1 ratio to wild iype reduced the population to approximately 0. 25% of
the conirol level in two generaticons,

In addition to their populatior suppression potential, Curiis [19] has
proposed a posgible application of the use of iranslocation homozygotes
to fix desirable genes in insect populations. If such homozygotes {T'T),
carrying genes for refractoriness to diseases or genes conferring insecticide
susceptibility, are released into populations in nmumbers "so that the T
frequency in the wild population exceeded the equilibrium point, the
population would gradually approach fixation hoth for the T chromosomes and
the gene for non-infectibility'', Thus the genetic structure of a vector
population could be changed such that a population becomes unable to
transmit a disease,

Although it has not yet been posgsible to chtain tranglocation homozygotes
for RT(1:2) and RT{1:3), the failure of getting translecatiomhomozygotes
may be due to the pregence of similar recessive lethalg in each of the
translocated chromesomes, as they were originally derived from the same
individual. A program of outcrossing translocation heterozygotes is
currently underway, It ig expected that this may rid the iranslocated
chromosomes of recessive lethal genes through crosgsing over, Crossing
the fermale and male translocation heterozygotes following the above
procedure may produce viable homozygotes, If such homozygotes can be
obtained, a considerably improved potential for population control purposes
would ensue.

Population cages containing normal females and males and either Tm
males or double translocation heterozygote males will soon be set up,
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The results will be compared with those obtained with RT(1:2) and RT{1 : 3),
It may also be mentioned that the potential of the use of the transiocated
males will be tested in large field cages and finally, if these results

warrani it, againgt an isclated small-scale natural population in collaboration
with the USDA laboratory on '"Insects Affecting Man' in Gainesville, Florida
and/or with the World Health Organization field unit on "Genetic Control

of Culicine Mog&quitoes" in India,
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DISCUSSION

M. J, WHITTEN: I wonder whether Mr, Rai has undertaken computer
simulations involving conventional sterile males and would be able to discuss
the relative merits of the X-autogsome translocations that he has described
and of the conventional sterile-male technique. I notice that the maximum
zygotic mortality provided for in the application of his scheme is 80 - 90%,
What is the efficiency of these releases compared with the releage of males
irradiation-sterilized to the same level?

K.S, RAl: We have not conducted any computer simulations involving
so-called !conventional' sterile males, Nevertheless, if I recall correctly,
Mr, Curtis discussed the results of just such a study in a paper in 1968 and
showed that a gingle release of translocation homozygotes could theoretically
eradicate a tsetse-fly population in something lHke twelve generations, while
a gingle release of sterile males in equal numbers could not result in
eradication, Thus, in terms of the cumulative load, the homozygote system
wag more effective than the sterile-male technique. Perhaps Mr. Curtis can
comment on this further,

Of course, it will be most worthwhile to compare the effect of our
heterozygous translocations of various types with that of gterile males, and
we intend to carry out such simulations shortly,

C.F, CURTIS: It is true that the release of a given number of
autosomal translocation homozygotes can be expected to cause a greater
accumulated genetic load on a population than the release of the game
number of equally competitive sterile males, but the load at any one
generation would inevitably be limited, In this connection, I think it
worth re-emphasizing that the effectiveness of limited loads in causing
a population reduction depends on the extent to which the population size
is buffered by density-dependent factors.
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Abstract

INDUCED CONDITIONAL LETHAL MUTATIONS FOR THE CONTROL OF INSECT POPULATIONS,

Gonditional lethal muzarions have been induced in microorganisms, insects and mammalian tissue
cultures. The melecular basis of these types of mutations fs now well understood and is being used for
a varlety of genetic analyses; to map the genome and study macromolecular synthesis in microorganisms,
and to study gens action during development in Habrobracon and Drosophila,

Temperature-sensitive lethal mutations, a class of conditional mutations, can be induced by
radfation and a variety of chemical mutegens, For example, ethyl methanesulfonate is a mutagen that
induces remperature-sensitive. mugations at a relatively high frequency in Insects. These mutatlons are
expressed as wild type at one remperature (the permissive temperature) but as a lethal phenorype at
another temperatuze { the restrictive temperatue).  As with most induced mutations the majority of these
mutations are recessive, but as a matter of prime importance for insect control it should be noted that
dominant conditional murations have been induced in microorganisms and insects.

There are many possibiiities for types of induced conditional dominant lethal mutations which
undoubtedly would be usefulfor the control of insect populations. Mutations could be selected on the
basls of temperature-sensitivity, either *het' or ' cold’ sensitive lethal mutatons, which could be used
under different climatic restrictions. Alse, murants could be selected thar would not feed on their natural
foad source but only on an artificial diet. These particular variants may have defective mouthpares or be
some form of chemical-sensitive mutants, Along the same line, a mutant might be induced which could
change the feeding habits of the papulation to use some economically unimportant food source instead
of the primaty source.

A conditional letha] mutation allows survival and growth of a cell or organism under one set of
environmental conditions (permissive) but not under a different set (restrictive). Nutritional
mutations found in microorganisms are conditional Jethals in this sense, The restrictive condition is
the absence of a particular nutrient in the growth medium. If the nutrient is added, conditions are
permissive. However, there are many mutations, in higher organisms and microorganisms, the
effects of which cannot be overcome by the addition of nutrients to a growth medium.

Temperature-Sensitive Lethal Mutations

Some mutations result in a singie amino acid substitution in the protein coded by the
particular gene. This altered gene product may function as well as the wild-type protein. Usually it
does not, Sometimes it may function at one temperature but not at another. In the latter case we
call the mutant ““tempersture-sensitive.”” 1f the gene is indispensable, the mutant is a
temperature-sensitive lethal. Under the permissive temperature the organism expresses wild-type
phenotype (survival and growth) while under restrictive temperatures it expresses the mutant
phenotype (death).

* Research sponsored by the U.S. Atomic Energy Comimission under contract with the Unlon Carbide
Corporation.
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Temperature-sensitive lethal mutations have been induced and used in genetic, developmentat,
and biochemical studies in NMewrospora [1], bacteriophages [2], bacteria [3], and yeast [4].

P. W. Whiting [3] was probably first to recognize a temperature-sensitive mutation in an
insect. The mutant found in Habrobracon juglandis had kidney-shaped eves at low temperature
but was expressed as a lethal at a high temperature. Now that the molecular nature of
temperature-sensitive mutations are understood, they have been induced and used in genetic
analyses in Drosophila [6, 7, 8] and Habrobracon [9, 10}. These mutations are heritable and map
throughout the genome. Most are recessive, but dominant temperature-sengitive mutants have been
found [4, 8].

Conditional mutations of almost all genes can be induced with radiation and chemical
mutagens. In insects, the mono-alkylating compounds such as ethyl methanesulfonate (EMS}, are
the most effective in inducing point mutations, especially those of the temperature-sensitive type
{6]. .

Ten to 20% of all recessive lethal mutations induced by EMS in sperm of Habrobracon
serinopee are temperature-sensitive. Mutations are easily detected in this wasp because the diploid
virgin females produce haploid male progeny parthenogenetically. Thus the entire genome can be
screened for mutations in the second generation after a treatment with a mutagen. Many
temperature-sensitive mutations have been made homozygous and maintained in the [aboratory
under permissive conditions.

As in microorganisms, the very nature of these conditional mutations has permitted the study
of gene action during development. The phenotype of each mutant is death at a particular stage of
development at the restrictive temperature (35°C) but survival to adulthood, or wild-type
phenotype, at the permissive temperature (28°C). By shifting the developing wasp from 35°C ta
28°C at different time intervals, the time and stage can be determined at which the gene product
becomes necessary for survival to adulthood. By shifting the wasps from 28°C to 35°C at different
time intervals, the time and stage can he determined at which the gene product is no longer
necessary. From these experiments a pattern of gene action can be obtained for each
{emperature-sensitive mutation in a developmental gene [11] .

Figure 1a shows the pattern of temperature-sensitivity for a particular mutant, #s1-5. Each
point on the graph represents the frequency of survival to adulthood of individuals transferred
from one temperature to the other at the specified stages of development. When eggs from a
female homozygous for 1si-5 are placed at 35°C, the progeny die soon after hatching as indicated
in the figure. However, as shown by the pattern of temperature-sensitivity, the gene product
remains necessary until the pupal stage for survival to adulthood.

In contrast to &5 development of (/-6 is arrested in the pupal stage st the restrictive
temperature, and the gene product is necessary for only a short time before the lethal phase
(Figure 1b). Some individuals carrying this mutation show different degrees of differentiation
between the left and right sides, or between their head and thorax when development is arrested.
One side or the head may be in the early pupal stage (no body pigment) while the other side or
thorax is in the mid-pupal stage (with adult body pigment). These animals are haploid, and each js
carrying the mutant gene; i.e., these are not genetic mosaics. The phenotype seems (o be the result
of differential gene action which is at present unexplained,

Figure lc shows the pattern for fsi-f where the stages of death are spread over a long period of
time, and the time of gene action coincides with the same period, The gene product is avaitable
over a long period but is not absclutely necessary for survival in the later stages of development.
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These are just a few examples of several temperature-sensitive mutations found in Habrobracon
serinopae. The pattern of gene action and the time of death have been unique for each mutant so
far examined. Many show pleiotropic effects, such as mate or female sterility and morphological
variations {(body color, wing structure). At least one shows evidence of dosage compensation, in
that the haploid is completely lethal at the restrictive temperature, but a low frequency of diploids
survive to adulthood, and some die at later stages of development than the haploid individuals.
Some of the mutanis can be maintained heterozygous but are lethal at both the restrictive and
permissive temperatures when the female is homozygous for the mutant gene.

Noticeably, I have avoided stating what the products of the genes are in which we have isolated
ts mutants. The reason js that [ do not know. 1 have many ideas, but I cannot say which is the
right one. H is our goal to understand better the developmental processes in a higher organism by
the use of conditional lethal mutations, or what might be called the “genetic dissection of
development.” The important point for our discussion here is that it is possible to isclate and
characterize mutants with no inkling of the underlying physiology. Among the many kinds of
mutants which one finds in this way, some will hopefully be useful for purposes of insect control.
Let us examine some possibilities.

A dominant “hot-sensitive” mutant where the gene functions throughout the life cycle, except
as an adult, could be very effective in insect control. The mutant would be raised in the laboratory
under permissive conditions and then released into nature to interbreed with the natural pests.
When the eggs were laid from such crosses, the eggs, larvae, and pupae would die when exposed to
the natural restrictive temperatures. Of course, the restrictive temperatures as tested in the
laboratory should be determined by thé minimum average day-time temperature of that region
during the critical season. An ideat theoretical temperature-sensitivity pattern for such a mutation
is shown in Figure 2,

A dominant “cold-sensitive’’ mutation would work in the same manner, except that it would
be effective in regions where temperatures drop to low levels at night in the spring and, possibly,
early summer, The idea would be to kill the eggs and small larvae before they got a chance to feed.
Also, it would be very effective for control of insects which have to overwinier as larvae or pupae.
The critical phase for a mutant which had to overwinter would be just before, or after, diapause.
In fact, a cold-sensitive mutant would be an example of a non-diapausing mutation.

A third type of temperature-dependent mutant would be a hot- or cold-sensitive sterility
mutant. Raised in the laboratory at the permissive temperature this mutant would be fertile.
However, if the adult were placed at a restrictive higher temperature in the laboratory or released
when its gomnial cefls were starting to develop andfor differentiate, it would be rendered sterile.
Matings with animals in nature would yield no offspring.

Other Lethal Mutations of Potential Use

Temperature-sensitive lethal mutations are a class of “generalized” conditional lethal
mutations, in that such mutations can be induced in most indispensable genes. There exists at least
one other class of generalized conditional lethals, such as the genetically suppressible mutants
found mainly in microorganisms. However, these have not been studied in insects in great enough
detail for us to predict their usefulness in insect control. The concept of conditional lethality,
however, includes more specialized types of mutations. In these cases, the specific functions of the
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genes involved are important. Each specific type of mutant sought will require a special isolation
and selection technique. With no pretense of being exhaustive, 1 shall discuss here a few types
which come to mind.

Non-diapsusing mutants. — Klassen er af. [12] have discussed the use of non-diapausing
mutations in insects. Essentially, the idea is to use strains of insects, such as the boll weevil, from
regions where they do not undergo dizpause, and 10 allow those strains to interbreed with natural
populations that must diapause to overwinter. Of course it is necessary that diapausing be
recessive,

Non-feeding mutants. — Mutations which affect the feeding habits of insects in nature would
be very useful in insect control. Mutants with defective mouthparts that would feed on artificial
diets but are unable to feed on their natural food source would be one type. Another type would
be behavioral mutants which would not or could not seek out and feed on their natural food
source.

A mutant type which would change its diet to an economically unimportant energy source, or
even feed on another pest, is another possibility. Recessive genes could be used to change the
population to a new food source by combining this technique with the sterile-male method or one
of the conditional dominant lethal genes. The dominant lethal genes would eliminate the insects’
attacking the economically important crop while their feeding on the aiternate food source would
be less affected, Repeated treatments would shift the recessive gene frequency drastically towards
feeding entirely on the alternate food source until finally only the new population (ecospecies)
existed.

Behavioral traits are inherited in all animals, and mutations have been induced which alter
behavior in jnsects [see 13, 14], It should be possible to induce and use mutations of the type
menticned above for control of many, if not most, species of insect pests.

Cocoonless mutants. — In our laboratory a mutation was induced with EMS in the parasitic
wasp, Habrobracon serinopge, which was unable to spin a functional cocoon [11]. The silk was
made by the larva but it then pupated on the surface of the randomly spun mat of silk. Only under
special conditions of temperature (28°C) and relative humidity (50-60%) did the individuals
survive to adulthood.

What would happen to an insect in nature if it could not construct a functional cocoon or
produce the necessary silk? Its exposure to extreme temperature and humidity fluctuations,
soaking by rain or snow, and subjection to easy predation by natural enemies would drastically
decrease its chances of survival to adulthood.

Multiple conditional recessive lethal mutations, — Genomes could be constructed containing
several conditional recessive Jethal mutations which would be expressed at different times during
development. These mutations could be used in conjunction with genetic methods, such as mejotic
drive [15] and translocations [16] to increase the frequency of the ¢conditional mutations before
their critical phases were expressed, so that the population would be drastically reduced several
generations after the initial introduction of the genes.

Schemes for Selecting Useful Mutations

Much research has gone into the biology {life cycle, physiology, behavior, genetics, ecology) of
many insect pests, We shall take as our example the codling moth, Carpocapsa pomonella, for a
concrete possibility of selecting induced conditional lethats. This insect is an internationally
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important pest to pomes [17, 8} and artificial diets are available which do not require its natural
food source as an ingredient [19, 20]. Undoubtedly many other pests such 2s the sugarcane borer,
Diatraea saccharatis and the olive fly, Dacus oleae fulfill these criteria as well.

Mutation and selection of nonfeeding mutants, — Either one or both parents of the codling
moth are treated with a chemical mutagen or by radiation. EMS, or some other potent mutagen, is
fed or administered as an aeroscl [21] or an aerosol under reduced pressure {22]. In Drosophila
[6] and Habrobracon (23], feeding of EMS yields a high frequency of point mutations in the F
generation with low frequencies of dominant lethality in sperm, A dose-action curve for dominant
lethality in sperm and eggs (F,} should be determined in the codling moth and then compared to
second generation mutation frequency (F:) for temperature-sensitive dominant and recessive
lethal mutations, Based on the experiments in which EMS was administered to Drosophila and
Habrobracon, one would expect a high yield of second generation point mutations without a high
yield of dominant Jethal mutations {(chromosomal aberrations).

When the dose of a mutagen is determined for the effective induction of point mutations, the
eges of the treated parents are placed on the artificial diet. In, or close to, the artificial diet an
apple or some other suitable pome is placed which contains a lethal dose of insecticide, or
preferably, a more lethal poison which does not permit insecticide-resistant mutants to arise. Only
those individuals which de not seek out and eat the pome will survive. In this way, several
thousands or even millions of eggs can be screened for “non-feeding™ mutations. Larvae of the
codling moth are known to prefer the natural food source and will seek it out when given a choice
between the artificial diet and a pome fruit [24].

The survivers can then be progeny-tested and selected again under the same conditions to
determine the “true”™ mutants from the “lucky™ escapees.

With a slight modification, this technique can be used to give the newly hatched larvee a choice
between the natural food source containing the insecticide and an economically unimportant food
source. Again the individuals selecting the alternative food source are progeny-tested.

When a mutation is found, it must be made homozygous and compared to the wild type for
competitiveness, and expetimental cage studies must be made. Successfully tested mutant lines can
be maintained in small cultures in the laboratory; large populations need be built up only when
they are to be used in the field. The kinetics of population depression should be similar to those
described by Klassen ef al. [12]. Of course, male and female codling moths will not have to be
separated, since both sexes will be homozygous for the trait. The appeal of selection of these
mutants is that they will in no way endanger the crop when released in vast numbers.

Selection of temperature-sensitive mutants, — Dominant temperature-sensitive mutations will
require progeny-testing of each zygote from the treated parents. If genetic variants are known for
an ingect, the screening procedure for temperature-sénsitive lethal mutations is simple. If genetic
variants are not available for an insect pest such as Carpocapsa then visible mutations (eye or body
color, isozymes, etc.) can be induced or obtained from nature as & first step to screening for the
mutations which can be used in insect control. Of course, mutations which are sex-linked and
sex-limited will be the easiest to obtain for those insects where one sex is hemizygous for sex
chromosomes. Once these mutations are isolated on the sex chromosome, then the temperature-
sensitive mutations can be detected,

Figure 3 illustrates a method by which sex-linked dominant or recessive temperature-gensitive
lethal mutations can be obtained. This method would require one, and preferably two, sex-linked
visible marker genes. For example, assume that two sex-linked markers, r and 5 are known for
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FIG.3. The induction of sex-linked conditional lethal mutations. The permissive condition Is the
opilimal temperature or a particular set of conditions within the laboratory. The restrictive conditians

are high or low temperatures or some set of conditlons expected in natwre, For simplification this example
assimes no gepetic crogsing over between the sex-linked markers, xand 5. The objective would be to
look for palr matings which produce very few or no wild-type progeny under restictive conditions, These
progeny would be caxying the conditional mutation (c¢m) {nduced by a mutagen.

Carpocapsa, The hemizygous, wild-type female parent is treated with a chemical mutagen and then
mated to an untreated male homozygous for the two sex-linked markers. The resulting male
progeny are pair-mated to virgin females hemizygous for r and 5, The progeny of this cross are then
exposed to high and low temperatures. If there is an absence of wild-type males and femates at the
high but not at the low temperature, then a dominant conditional lethal mutation has been
induced in the sex chromesome. An absence of only wild-type females indicates that a conditianal
recessive lethal mutation has occurred on the sex chromosome. By back-crossing the wild-type
animals and progeny-testing again at both high and low temperatures, the mutant type can be
made homozygous,

Female progeny from the same cross can be mated to wild-type males and tested in a similar
manner to detect sex-limited conditional lethal mutations (Figure 4). These types might be of
limited value, however, because only females would be killed, while males woyld be unaffected,
On the other hand, it would be possible to rear the female progeny at high and low temperatuses
to determine whether or not they carried a mutation for sterility. If they did, they could be
exposed to high temperature in the Iaboratory before they were released into the field. The high
temperature would render the females sterile, so mating with wild-type males in nature would
produce no progeny.

Temperature-sensitive lethals which are found independent of the sex ratio are autosomal in
origin and are dominant. Of course, without markers these would be hard to detect. Tedious F,
adult/egg viability studies would have to be made from each cross, following the treatment of
either or both parents. Therefore, a genome which contained more genetic variants would be more
versatile in screening for temperature-sensitive mutations.
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FIG.4. The induction of sex-limited conditional mutations in females. See Fig.3 for the explanation
of the symbols,

In all cases, the time and stage of death and the time of gene action should be determined for
each temperature-sensitive mutation, Fernale sterility, death during embryogenesis, or death
shortly after hatching would be ideal. The time of gene action, then, would be early in
development. For a margin of safety, the gene preferably should remain nonfunctional throughout
the larval and pupal state, in case some individuals escaped the critical temperature during an
earlier stage (Figure 2).

In the above discussion, the term “temperature-sensitive™ has been used in its conventional
sense meaning “hot-sensitive.” The same procedures would apply for selecting “‘cold-sensitive”
mutants.

General Discussion

Knipling et al. [25]} and Klassen et al. [12] recognized the potential of conditional dorninant
lethal mutations in the control of insect populations when they proposed the use of
non-diapausing mutant types introduced into jocal populations where diapause is necessary for
overwintering. The potential of conditional mutations for the control of any insect population
may be realized by the induction of mutatioﬁ{ls that cause death under natural conditions but allow
development to adulthood in the laboratory. The ideal conditional lethal should be dominant, and
should be expressed at some stage before the insect feeds.

The introduction of a geographically isolated strain into a new locality could have some
undesirable effects. Mating between the two strains might not be random. If the populations had
been isolated for a period of time long enough to have evolved a different mechanism for diapause,
some degree of mating behavior might also have changed. The two strains would probably
contribute a great amount of genetic variability into the local population. A few escapees with
some resistance to the non-diapausing traits could evolve into resistant forms. In other words, by
introducing new genetic variability, the rate of natural evolution of this new local strain might be
increased, The escapees could be heterotic in many respects, or they might be naturally selected
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for several traits such as fecundity, mobility, and mating proficiency. On the other hand,
conditional mutations induced by mutagens and used in the local populations would contribute
only a limited amount of new genetic variability.

In time, as with insecticide resistance, the natural populations would evolve resistance
(modifying genes) to the conditional mutations. However, with a continuing program of inducing
and isolating new conditional lethal mutations, a maintenance of several useful mutant strains
should allow the program to keep up with, or ahead of, natural selection. As a natural population
developed resistance to one conditional dominant lethal mutant, another mutant of a different
allele or gene would be used in the next generation. Further, introduction of insects from the wild
population on a continual basis into the breeding population in the laboratory would obviate the
evolution of a new species that would not interbreed with the wild (natural) species.

Summary

Temperature-sensitive mutations have been induced and studied in Habrobracon serinopae.
The mutants show a wide spectrum of variation in times of death and gene action, The same is true
for Drosophila. There is no reason to believe that a similarly rich spectrum of mutations ¢could not
be isolated in any insect. [ would like to recommend that the use of such mutations be seriously
considered for the control of insect populations. In addition, many other types of conditional
lethal mutations should be considered; I have tried to suggest only a few possibilities for a
particular species. Modern techniques of producing point mutations with potent chemical
mutagens, advances in artificial media for rearing insects, and relatively straightforward genetic
analyses make such a program fzasible.
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Abstract

USE OF NITROGEN DURING IRRADIATION TO IMPROVE COMPETITIVENESS IN STERILE MALES OF
Rirodnius prolixus.

The control of insects by the sterile-male method requires a high level of sterility in males; also,
these males must be able to compete successfully with nnireated individuals, Radiation exposures sufficient
to produce steriléty tend to reduce mating freq; y and life-span in irradiated males, A more favourable
balance between these two effects has been obtained by irradiating males of Bhodnjus prolixus in nitrogen.

In groups treated at three exposure levels (5, 10 and 15 kR) in afr, the two higher exposures killed the insects
or interfered with mating within the flzst T weeks, Conversely, the insects exposed in nitrogen at these

doses survived more than 15 weels, and demonstrated continued mating activity over this period. Tests of
competitiveness between rradiated and unirradiated groups, in which different ratios of sterile/normal males
were tested with females, indicated that anoxia during irradiation produced a mbstantial imprevement in
competitiveness for a given degree of sterility. The results showed that the sterile insects could successfully
lower egg hatch to less than 20% over two months at 9: 1 ratios and to less than 50% over the same period

at 7+ 3 ratios of sterile to fertile males,

INTRODUCTION

In the application of the "sterile male' method of insect control,
sterilizing exposures of ionizing radiation usually result in a reduction in
survival and mating activity of treated males. Thus the effectiveness of
irradiated males in controlling the growth of populations sovon digappears,
and the proportion of viable eggs producing young returns to normal. In
Lucilia, Donnelly [1964] has stated that irradiated sterile males could mate
only once or twice, whereas normal males average at least aix and some-
times twelve copulations. In studies with Rhodnius, Baldwin and Shaver
[ 1962] have shown that adult males exposed to 17,500 R died by the end of
9 weeks, and that mating activities declined during the third and fourth
weeks, ceasing altogether in the second month. Also, Gomez et al. [1964]
found that longevity and mating in Rhodnius were sericusly affected by
sterilizing exposures of y and X-ray radiation.

The results presented in this paper deal with protection afforded by
anoxia during irradiation of males, i. e. in terms of survival and mating
ability. Data on the sterilizing effect of radiation at three different dose
levels in both air and nitrogen are presented as well as the results of popu-
lation tests in which different ratios of males irradiated in nitrogen and
normal individuals were tested with a constant number of normal female
insects.

469
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METHQDS

Adult Rhodnius males from a large laboratory culture were ir-
radiated in air and in nitrogen, The insects were placed in a amall plastic
cylinder through which nitrogen gas or air could be circulated and rotated
near a cobalt source. The nitrogen-irradiated males were held in the gas
(3 liters /min, } for 10 minutes before and during the radiation exposure,

In the nitrogen atmosphere, the insects immediateiy became unconscious
and immobile on the floor of the cylinder, They recovered, however, in a
very short time after the chambers were opened to the air, The irradia-
tions were done with a 5000 Ci source at an exposure rate of 628R /min,
Following thig treatment the males were offered a blood meal [Ba.ldwi.n and
Shaver, 1962] and were mated to females. The feeding and mating to new
females were repeated at intervals (see Table 1), and the mating frequency,
the number of eggs deposited and the number of eggs batching were re-
corded. The frequency of mating data was obtained by direct observation
of single pairs. In these tests, the same males were used throughout; new
fernales were mated to these males at the time intervals explained above.
Mating usually accurred within half an hour after the females were placed
in vials with the test males; after mating, the females were held separate-
ly in ovipasition jars.

The effect of sterile males on small laboratory populations was
tested by placing different ratios of irradiated/fertile males (total of 10)
with 10 normal females in large glass jars with bletting paper for egg de-
position. The hatch of eggs deposited during successive months for a 4-
month period was recorded (see Fig. 1). Femalez were replaced at the
end of each month, The radiation exposure employed in the population
studies was 15 kR,

All experimental material was held in a rearing room at 23°C

{70% R.H. ). Full details of the rearing and maintenance of Rhodnius have
been presented in a prior publication [Baldwin and Shaver, 1962},

RESULTS

Irradiated adult males

The first experiment was designed to test the protective effects of
anoxia during sterilizing exposures of radiation. Different groups of 5
males each were irradiated at 5, 10 and 15 kR in air and nitrogen;
unirradiated males were mated to females as controls {Table 1). Records
of eclosion of eggs from different groups of fernales paired at intervals
with the irradiated males showed that at the lower exposure (5 kR), the
irradiation did not interfere with mating in either air or nitrogen {Table 2),
but did produce a reduction in the egg hatch with both treatments {Table 1).
Although egg hatch was depressed in each case to less than 50 percent,
there was no obvious difference in the results. Higher doses in air which
produced sterility did interfere with mating, a situation which was not
found with nitrogen treatment during irradiation {(Table 1), For instance,
at 10 kR, complete sterility occurred within 7 weeks in males irradiated in
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FIG.1. Monthly hatch of eggs from groups of 10 females confined with different ratios of sterile : fertile

males,
TABLE 1
Eclosion of egge from femalea mated under observation at intervale to males
irmdiated in air and nitrogen at three different exposure levels,
Matinga*® 5,000 R 14,000 R 15,000 R
Air Ny Adr N, Air N, Controle
Eggs % |Egga % |Egga % [Eggs % |Eggs % |Fggs % |Fggs %
Hatch Hatch| Hatch Hatch Hatch Hatchl Hatch

0 weeks 124 17 132 31 103 3 4 B3 16 65 i 116 0.8 |69 529
2 weeks 99 30 123 48 J135f 18 118 2B 43 [H 64 0 124 70
7 weaks 170 42 95 24 44 ] 126 17 - 58 0 176 65
10 weeks 111 40 b4 31 e 109 [ - 2l © 136 46
15 weeks 88 28 87 4 - 70 9 - 46 0 18 50

* Although five normal females were piaced with treated males at each different date,

matings did not occur in some cases,

**  Dapgh indicates that mating did not take plate,

{See Table 2},
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air; however, mating activity among the males ceased at 7 weeks follow-
ing this treatment. In nitrogen, the 10 kR exposure reduced hatching to
less than 10 percent after 7 weeks, while mating activity continued over the
whole period. At the highest exposure {15 kR}, complete sterility in males
irradiated in air was found at the first mating, but here again, mating was
seriously affected, and none of these malen attempted copulation after the
second week, Nitrogen treatment at this dose produced males which were
actively mating over the whole 15 week period. These individuals were
almost completely sterile, only the 0 week group producing a hatch of 0. 8
percent,

TABLE 2

Frequency of obeerved matings among 5 males irradiated at 3 different
exposures in air and nitrogen

Mating Control 5,000 R 10,000 R 15,000 R
Air N z Air NZ AiT N 2

b weeks 5 5 5 5 5 5 5

2 weeks 5 5 5 5 5 3 5

T weeks 5 5 4 3 4 None 4
(1 dead)

10 weeks 5 & 3 None 4 Noue 3
(3 dead)

15 weeks 5 5 4 None 4 None 3
(5 dead)

In Table 2, the records of the number of matings among males
from the above experiment confirms that nitrogen during expoaure not only
extends the period during which the males will mate, but shows, at the
highest dose, that high mortality among insects irradiated in air did not
occur with Nz, at least during the experimental period. As shown in
Table 2, a few individuals irradiated in nitrogen at each dose failed to mate
after seven weeks; this might be a combined effect of advancing age and
radiation effect.

Population Study

In previous tests of the effects of sterile males on laboratory popu-
lations, fertility levels returned to normal after a month, presumably
because of inhibition of mating activity prior to early death in the irrad-
iated males [Baldwin and Shaver, 1962] . These ingects were irradiated
in air (at 17. 5 kR} and did not survive beyond 2 weeks. In the present
experiment, groups composed of different ratios of males irradiated in
nitrogen (at 15 kR) and untreated males (10:0, 9:1, 7:3, 5:5, 3:7 and 0:10}
were held with a constant number (10) of normal females in glass contain-
ers for 4 months, The insects were fed on rabbit blood and the females in
each jar were replaced each month. The percentage hatch of eggs from
each group was recorded at monthly intervals (Fig. 1).
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With the first group (ratio -10:0} in which only nitrogen irradiated
males were present, egg hatch was reduced from 9 percent in the first
month to 3 percent in the 3rd and 4th months. Although the presence of one
untreated male in the 9:1 ratio group produced a considerable riae in
hatching rate, egg eclosion did not return to normal levels over all 4
months, indicating that the treated males were actively mating over this
whole period. Again, at the ratio of 7:3, the effects of the nitrogen irrad-
iated males were evident over a three-month periocd, although the activity
of the 3 normal individuals caused fertility to rise rapidly. The effect of
sterility was visible for two months at the 5:5 and 3:7 groups; however,
the normal males in these latter groups socon obliterated the effects of the
sterile insects,

DISCUSSION

These studies on radiation-induced sterility in Rhodnius show that
irradiation in nitrogen will produce sterility while affording considerable
protection from the deleterious effects of gamma exposures on mating
activity and survival. The protection afforded by anoxia is well illustrated
in the teste of sterilizing exposures, where the two highest exposures (10
and 15 kR} in nitrogen produced males which mated over the whole period
of 15 weeks, while in air, mating ceased at an early date and at 15 kR, the
males were dying at 7 weeks. At 5 kR, it was interesting that both air and
nitrogen irradiation at this comparatively low exposure depressed fertility
to comparable levels in both cases, with no indication of irnpairment of
survival or mating ability.

In the present work, it has been shown in laboratory populations
that sterility among males will inhibit egg eclosion when high ratios of
sterile: fertile males are placed with normal female insects. The males,
irradiated in nitrogen, proved to he effective in some cases for long per-
jiods of time, and at ratios of 9:1 and 7:3 of irradiated vs untreated males,
egg hatch was depressed for 4 and 3 months reapectively, This means
that the irradiated were competing with untreated males, showing that ir-
radiated individuals continued mating over extended periods of time. In
prior studies, the effects of males irradiated in air disappeared after a
month [Baldwin and Shaver, 1962] and although a slightly higher radiation
exposure was employed (17. 5 kR}, it is probable that nitrogen treatment
during irradiation would have extended the period when these males would
compete with normal males.

In Rhodnius, {emales mate repeatedly, and because of this factor
even a single fertile male in a group can eventually mate with most of the
females and successfully compete with a large group of irradiated insects.
Thus we have not been able to predict, through laboratory studies, that the
"gterile male' method of control could have practical application in the
control of this insect. 'The method of irradiating the males under anoxic
conditions substantially improved the survival and mating ability of steri-
lized individuals, results which will undoubtedly have application in the
'sterile male" method of control in other species of insects.
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DISCUSSION

J. ITARD (Chairman): Could Mr, Baldwin tell us the age at which
Rhodnjus prolixus was irradiated in his experiments?

W.F. BALDWIN: We irradiated the adults soon after they had
changed from the fifth to the sixth nymphal instar (within 2-4 days). The
irradiation was immediately followed by the first blood meal.

R.U. CARCAVALLO: I should like to know how long, in your '
experience, the insects could be kept in nitrogen without rizk of killing
them, |

W.F. BALDWIN: We found that 10 minutes was sufficient time to
give a maxzimum of protection. I have kept Rhodnius in nitrogen for up
to half an hour, however, without any apparent deleterious effects, I
have also kept Dahlbeminus, a small wasgp, in nitrogen for up to 2 hours, :

R.C, BUSHLAND: Inour experience the anoxia does not allow us to
achieve sterility while avoiding radiation damage, At Fargo several
years ago, Flint and Riemann attempted to prevent gut damage to the boll.
weevil by irradiating it in an atmosphere of nitrogen, The gut was
protected, but se were the gonads, sc that what had been a sterilizing
dose in air was ineffective in nitrogen, Raising of the dose to the
aterilizing level in nitrogen also damaged the midgut. North and Holt
of our laboratory made similar observations in the case of Heliothis
virescens,

W.F. BALDWIN: These experiments of mine certainly show that we
obtained sterilily with decreased somatic damage by irradiatién under
anoxic condifions, Alse, in work in Canada onthe codling moth, Proverbs
has reported that he irradiates adulis at 25 or 30 krad in nitrogen, with
good results,

J. THEUNISSEN: Did you observe any differences in the radiation
effects on the gonads of insects treated in air and in nitrogen?

W.,F, BALDWIN: As I remember, insects irradiated at a dose of
15 krad in air did show damage, especially femsles 3 ~ 4 weeks of age,

In nitrogen this damage was not evident.

G. HOOPER: With respect to the interpretation of your Fig.1, is
the first mating or the last mating of major importance in the case
Rhodnius in determining the egg hatch, or is there sperm mixing? In
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other words, what is the effect on the egg hatch of mating females
alternately with irradiated and untreated males?

W.F. BALDWIN: In tests with Rhodnius entailing alternate mating
of femnales with sterile and fertile males, we found that even after five
or six matings with sterile individusals a mating with a fertile male raised
the percentage of eclogion substantially, Mr. Gémez-Nifiez can probably
tell you more about this aspect than I, however,

I.C. GOMEZ-NUNEZ: We have noticed that when the sequence is
irradiated-normal-irradiated male, eclosion increases and continues to
increase, When the sequence is normal-irradiated-normal male, eclosgicn
decreases and continues to decrease, These effects vary according to the
dose applied and the time between matings, The mechanisms involved
are being studied at present,

C.T. LEWIS: Is the mechanism by which nitrogen, or oxygen
deficiency, provides protectich from radiation damage fully understeood
yet?

W.F. BALDWIN: H ig well undersicod that anoxic conditions do protect
organigsms from radiation damage; the mechanism is in some way
comnected with the low metabolic rate in the absence of oxygen.

C.T. LEWIS: I believe you exposed insects to nitrogen for 10 minutes
before irradiating them., Have you any information on the minimum period
of nitregen pretreatment which is required before insects exhibit resistance
to radiation damage? That might provide some indication of the rate at
which nitrogen displaces oxygen from cells.

W.F., BALDWIN: In studies of somatic damage after irradiation of
epidermal cells of Rhodnius prolixus, I found that maximum protection
was afforded by an exposure to nitrogen of 10 minutes. In fact, we addpted
the period of 10 minutes because it gave a good effect,

M.E, TZANAKAKIS: Was your criterion of effective mating insemination
or just the act of mating?

W.F, BALDWIN: We took as our criterion of successful mating the
period during which the male and female remained coupled. Previous
experience had shown that after 15 minutes the female would certainly
ke inseminated; for these studies we judged matings to be successful
after half an hour,
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Abstract

STOCHASTIC MODELS FOR EFFICIENT CONTROL OF INSECT POPULATIONS BY STERILE-MALE
BELEASE METHODS.

Because of air and water pollution due to indiscriminant uss of insecticides and herbicides, various
alternative methods for controlling undesirable insects and plant have been proposed. The dangers of such
chemical usage were amplified by Rachel Carson's famous book "Silent Spring” (1962),

The present paper alms to make efficlency comparisons. of the sterile-insect release method among
various modes of insect-mating systems on a theoretical model basis, This is one of & variety of bialogical
contrel methods, such as an {mraduction of predators, However, essentially no-quantitative evaluation was
made for {ts effectiveness wlien pest insects have different mating characteristics such as tonogamous vs,
polygamous and the degree of released male competitiveness and fertility and that of female fecundity, ete.

The author, a population peneticist, considers that varfous facets have to be examined before adepting
a particular sterife-male release system, The paper mentions four different mating possibilities: (1) male
and female are both monoganious, (2} maie Is polygamous and female is mancgamouns, (2) male {s monogamomes
and female s polygamous (tare case), and (4) male and female are both polygamous. In each model discussed,
various fitness components are included to lower pest insect population size o a reasohable level, Since there
exists 2 chance of invasion of a new population of a similar insect, a complete eradication of pest insects Is
not posstble, In other words, a complete eradication fs a point of unstable equilibrium in mathematical
terminology.

Some cases analysed in this paper are fa{rly simple, and their analytical solutions can be cbmined.
However, most cases are complex, and numerleal solutions are chtainable In table and graph forms by
camputing the values of complicated equations and simulating the systems on a computer (CDC €600). Such
tables and figures are included,

Introduction

The use of insecticides is one of the most effective methods to
control pest insects., However, there is a serious drawback, namely en-
vironmental pollution by chemicals ysed. How such apollutioninitiatesa
chain of imbalance among plantand animal speciesis well illustrated in
Rachel Carson's famous book, Silent Spring (1962} [1]. Since then,
varipus alternative means to control imsect population have become a very
important subject in various scientific communities. The active and
capable investigators such as Berryman {1967} [2], Knipling (1968) [3],
Proverbs (1969} ([4], and Varley and Gradwell (1970) [5], have intensi-
fied their research activities in theories amd experiments. There are a
number of gemetic znd non-genetic approaches to control the size of in-
sect populations.

* The financial suppert of AT <{40-1)-3681 and USPHS GM~1578% is acknowledged,
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The objectives of this paper are to investigate the effectiveness
of controlling population size by réleasing sterile male, or sterile
male-female insects with a few different modes of mating, by the method
of stochastic computer simulations, and to cbserve their effectiveness
and the change in genetic makeup when such control methods are used,

The Qutline of Simulation Scheme and Parameters

A number of variable parameters and constant parameters must be de-
fined to accommodate the simulation run without errors. The specification
of these parameters has to be precise and definitive.

The environment is specified by the carrying-capacity, IK, and its
variance, (2532. The IK is a normal random variable with given mean IK
and standard deviation VK. The IK used is always 400,000 individuals
and the value of VK is 40,000, although IK and VK can be changed to any
number,

The mmber of released sterile insects is a constant for a given
set of simulations runs, and designated by NS. One-half of NS are males
and the other half are females. However, NS stands for the Total number
of sterile males, when only males are released. Another biological para-
meter is the mating propensity of released males, C, which is a constant
for a given set of runs, although it can be modified for different runs.
The case of ¢ = 1.0 represents the situation where sterile males released
compete equally well in successful mating. However, the value of Cis
0.2 in all cases in this paper. The parameters, NF and NM, stand for |
the numbers of wild females and males. At the initial generation, they
are constant inputs, but they become stochastic numbers. The parameter,
P, is "population expansion factor" after the size of a population in a '
particular generation is reduced by genetic and environmental pressures.
The P is a normal variable with a given mean and variance, (VP)2. The
total number of insects before cutting the population by IK is desig-
nated by ISUM. -

The genetic parameters are survival rate and fecundity-fertility
combinations. ‘The population for a given sarvival rate, §, is generated :
by a binomial distribution with eleven (11) classes, 0.0, 0.1, 0.2 --- 1
1.0. The population for a given fecundity-fertility is also generated :
by a binomial distribution with eleven (11) classes. All possible com-
binations of these genetic classifications will form an 11 x 11 checker
board or matrix M (Figure 1). The all-wild females are put intoe these
pigeonholes at the initial generation. Then, the individuals from each .
cell for the next generation are randomly generated according to the
normal variate with mean = cell value and standard deviation = 0.10
x mean, where cell values are the product of survivel rate and.fecundity- )
fertility corresponding to row and colupm in M. An example of the genetic 1
death, genetic fecundity-fertility and the use of P may be helpful at this
point: suppose that 1,000 individuals are put in the cell with survival
rate of 0.5 and fecundity-fertility value of 0.8 and P = 10. Then, the
expected number of individuals contributed to the next generation is: ,

1,000 x 0.5 x 0.8 x 10.0 = 4,000

The actual number will be distributed around this mean value. If the
value of P generated happens to be 2.0 (recall P is a random variable)
and the cell value (another randem variable) deviated to + (.05 from its
mean 0.5 x 0.8, then the actual number of contributions becomes only
840 (1,000 x 0.45 x 2.0} from this cell, However, mass killing by M
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Begin Experiment Wumber 5
o 2

11 31 54 65 54 31 11 2 4]
2 25 116 310 s43 651 543 310 116 15 2
1% 1l& 523 1396 2443 2392 2443 1396 523 116 11
3 10 1396 3724 6517 7820 6517 3724 1396 310 31
59 543 2443 £517 11405 13686 11405 6517 2443 543 54
65 £51 2952 7820 13686 16423 13686 7820 2832 651 a5
54 543 2443 5517 11405 13686 11405 6517 2443 543 54
31 310 1396 3724 6517 7820 6517 374 1386 310 31
1L 116 523 1396 2443 2932 2443 1396 523 116 11
2 5 116 310 543 651 543 30 116 25 2
a 2 1l 31 54 13 54 31 11 2 /]
Begin Ceneration Number 1  Population Expsnsion Factor d462.812 Maximum Population 396020
Population at Capacity
004
Total Population 135920
1] Q 0 o o 0 [} 0 ] [} 0
0 a 3 15 36 53 Ll 35 12 2 [}
0 3 32 136 327 417 486 378 143 34 2
0 13 137 524 1394 2107 2151 1188 682 181 19
0 38 243 1353 3047 3820 4875 3842 1659 438 69
L] 49 433 1530 4558 3106 7114 6406 25353 842 122
0 56 530 2393 4642 6289 7806 5688 3232 879 177
a i1 381 1369 3819 5917 5846 4290 23 769 150
bt} 13 148 665 1630 2524 2900 2555 1287 472 89
[ 3 33 165 509 816 805 730 504 167 7
¢ 0 2 16 63 142 173 160 96 40 ?
Row Sums
0 20% 1958 BAOE 19342 31693 32392 25043 12313 3669 699
Column Sums
0 206 1542 8166 200385 30891 32403 25232 12489 Ltk 672
Begin Generation Number 2 Population Expansion Factor 454,426 Maxipum Populstien 3TEB3E

FIG.1. Anexample of matrix M. (Survival fecundity-fertility for wild females).

does not directly improve the genetic makeup of populations. On the
contrary, the penetic makeup of fitness for pest insects may decline
under this kind of selection.

Another facet of genetics built in the computer program is a genetic
improvement of the pest populations from natural selection under the in-
sect control system used. This part of the program has an option to im-
prove the survival rate and fecundity-fertility by a random percentage,
PE, {say 10%), which has a given mean. This maneuvering is done by pick-
ing out the specified random portion of individuals, PE, from each cell,
and moving the corresponding number of individuals frem one cell to
another cell diagonally in the checker board (or matrix) mentioned earlier,
When the survival rate = 1.0 or fecundity = 1.0, the transfer is mot in
the diagonal direction, but only to the next higher survival cell or the
next higher cell in fecundity, respectively. The main purpose of this
operation is to improve the pest population by natural selectiom under
the control mechanisms used.

All other parameters are control parameters; the number of generatioms
to be run, IGEN, the number of replicates to run, IREP, and so forth. The
computer used is a CDC 6600, which is a very fast computer. However, the
simulation of one set of data (40 generations and 20 replications) took
considerable central computer time, 3 sec. to 123 sec., per set of para-
meters, depending upon population size and complexity of mating scheme.
Since there were more than 96 sets of parameter combinations, this paper
will deal with: (1) male and female are both monogamous and only sterile
males are released, {2) the same as (1) but sterile males and females
were released. A very simplified flow chart is presented in Figure 2.
Since the program is a long one, each set of parameters was put in with-
out another '"Do-loop" to include "Read New Parameters".
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Mating § Count Fecund
Fepales
Generate Doubla l
Binomial Distd | Natural Selection Shift |
[ Do 2 till Run = IREP |y Compute Row and Colunn
1' '\‘ Sums
‘\
Distribute Initial NF & B4 | +
in Bincmial Checker Board "..\ 1l o prine
I e
T
[0 9 ti11 Generation = IGEN e~ S

I {2 prine |

[ Chose p, a Normal deviate l

Apply M and P @

|_Dran IX, a Normal deviate J

FIG.2, Flow chart of the computer program.

In nature, there are many insects which havemale-polygamy and female-
monogamy. However, the results of this condition do not change very much
from those of insects which are monogamous in both sexes. The reason is
that there are many more males than females and there is no chance for
the second mating for females. Consequently, the case of male-polygamy
and female-menogamy,which is widely spread in nature, was not specially
considered. This point was brought up by Proverbs (1969). There are a
few other cases which are rather rare in insects. For example, the pray-
ing wantis, the males of which are eaten by copulating females during
mating, in this case are "male monogamy and female polygamy". There are
a number of insect species which are polygamous in both sexes. This last
case is difficult to simulate by a computer program, because the pro-
gram must trace individual fewales in their mating order with wild and
sterilized males. Furthermore, the sexually active longevity must be
incorporated in such a program.

Results and Discussions

Figure 3 represents the case of 200,000 sterile males released
every generation up to 40 generations. This number of released males
is one-half of the carrying capacity. The eight cases, each with 20
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FIG, 4, Resulty (20 raplicates) of 100, 000 sterile male and 100, 000 szerile female release,
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FI5. 5. Results (20 replicates) of 400, 000 sterile male release,

replications, are presented according to the various combinations of

P and PE. As stated before, P is a random variable and IK also a ran-
dom variable after initial gemeration. The initial IK is 400,000 indi-
viduals. As one can see, with the mean P equal to S, all populations
become extinct by generation 5, regardless of the value of PE (Figure 3).

When the mean values of P = 10 and PE = ,10, there are 4 popula-
tions out of 20 which become extinct by generation 13 and the rest (18)
of the populations are maintained at genmeratiom 40. At this point, the
average mmber of wild male mated with wild female (SSN) is about 70,000
to 100,000. If one relaxes or stops the method of stérile male release,
the pest population is likely to reach the IK (capacity) value in one or
two generations, -

Almost the same case applies to the case of P = 10, and PE = .20.
Here 3 populations became extinct by the 10th generation, but-the re-
mainders do not go to extinction by generation 40. The value of SSN is
about 70,000 to 80,000. When mean P becomes 100 or over, there is no
population going to extinction. However, the values of SSN are kept
under 100,000, if the sterile male release is continued,

Almost the same situatiom prevails in the case of 100,000 sterile
males and 100,000 sterile femzles released (Figure 4). However, the
values of SSE at peneration 40 are considerably higher than the case of
200,000 male release.

Figure 5 represents the case of dumping sterile males of 400,000 in-
dividuals, which is the mean of IK, every generation, Now the four cases
out of eight parameter combinations gb to total extinction {namely P = §
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and E = 10}. Furthermore, the values of SSE are significantly smaller than
the previous cases. However, it is necesﬁfy to keep releasing sterile
males every generation to maintain low SSE values. With the parameter
combination of P = 10, PE = .10 or .20, there are some extinctions (4

for E = .10 and 3 for [20). Moreover, the values of SSN are about 60,000
at generation 40. The main difference between Figure § and Figure 6 data
is that the values of SSN are larger inthecaseof Figure 6 than _

that of Figure 5, but the chance of total extinction occurs with P = 10

in Figure 5. -

In order to see the effectiveness of sterile male and/or female, the
case of 4,000,000 male release and another case of 2,000,000 male plus
2,000,000 female release were examined (Figure 7 and Figure 8). Figure 7
shows that total extinction happens for the case of P = 10 and P = 5;
however, only 16 populations become extinct by generation 9 with ¥ = 100,
and PE = .10, and 13 populations become extinct with the same P value,
but PE =.20. The average mumber, SSE, is extremely small. ({In all cases
SSE is less than 10,000). Figure 8 is a surprise case. Up to mean P equal
to 10, all 20 replicated populations become extinct by generation 3; but
ne extinction occurred for the cases of P = 100 or more. The average SSE
is not particularly low. -

During 40 generations of rather stromg selection, the genetic makeup
of insect fitness has become very much improved in survival rate and
fecundity-fertility value. The computer output of M showed that 90% of
individuals in a given population are in the right bottom corner of M.
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This will make the eradication nearly impossible. The only thing which one

can do is to keep the pest population low by releasing sterile males every
generation,

Another point of interest is the sterile male release is more ef-
fective than the sterile male and female release, This observation assumes
that NS is all male for the former case and one-half NS males and one-half
NS females for the latter case. Thus, if separation or identification of
male and female is easy, one can recommend the sterile male release method
over the sterile male and sterile female release method. However, if the
separation of males and females is difficult, one can take a huge number of
sterile males and sterile females, and release them at the appropriate time.

Eradication or extinction did occur in the Monte Carlo simulation
runs (Figure 3 to Figure 8), But this will be an unstable condition,
since immigrants probably move in fairly rapidly.

Another avenue available, is to find a line of stronger fitness or
to artificially select a line with stronger fitness and a higher mating
propensity. This author is treating the subject in a naive manner. How-
ever, he would like to point out that predictions based on determin-
istic and stochastic {mmorereal than deterministic) models are widely different,

If eradication is a goal, asuggestion is the release of an adequate
number of sterile insects for several generations, and then the release
of a 10-fold or 100 -fold number of sterile ingects in one of the generations,

Finally, the use of the particular M may need some discussion. It
is probably better to use a Poisson distribution for the survival rate
scale and binomial distribution for fecundity-fertility scale. But this
author considers the results would be probably similar tothose of this study,

Summary

A stochastic process for pest insect populations was studied by
means of a Monte Carlo computer program. Several constant factors in
other authors' parameters were changed te stochastic or random variables.
The prediction based upon 20 replications of 48 parameter combinations
was surprisingly different from the prediction based upon deterministic
or constant parameter sets. This author acknowledges the help of Mr.
Gordon Beavers in running the computer program.
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Appendix Table 1

In order to examine more details, the cases of P = 10 with co-

efficient of variation of 10%, were studied, and the results are pre-

sented in the following Table.
coefficient variation of 10%.

IGEN = 50 and IREP = 100

All cases were IK = 400,000 with a

2 x 10
2x 10
2 x 10
2 x 10
4 x 10
4 x 10
4 x 10
4 x 10

4 x 10

o

4 x 10

[~

M

o |

input sex

§F
& F

& F
§F

§F

L
e 7]

PE

10%
20%
10%
20%
10%
20%
10%
20%
10%
20%
10%

20%

# extinction

0
0
100 (5.82)**
100 (6.02)**
23
8
100 (3.00)**
100 (3.00)**
100 (3.00)**

100 (3.00)=**

SEN at IGN = 50*

8.47 x 104

8.42 x 104

1.21 x 16°

1.10 x 10°

7.06 x 10

7.60 x 10

*For only surviving populations.

** Average duration of pest populations before extinction,
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Appendix Table 2

Some extra runs, which were not included in the text, are listed

in this table.

Note IK is large.
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IK = ]06 with a coefficient of variation of 10%.
F = 102 with a coefficient of variation of 50%.
IGEN = 40 and IREP = 100.

input sex PE # extinction SSN at IGN = 40*
NS
10 M 10% 0 1.66 x 10°
10% M 20% 0 1.50 x 10°
10° M&F 10% 0 2.40 x 10°
10° Mg F 20% 0 2.13 x 10°
2 x 10% M 10% 3 9.25 x 0%
2 x 10 M 20% 3 8.60 x 107
2 x 10 Mg F 10% 1 1.60 x 10°
2 x 10 Mg F 20% 2 1.40 x 10°
107 M 10% 66 7.46 x 10°
107 M 20% 63 6.30 x 10°
107 Mg F 10% 36 2.81 x 10%
107 M§ F 20% 35 2.43 x 10*

*Gnly for surviving populations,
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Abstract — Résumé

RESEARCH ON THE STERILIZATION OF Oryctes rhinoceros L.

Under a contract from the joint United Nations Special Fund/South Pacific Commissicn Project on
means of controlling Cryctes rhinoceros L. {Coleopt, Scarabaeidae), the study of ways of applying autocidal
control procedures to this palm tree pest has been continzed. Improved rearing procedures ensure the
production of approximately 3000 insects per year, with a yield of the order of 70 fullgrown adults fram
100 larvae hatched. These insects were used for research on problems of the blology of reproduction:
¢.g. tate of ovogenesis, influence of the age of males and females on the time of first mating and on the
mumber of eopulations for the same female, action of the number of males and females respectively on
the fecundity of the female and on the fertility of the eggs. It was noticed, in partlcular, that
the majority of females were already mated at the time of their emergence from the larval form
and showed developing ovocytes, Sterilization of the males is obtained by imadiation of the
fmagos, the age of the latter being of no great significance. On the other hand, the dose rate of the gamma
rays i a factor which must not be ignored, even for doses of as high as 10000 rad, At that dose a low-rate
irradiating facility (50 rad/min) produces only B0% sterilization, while with & dose rate of 500 rad/min
sterility is total. The absence of delayed irradiation effects was demonstrated on the basis of larvae exposed
to weak doses (2000 rad) and of adults hatching from larvae resulting from the mating of normal females
with males irradiated with small doses. The competitiveness of the imadiated males was studfed in reared
insects and in Oryetes just emerged from larval forms, The ratio of males irradiated at 10 000 rad ta normal
males must be greater than 10 to have any marked effect on egg fertility, The prospects for applying the
proceduyres to contrel Cryctes thinocercs are discussed.

RECHERCHES SUR LA STERILISATION DE Oryctes rhinoceros L,

Sous contrat du Projet conjoint du Fonds Special des Nations Unies et de la Commission du Pacifique~Sud
sur fes moyens de Intte contre I' Oryctes rhinoceres L. {Coleopt. Scarabaeidae) 1' étude des possibilités
@' application 3 ce ravageur des palmiers des procédés de lutte antocide a &t poursuivie, Lz mise au point
de I' €levage assure la production d' environ 3000 insectes par an, avec un rendement de I' ardre de 70 adultes
formés A partir de 100 Iarves & 1" closion, Ces Insectes ont £t€ utitisés pour des recherches sur 1a blologie
de la reproduction: rythme de 1' ovogendse, influence de I' fige des miles et des femelles sur 1a date du
premier accouplement et sur le nombre de colts pour une méme femelle, action du rombre respectif de
miles et de fernelles sur 1a fécondité des femelles et 1a fertilité des ceufs. 11 & &té constaté, notamment,
que la plupart des femelies étaient d€jd accouplées au moment de leur sortie du gfte larvaire et présentaient
des ovocytes en développement. La stérilisation deg miles est obtenne par irradiation des imagos, sans
influence notable de 1 #ge de ceux-ci. Par contre, le dEbit des rayons y joue un rdle qui ne doit pas &tre
négligé, méme pour une dose aussi élevée que 10 0600 rad, A cette dose un irradiateur de faible débit
{50 rad/min} ne provogue que 60% de stérilisation alors qu' avec un débit de 500 rad/min la stérilité est
totale. L' absence d'effets différés de 1' irradiation a é1& monirée, solt & partlr de larves exposées 2 des
doses faibles (2000 rad), soit & partlr d' adultes issus de larves provenant de 1' accouplement de fernelles
normales avec des males irradiés & faibles doses, La compétitivité des mfles irradifs a &t€ &tudife avec
des insectes d' £levage ef avec des Oryctes venant de sortir des gftes larvaires. Le rapport entre les miles
irradiés & 10 000 rad et les m#les normaux doit &tre supérieur 4 10 pour qu' il y ait un effet sensible sur la
fertllité des ceufs. Les perspectives d° application 4 La lutte contre O, rhingcergs sont discutées,

% Recherches effectudes sous contrat du Projet PNUD (F$)/CPS de recherche sur les moyens de lutte
contre 1" Oryctes rhinoceros,
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La stérilisation des mfles est une des méthodes prise en
congidération par le Projet du Fonds spécial des Nations Unies st de la
Commission du Pacifique Sud de recherche sur les moyens de Ilutte contre
1'0ryctes rhinoceres, Ce projet, dont le sidge est A Apia (samoa Dcciden~
tales),a pour but, depuis 1964, de définir des procédds efficaces pour
limiter les ravages gue les adultes de ce Coléoptére cccasionnent aux coco=
tiers, en particulier dans les fles du Pacifique ot =on intreduction est
Plus ou moins récente {1909 A 1963) [1]. Sous contrat de ce Projet qui enwvi-
sage les différentes possibilités offertes par les connaissances modernes en
défense des cultures, clest-3-dire par les méthodes chimiques, biologiques,
agrotechniques, physiologiques, nous avens entrepris 1l'étude des modalitis
d'application aux Qryctes des principes de la lutte autocide. Dans ce but il
était nécessaire de disposer d'un élevage permanent de ces insectes qui ne
soit pas soumis aux hicatombes géniralement constatées du fait de 1a mycose
a Metarrhizium anisopiiae Metsch., il &tait utile de préciser les processus
et les conditions de la reproduction et 11 Ffallait déterminer la sensibilits
aux rayons ionisants des insectes selon leur &tat Physiclogique et &valuer
les effets de 1%'irradiation sur le comportement des individus traités ainsi
que sur lsur descendance,

Les résultats des premiers essais réalisés dans cette voie
ont été présentés [2] lors du précédent Colloque sur L'ufilisation des iso-
tepes et des radiations en entomologie {Vienne,1967). Dans la présente note
Nnous nous proposons de résumer ltensemble des données acquises A ce sujet,

1. Méthode d'élevage des Oryctes

Elle est fondée sur l'utilisation, pour le développement
des larves, d'un mélange de deux tiers d'un substrat végétal en décomposi~
tion {terrean, sciure de bois, bois pourri) et de un tiers de Paces dlani-
maux domestiques {bouse de vache généralement), dans un local a 28ﬁ/3oﬂc.
Aprés 6 générations successives obtemues A La Minidre, il apparait gue 1le
rendement moyen est de 70 imagos pour 100 larves du premier stade. Les
chiffres présentés antérieurement [3) sont confirmés par les élevages con—
duits ces dix derniers meis selon la méthode permettant d'utiliser aw mieux :
le matériel dont nous disposons : mise en &levage en serres 3 30°C de grou-
pes de 120 larves 3gées de quelques jours dans des coffres en bois renfermant
environ 600 litres d'un mélange de sciure de bois et de bouse de vache des—
séchée ou non selon son état d'humidité afin que 1'humidité relative du mé-
lange soit voisine de 70 %. Les insectes ne sent introduits qu'apr2s une
semaine au cours de laquelle la fermentation porte la température de la masse
4 60°C. Ils restent dans ce milieu pendant 3 mois puis sont transférés &
1'état de larve du troisiéme stade bien développée dans des bacs en polyé-
thyléne contenant 30 ou 45 litres, selon les modéles, du mélange sciure +
bouse ou bois décomposé + bouse, & raison de 20 ou 30 Ly par bac. 24 séries
de ce type ont permis l'élevage de 2850 Ly qui ont domné naissance 3 1988
imagos, so0it un rendement de 69 % avec seulement 45 cas de Metarrhizium,
représentant 1,5 X de la population initiale,

Les adulies sont placss, par lots de 10 couples généralement,
dans des bacs de S0 litres en polyithyléne, tronconiques, munis d'un cou-
vercle percé de quelques trous pour éviter les condensations. Ces précipients
maintenus en serres A 28°C sont remplis au tiers de leur capacité de terreau
de couche cpriblé, & 70 % HeR. Des rondelles de banane renouvelées deux fois
par semaine assurent l'alimentation. Les pontes,déposées le plus souvent au
fond des récipients dans une couche triturie et ameublie par les femelles,
sont recherchées chaque semaine par tri du terreau,
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les premiers dépfts dfoeufs ont lieu aprés 2 & 4 semaines
suivant 1'8ge des femelles lors de la constitution des couples et se pro-
longent en général jusqu'a 4 mois aprés cette date. La fécondité moyerne est
de 55 oeufs par femelle avec une Fertilité de 82 % pour 440 femelles. Des
4levages par couplas ont montré une grande variabilité individuelle de la
ponte qui peut aller de 0 & 310 oeufs par femelle.

2. Etuda de la reproduction

les recherches en ce domaine ont porté principalement sur
le rythme de l'ovogenése et des accouplements, le pouvoir fécondant des mBles
et 1tinfluence du mile sur la fécondité des femelles.

L'&volution des ovaires et les délais d'accouplement ont
4té exominés par dissection, tous les 3 ou 4 jours, de 4 femelles prélevées
dans les &levages de 10 couples en bac, en fonction de 1'8ge des deux sexes
au moment de la mise en &levage. 7 séries ont &té comparées pendant 2 mois
en associant A des femelles de 3 jours, 1 semaine, ou 3 semaines 3 jeun A
20°C, des miles de ces trois #ges selon les combinaisons suivantes ¢

méles 3 jours X femelles 3 jours
miles 3 jours X femelles 1 semaine
méiles 3 jours X femelles 3 semaines

méiles 1 gemaine X femelles 1 semaine
méles 3 semaines X femelles 3 jours

méleg 3 semaines X femelles 1 semaine
miles 3 semaines X femelleg 3 semaines

En outre, ltovogenédse de femelles vierges 8gfes de 2 & 3 Jours a &té suivie

dans les m&mes conditions.

A la dissection &taient notés : l'état du tissu adipeux,
le nombre d'ovocytes dans les ovarioles, la longueur et le diamétre des
ovocytes de 3 ovarioles, la présence de corps jaunes, l'aspect de la poche
copulatrice {(nombre et couleur des spermatophores).

Le tableau I schématise les données obtenues, I1 montre que
les accouplements et la ponte ont lieu dtautant plus t8t gue les insectes
sont plus Bgés et que, généralement, les deux phénoménes se produisent 4 la
mérme époque : lors du premier accouplement les ovaires terminent leur pre~
mier cycle ovogénétique. La série"mB3ies de 3 jowrs x femelles de 3 semaine
fait exception pour des raisons gui restent 3 préciser : des processus de
dégénérascence du plus gros ovocyte ont été gbservés, d'autre part les accou-
plements ont concerné seulement certaines feinelles pendant les trois pre-
midres semaines, Le parallélisme entre l'accouplement et la maturation des
ovocytes, quel que soit 1'8ge initial des partenaires, suggére l'intervention
d'interactions entre les deux sexes : l'accouplement des mSles plus jeunes est
avancé par la présence de femelles 8gfées dont 1l'ovogendse est plus rapide,
et réciproquement la ponte de femelles jeunes est accélérée par la présence
de mfles plus 8gés,.

A juger par le nombre de spermatophores décelables dans
la poche copulatrice, les accouplements successifs d'une m@me Ffemelle se
limitent & deux ou trois, dans nos élevages tout au moins,
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TABLEAU I. EVOLUTION DES ORGANES GENITAUX FEMELLES
SELON L'AGE DU MALE ET DE LA FEMELLE

DElai en jours pour observer :Deméme

Age Qes insectes ipremier actoeufs dang :  corps H nen:] ta—

teouplement tovarisles ; james H

t H H :

ofles 3 jours x femelles ' : '
3 jours : 24 . 24 : 28 ' 32

miles 3 jours x femelles s H : H
1 semaine & 16 H 16 H 20 1 24

miles 3 jours x femelles : ' f f
3 semaines’ 2} ' 16 : 2 : -

miles 1 semaine x femelles: ¥ L :
1 semaine : 16 ] 16 1 24 H 32

niles 3 semaines x femelhsf f ; f
3 jours : 12 . 14 . 14 : 14

miles 3 semaine x femelle : H H H
1 semaine ; 14 H 16 H 24 H 28

mAles 3 semainesx Femelles® : : :
3 gemaines [ : B : 15 : g

L t

2.2, Rythmes de_ponte

Pour déterminer le rythme des pontes des élevages ont &té
conduits par couples dans des pots cylindriques en polyéthyline de 25 cm de
diamétre et 30 on de hauteur manis d'un couvercle solidement Fixé par des
crochets pour &viter les fuites et renfermant un tiers de leur capacité,
soit 6 litresde terreau criblé. Deux séries de 30 couples ont &té comparées
l'une congtituée avec des insectes 3gés de 3 jours, l'aumtre avec des miles
et des femalles de 3 semaines,

Dans les deux cas une variabilité individuelle trés impor—
tante a &té mise en évidence aussi bien quant A la fécondite gue pour les
rythmes de dép8t des ceufs ainsi qu'en témoignent les quelques exemples du
tableauz II.

Certaines femelles déposent leurs ¢eufs régulidrement et
sans interruption pemdant toute la période de ponte, qui peut dépasser 3
mois (femelles 1 et 44) , mais se limiter & quelques semaines (Ffemelle 24);
d'autres présentent un rythme de ponte plus ou moins marqué (femelles 26 &t
60) qui montre l'existence de 4 cycles ovogénétiques successife A interval-
les de 2 A 5 semaines ; dtautres (femelles 4, 18, 38) ne Pont preuve dvau-
cune régularité. La m@me variabilité s'enregistre pour le début de la ponte
qui peut intervenir dds la 2&me semaine cu 8tre reportée A 3 mois sans qutil
¥y ait de ce fait de conséquences marquées sur la fécondité totale,

Les causes de ces différences individuelles n'ont pas pu
&tre déterminédes jusqutd présent,

La longévité des mfiles est inférieure A celle des femelles,
Ainsi, danz les deux expériences précédentes, en couples, la longévité
moyenne fut de 13 semaines pour les mRles (max.: 26 semaines, min.: 8§ se-

L



LAEA-SM-138/15 493

maines) et de 18 semaines pour les femelles (max. : 34 semaines, min. s

7 semaines) dans le cas des insectes #gés au départ de quelques jours,
tandis que pour les Oryctes ayant d&ja passé 3 semaines a 20°C, les durées
de vie dans les dispositifs de ponte furent de 19 semaines en moyenne pour
les m#3les contre 24 semaines chez les femelles avec des maxima respectifs
de 30 et 32 semaines, De ce fait bien souvent des femelles subsistent sans
mile pendant un délai plus ou moins long. Aucune Jifférence sensible dans
la fertilité des ceufs &émis aprés la mort du mile n'est cependant consta—
tée, mme si la ponte se prolonge pendant de nombreuses semaines, voire

3 ou 4 mois, comme nous l'avons noté A plusieurs reprises. Les spermato-
zotdes peuvent donc dans la spermathéque conserver leur vitalité pendant
aa moins 3 mois.

Le pouvoir fécondant du mfle a é&té examiné d'une part en
proposant successivement 2 un m8me mile 3 séries de 4 ou 6 femelles A in-
tervalle de 2 puis de & semaines, d'autre part en plagcant e&n bacs en
serres des m3les et femelles selon différents sex ratio, La premiére ex—
périence a confirmé que le premier accouplement ntintervenait pas avant
2 semaines au minimun et montré qu'un seul m8le Atait capable d'agsurer
une fertilité normale A 13 femelles,

La deuxidme expérience réalisée en falsant varier le
rapport entre le nombre de miles et celui des femslles dans la méme en-
ceinte de 3/1 & 1/24 avec 9 intermédiaires : 3/2, 1/1, /2, 1/3, 1/4,
1/3, 1/%, 1/“2, 1/@8. indique que la fertilité reste analogue dans tous
les cas, Il apparait denc qutun mile d'Q, rhinoceros est susceptible
de féconder au moins une vingtaine de femelles.

2.4. Etat_physiologique des femglles A la sortie des gftes larvaires

Nous avons cherché A déterminer, au moins dans les condi-
tions de nos élevages, A quelle période de la vie imaginale se situait le
premier colt et s%il intervenait avant ou aprés la sortie des adulteg des
gites larvaires.

Nous avons eu recours & un dispositif de capture posé en
gurface du milieu d'élevage de larves dans les coffres en serre a 30°C de
fagon & récolter les Oryctes lors de leur premiére manifestation d'activité
&pigée et par dissection, A examiner 1'&tat de lYappareil génital femelle,
Ce dispositif est constitué par une plaque de polyester de 1 m environ,
Pormant couvercle jointif appliqué en surface du substrat. Cette plaque con-
porte 16 trous de 5 cm de diamdtre prolongés par un tube de mme diamétre
et de 5 cm de haut dans lequel pivote une plaquette permettant la sortie de
lTingecte mais fion son retour. Un signal électrigue tranemis A un enreqgis-—
treur permet d'inscrire les passages ®=n fonction du temps. Ainsi que nous
1'avons exposé dans une note antérieure [4], ce systdme utilisé 3 5 reprises
a prouvé que la plupart des femelles sont accouplees et sont prétes i pondre
lorsqu'elles apparaissent pour la premiére fois en dehors du milieu ol se
sont déroulées la vie larvaire et la métamorphose.

Ce phénoméne, dont l'importance pour la mise en ceuvre de
la lutte autocide n¥est pas a souligner, doit Btre vérifié dans les condi-
tions naturelles car les dispositifs expérimentaux peuvent provoquer des
modifications de comportement. Toutefols, chez 0. monoceros tout au moins,
d'aprés D. MARIAU {communication orale), en COte d'Ivoire, les femelles ré—
coltées dans les cocotiers ont en général leurs ovaires développés et une
poche copulatrice pleine.
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TABLEAT III.

MODALITES DE STERILISATION DES MALES DE

{AEA-SM-128/15

O. rhinoceros AUX RAYONS y

pose |  Débit * Nombre de | TLSG . Oewfs/ | -y
{en rad) fen rad/min) ,  mbles {semaines) ; femelle | 1
300§ 1500 s . 9 1 3 . 5%
. 11 S . 9 1 1 . 9%
. 500 ‘o . o1 1 a1 50
P Ta S T P A I
; Témoin : 20 . 12 : 85 s ez
00 . 1100 po® 7 1 a4 -
; Témoin ., 20 . B . 75 . 72
as00 T 1100 P15 . 8 . 26 i 6
5000 ;1500 A" RN Tt B
Y 1100 D S S S *
S 500 O T P O
. . 110 . 10 . 52 ., 63
: zendfa " T T A S
6000 ;1100 R T S B Pz P2
;500 O * S . N
. a0 . 1 . s . e ., @2
7000 . 1500 SO T: A U Y S
;s SO S . - S
P a0 SO SR S * S
. Témoin , 3 : 7 ;oM . ™
1000 ;1500 .o . 7 [ 33 . o
i 500 Y . -
T Ta0 . 48 - o1 L s3I 36
Cmemein . 4 1 7 P& 1 om
12000 | 500 " S S
P Mmoin 1 o ! & ' e I e
H H

2 L, = larves du premier stade

3. Détermination des conditions de stérilisation des mfles

3.1. Doses stérilisantes

10 dens wne bofte cylindrique em polystyréne de 250 ou 500 ml remplie de

495

Quatre irradiateurs au SOCo et un générateur de rayons X
ont &té utilisés pour nos essais, les débits de dose des appareils A rayons
W étant dlenviren 1500, 1100, 500 et 40 rad par minute, tandis que 1'appa-
reil 3 rayons X avait un débit de dose de l'ordre de 170 rad/min sous une
tension de 200 kV, & 12,5 m A, en utilisant un filtre en cuivre ce U,5 MM
dtépaisseur, A chagque opération le débit était déterminé,

En général les insectes &taient traités par groupe de 5 ou

tourbe pour satisfaire leurs exigences thigmotactiques et &viter qu'ils ne

s'agitent sans arrft., La cellule de l'irradiateur de 1500 rad &tant trop
exigué, dans ce cas les Oryctes Stajent irradiés isclément dans une cage

en plexiglass d'un volume légérsment supérieur A celui de 1'animal ,
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TABLEAU IV, MODALITES DE STERILISATION DES MAILES DE
O. rhinoceros PAR LES RAYONS X

Dase : Débit : Noabre de : .50 s Ceuts/ : s
{en rad) :{en rad/min) : m3les : (semaines); femelle : » L
3000 : 170 (LT 5 n o, s
S000 H " 1 50 H -] H a8 H 3
7000 | * ;s 9 5 3 1 s
10000 H " H [2+] H 7 H 48 H 4
12000 " : 40 6 55 0

4w ¥n an

. L, =larves du premier stade

Aprés 1l'irradiation les mAles étaient placés en bacs de
ponte avec des femelles du méme 8ge, non traitées, par groupes de 10 couples,
Des Oryctes de m@me origine, non soumis aux rayons, étalent mis en dlevage
dans les mfmes conditions pour constituer les témoins. Des contrdles hebdo-
madaires avaient pour but de noter la mortalité, de récolter les ceufs et,
aprés mise en incubation de ceux-ci dans de la tourbe + terreau, d'estimer
leur fertilité par dénombrement des jeunes larves. Le tableau III présente
les résultats des irradiations de 1000 mfles par rayons Y , le tableau IV
ceux relatifs aux rayons X appliqués a 220 m3les. Ils Pont ressortir 1%in-
Fluence e¢onjointe du débit de dose et de la dose, En effet, pour une méme
dose, 5000 rad par exemple, au moins 90 % des mfles sont stériles lorsque
le débit des rayons Y est de 500 raq/min ou plus,alors qu'il n'y en a que
37 X pour un d&bit de 40 rad, et 50 ¥ par traitement aux rayons X & 170
rad/min,

Au goint de vue pratique, il est donc préFérable de recou-
rir A une source au ®%Co assez puissante dont le débit de dose soit au moins
de 500 rad/min. La stérilisation quasi totale des mfles de D. rhinocergs est
alors assurée avec une dose de G000 ou 7000 rad. Dans le cas de sources a
Faible débit (rayons ¥ ou rayons X) il est nécessaire dtemployer des doses
deux fois plus importentes, de l'erdre de 12000rad, pour aboutir A une sté-
rilisation analogue,

Pu point de vue théorique ces résultats posent le probléme
de 1l'influence du débit dans les effets biologiques de 1'irradiation. Il
hlest pas dans notre intention de discuter ici de cette questidn qui a fait
l'sbjet de publications contradictoires selon les auteurs et les snimaux
considérés. Hous pensons, comme BYDSHEOVSKAJA et al.[5] que le facteur
"durée de l'irradiation" intervient et peut expliquer certaines différences
d'activité des radiations ionisantes en permettant ou non aux processus de
défense, voire de régénération, cellulaire ou tissulaire de se manifester,
Selon la puissance de ltirradiateur, en effet, la durée du traitement est
trés variable : préds de 3 heures pour 40 rad/min, contre 40 minutes pour
les rayons X & 170 raq/min et respectivement l4 minutes et 4 min 40 sec pour
500 et 1500 rad/min,dans le cas d'une dose de 7000 rad.

Comme il a déja &té mentiormé par plusieurs auteurs, il
n'y a pas de répercussions notables de l'irradiation sur lLa longévits des
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TABLEAU V, FERTILITE DES CEUFS SELON L'AGE DU MALE
LORS DE LIIRRADIATION

¢ : Age des mi3les

(g::::d) :(ennf':}mn) ;Moins d'wme semaine :+ 3 semaines
‘Wb, males | % 1t ‘b, miles PoEnt
3000 P 1500 P2 P so N P58
4000 1100 r 20 1 62 s 22 ;66
5000 D 1500 M Ty P : §
H 170 H 40 1 47 H 10 H 69
40 M . 4 P10 N +
7000 H 500 H 35 H o] ] 15 3 1,5
; 170 P40 ;24 ;20 oo
H 40 3 : 30 : 8 H 73
H 1 2 H

® L, = larves du premier stade

miles, appréciée par le temps nécessaire pour avoir 50 X de mortalité (il
50}, On note m@me un certain accroissement de la longévité aux faibles
doses et aux faibles débits, Quant & la Ffécondité moyenne des femelles elle
ne parait pas affectée par le traitement subi par leurs partenaires.
3.2.Inflyence de 1'3ge des imagos

Ltaction stérilisante des rayons Ya &té comparée chez trois
types de mfles : des insectes issus de nymphes et maintenus vierges et &
jeun A 20°C soit pendant quelques jours, soif pendant 3 semaines, d'autre
part des Oryctes pris & la sortie du substrat d'élevage Jarvaire &t par con-
séquent présumés ayant déja copulé.

Dtaprés le tableau V la fertilité de la descendance est un
peu moindre chez les mfles plus Sgés seulement lorsque 1'irradiation est
affectuée A faible débitjce qui suggdre que les phénoménes de régénération
seraient plus intenses chez ces insectes.

Le tableau VI schématise les résultats de 3 séries d'essais
effectués avec des Q, rhinocercs d'origine différente, Il indique que les
miles recueillis en surface du substpat ol ont évolué les larves, c'est-i-
dire les mfiles dits de “gTtes larvaires”, déterminent, aprés expesition aux
rayons Y, une stérilité des oeufs encore satisfaisante (au moins 50 %)
qu'lls solent mis en présence de femelles nées de nymphes isolées en &le—
vage ou de femelles provenant également de gites larvaires. Par contre,

56 % des peufs restent fertiles lorsque des femelles issues de gftes lar-
vaires, et par conséquent vraisemblablement d2jd accouplées, sont associées
A des miles irradiés formés & partir de nymphes depuis quelques jours seu=
lement ; alors que ce pourcentage n'est plus, en moyerme, gue de 27 X si
des femelles de mé@me origine sont accouplées avec des miles traités issus
également de gftes larvaires, Ceci confirme le délai nécessaire pour le
début d'activité génitale des mfles aprés leur sortie de 1la dépouille nym~
phale et atteste des possibilités de stérilisation par irradiation d'insec~
tes ayant d44jA copulé,
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TABLEAU V1. FERTILITE DES OEUFS SUIVANT L'ORIGINE DU
MALE: NYMPHOSE EN ELEVAGE OU GITE LARVAIRE
(Irradiation: 10080 rad & 500 rad/min)

: Kile

. Elevage Glte
Pemelle & Trradié Trradié non traité
Elevage : g~ 0 f 0-5 - 0 f 81
afte P68~ 6g P o4-50-26 81 - 77

H 1 H

Cet aspect trés important pour les applications sur le ter—
rain a été Studidé de deux facons: dlune part, par remplacemant dans l'en-
ceinte d'élevage (bacs de 50 litres avec 10 couples) de miles normaux par
des mBles traités et vice versa ; d'autre part, par emploi simultané de ces
deux catégories de miles pour la fécondation de lots de femelles,

Dans le premier cas notre expérimentation a prouvé qu'en
remplacant aprés 2, 4 ou § semaines des m3les soumis & 10 Q0O rad par des
miles non irradiés, les oeufs déposcs par les femelles recouvraient leur
Pertilité dens la proportion de 60 A 90 ¥. Mais, réciproquement, la substi-
tution aprés 1 ou 2 mois de miles traités & 10 Q00 rad A des mfles normaux
en bacs de ponte avec les mémes femelles permet de rendre celles—ci stériles,

Il semble donc que le premier accouplement n'ait pas de
r@le prédominant et que ce soit les spermatozoldes le Plus récemment déposés
dans la bourse copulatrice qui déterminent la fertilité des oeufs.

La compétitivité simultanée entre mfles normaux et miles
stérilisés a &té examinée en plagant dans le méme bac de ponte des miles
exposés 2 différentes doses de rayons Y: des m8les de mBme 8ge non irradiés
et des femelles normales dans des rapports variables ,de facon A déterminer
le nombre minimum de miles traités A adjoindre A 2 mile normal pour obtenir
un effet significatif sur la fertilité des oeufs,

Dans quelques cas, des femelles irradiées ont tgalement
&té mises en compétition. N

le tablean VII résume les rultiples essais réalisés dans
ce domaine en irradiant soit des Oryctes formés au laboratoire 3 partir de
nymphes, soit des imagos prélevés en surface du milieu d'élevage larvaire,
Dans les deux cas il faut plus de 10 miles traitéds par m&le normal POUr que
1l'effet sur la descendance soit suffisant, Cette proportion est en accord
avec les chiffres donhnés pour dlautres ravageurs d'intérét agricole;
Carpocapse (6], Anthonomus grandis [7], Dagus cucurbitae [8], par exemple,
pour lesquels il faut respectivement au moins 15, 20, 9 mfles stériles par
m8le normal. Toutefois dans le cas des Oryctes muisibles A 1'&tat imaginal,
le nombre &levé de mfles A stériliser pour espérer une incidence sensible
sur 1'¢volution des populations constitue un handicap sérisux pour ltappli-
cation pratique de la méthode.
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TABLEAU VII, COMPETITIVITE DES MALES IRRADIES PAR
RAPPORT AUX MALES NORMAUX EN ELEVAGE A 30°C

A - MEles issus diflevage

Doses en rsd pour les Rapport miles irradiés / % fertilité des
miles traités nles normaux/femelles osuf's
normales
5000 6:3: 9 5=£80-73-282
g 2: 10 82 - 81 - 85
5000 6:3: 9 B4 - 64 = 78 - 77
§:2:10 82
7000 6:11:1 68 84 - B5
12313 6 50 - 72
10000 6:1: 6 0= q
61t 11 12 64 - B1
12:1: 6 0 - 88
B - Hfleg wrtant de glttes larvaires
7000 18 : 2+ 10 44 - 68
10000 t5: 13 10 43 - 57
18t 2: 10 66

4, Bffets différés de l'irradiation

Ils ont fait 1l'objet de deux types d'expérimentations :
dtune part, lYirradiation de larves ou de nymphes de divers 3ges avec étude
du pouvoir reproducteur des adultes formés dans les essais a faibles doses,
d'autre part, l'élevage des larves puis des imagos issus d'oewfs déposés
par des femellea accouplées avec des mBles irradiés a des deoses insuffisantes
pour assurer la stérilité totale.

Trois séries dlexpériences ont &té réalisées pour examiner
1'influence des rayons 'y’ (2000, 4000 et 6000 rad) sur les larves et les
nymphes de 0. rhinoceros des deux sexes., D'une fagon générale chez les
larves des deux derniers stades comms.chez les nymphes plus ou moins Sgées,
la dose de 6000 rad détermine une mortalité totale du stade traité, 4000
rad permettent la formation de nymphes et dtadultes dans une proportion
d'autant plus élevée que les larves ont &té irradiées plus jeunes mais tous
leg imagos présentent des malformations, en particulier au nivean des ailes
et des élytres; ces malformations se retrouvent chez les adultes issus de
nymphes soumises A cette dose,

A 2000 rad, pour les larves ainsi que pour les nymphes, le
développement se déroule normalement et denne des insectes parfaits apparem~
ment normaux. Ces Oryctes ont &té mis en élevage pour comperer leur fécon—
dité et leur fertilité A celles des insectes provenant de larves non irra-
diées, Aucune différence n'a &té relevée dans le pourcentage d'éclosion des
oeufs ni dans l'importance des ponteas,
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Des ¢levages en boites individuelles avec ie mélange bois
+ bouse ont été conduits & partir de Ll issues de pontes déposées par des
femelles accouplées avec des m8les ayant subi une irradiation de 3000, 4000
o 5000 rad, 11 lots de telles larves, comptant aw total 1050 insectes, ont
&té suivis sans faire apparaitre de différences dans lLtévolution de ces
Oryctes par rapport aux larves venant de mfles non traités, aussi bien
d'aprés le pourcentage d'imagos formés que pour le poids de ces animaux,
ou les cas de Metarrhizium ainsi que pour la durée de développement. Une
soixantaine de ces adultes ont £té mis en ponte pour vérifier leur longdvité
et leur ficondité : elles se sont montrées analogues 3 celles des Q. rhino-
COras normaux.

Conclusion

Parmi les résultats acquis au cours de 1'expérimentation
que nous venons de résumer, les principaux points méritant d'8tre soulignés
sont, a notre avis, les suivants :

- La mige au point d'une méthode d*élevage éprouvée maintenant par 3 années
de pratique, soit 6 générations successives, qui assure un rendement moyen
de 70 imagos pour 100 larves A l':closion.

= La détermination du rythme de l'ovogendse et de la synchronisation entre
le premier accouplement et la fin du premier cycle ovogénétigue.

—~ La caractérisation,au moins dans nos conditions dlélevage, de 1ltétat des
femelles lorsqutelles sortent pour la premidre fois.du milieu ol se sont
effectués le développement larvaire puis la nymphose.

~ L'établissement de la dose de rayons X ou ¥, en fonction du débit de la
source utilisée, provoquant une stérilité suffisante chez les miles, sans
altération marquée de leur longévité,

~ La mise en évidence des possibilités de stérilisation, piug ou moins pro—
noncée, des insectes issus de gftes larvaires et par suite déjd accouplés.

~ La nécessité de recourir & plus de 10 m8les irradiés pour un mile normal.

- L'absence d'effets différés notables dans la descendance des insectes
irradiés.

Toutes ces domnées obtenues ean laboratgire censtituent les
principaux &léments physiologiques permettant dtapprécier dans quelles con-
ditions l*application de la lutte autocide aux Oryctes est possible. Il
reste toutefois A préciser des aspects éceologiques notamment en matidre de
dynamique des populations et dans le domaine des attractifs.

Du fait de Ja biologie de ces insectes interdisant le 18-
cher de m3les stériles produits en élevage et de la compétitivité relative-
ment faible des insectes irradiés, 1l%emploi de chimiostérilisants associés
4 un attractif suffisamment efficace parait 8tre une formule mieux adaptée
& la lutte contre lea QOryctes, Aussi, dans Je cadre du Projet avons nous
entreprig 1l'étude de gquelques chimiostérilisants qui sera exposée dans une
publication ultérieure.
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DISCUSSION

E,A. TAYLOR: Has this insect been observed mating in its natural

environment?

B. HURPIN: It has rarely been observed mating as the adull is

crepuscular in its habits. It leaves the resting site after sunset and
burrows into the base of palm leaves. During larval population surveyd
Oryctes rhinoceros has occasionally been found copulating in rotting

coconut trees or compost.
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Abstract — Resumen

EMBRYCLOGICAL CHANGES IN IRRADIATED EGGS OF Triatoma infestans AND SUBSEQUENT
DEVELOFMENT .

The development of a technique for separating the contents of the egg of Triatomina inade possible
a complete microscopic study of the embryonic structures in the various stages of development, from the
earliest until hatching of the first nymphal stage.

Using a mixture of chloroform, ‘methyl alcohol and acetic acid in equal parts{a percentual modifica-
tlon of Carnoys fluid), we obrained three simultaneous effects: spontanecus opening of the operculum,
projectien of the embrye outside the egg and instantanecus fixation of the cellular structures. A complete
study of the structures can be made by subsequent staining with selective dyesand impreguration with
silver,

A large number of eggs were divided up into four barches, three of which were exposed to differemt
doses of radiation, the fourth serving as a control,

In the resutts obtained uxing X -rays, the higher the radiation dose and the eariier applied, the
greater were the changes, In embryos less than two days old the mean and high doses shown in detail
in the tables are lethal; cytological studies revealed profound changes in the nucleus: pykmosis,
karyorrhexis and protoplasmic vacuolation.

The low doses to young smbrycs produce less profound changes, but give rise to a physiclogical
weakening of the first-stage nymphs which hatch from them and do net sitvive to the second stage, The
mean deses applied to 8- to 9-~day-old eggs cause a delay in the hatching of the first nymph and some
slight maiformations {semi-atrophy of the tibia and tarsus, malformations of the tergites, etc.), the
majority being non-viable as from the second stage. High doses for similar times cause 100% lethality
in second-stage nymphs owing to an inability to feed from the first alteration.

ALTERACIONES EMBRIOLOGIC AS EN HUEVDS IRRADIADOS DE Triatoma infestans ¥ 5U POSTERIOR
EVOLUCION.

Fl desarrollo de una técnica que permite la separacidn del contenido del huevo de los triatominos,
permitid un completo estudie microsedpico de las éstructuras embrionarias en las distintas etapas del
desarrollo, desde las mds precoces hasta la eclositn de 1z ninfa 1.

Emmpleando una mezcla de cloroformo, aleohol metflico y 4cido acético en partes iguales
(medificacién porcentual del lquido de Carnoy) se dpgran tres efectos simultdneos: apertura espontfinea
del opérculo, proyeceidn del embridn fuera del hoevo e instamtdnea fijacidn de las estructuras celulares.
La posterior coloracién con tinciones selectivas e impregnaciones argénticas, permite un estudie complieto
de las gstructuras.

Tomando pn elevado nimero de huevos, se procedi6 a 1a confeccitn de cuziro lotes; tres en los
que se aplicaron diferentes dosis de radiaciones ¥ un cuarto que sirvié de testigo.

Los resnltados obtenidos con el empleo de rayos X demuestran alieraciones tanto m&s profundas
cnanto mayor es 1a dosis de radiacién aplcada y cuande mis precozmente se aplica. En los embriones
menores de dos dfas, lasdosismedias y altas gue se tabulan en el trabajo in extense resulian letales,
mostrande 1os estudios citolégicos alteraciones nucleares profundas, picnosis, cariorexis y vacuolizacidn
protoplasmética,

Lasdosis pequeltas en ambriones jovenes producen alteraciones menos profundas, pero que de-
bilitan fislol6gicamente las ninfas I eciosionadas de los mismos, las que a su vez no scbreviven al segundo
estadio, Las desis medias aplicadas a huevos de seis a nueve dfas provocan ul retardo ¢n la eclosidn de

303



504 CARCAVALLO et al,

la ninfa 1 y algunas malformaciones leves {semmiatrofia de tibias y tarsos, malformaciones en los tergitos, etc,),
siendo 12 mayerfa incompatibles con la vida a partir del sagundo estadio. Las dosis altas a iguales tiempos
provecan un cien por cien de letalidad en las ninfae I, por incapacidad de alimentacitn después de la

primera muda.

PROPOSITOS Y OBJETIVOS

Los Triatominae, comoe vectores de la tripanosomiasis americana,
son inseclos gue estan siendo estudiados en distintos aspectos de su
biologia. Uno de los menos conocidos, per lag dificultades técnicas de
su estudio, es su embriologia. La principal dificultad estriba en la
extraccion del embridn del huevo, dado que la conaistencia del mismo,
por su dureza y friabilidad despus de la accibn de los liquidos fija-
dores, hacen muy dificil el tratamiento que permita el estudio micro-
scbpico,

En 1968 desarrollamos una técnica que permite la fAcil extraccidn
¥ conservacion del embrion entere, libre de la cubierta del huevo.
Esto, una vez aplicadas técnicas clisicas de corte y tincidn, nos ha
permitido completar un estudio embriolégico que se halla actualmente
en prensa.

El empleo de radiaciones, cada vez mas usado en adultos ¥ ninfas,
lo ha sido pocas veces en huevos, con miras a conocer la influencia
que puede tener en el desarrollo del embridn y posteriores estadios.

En este trabajo nos propusimos:

1) Conocer si las radiaciones tenian influencia en el desarrollo em-
brionario del Triatoma infestans Kiug.

2) Determinar las dosis de radiaciones letales para el embrion.

3} Establecer las sensibilidades embrionarias a las radiaciones en
funcion de la edad del huevo,

4) Detectar posibles ancmalias o mutaciones inducidas.

5) Comparar la fisiologia de las ninfas nacidas de huevos irradiados
con controles normales,

MATERIAL ¥ METODOS

De los frascos donde se crian Triatoma infeatans en el laboratorio
se procedid a separar diariamente los desoves de las anteriores 24 h.
La cperacion se practico siempre a la migma hora, con el ohjeto de
tener una periodicidad de menos de un dia en 1a edad de los huevos.

Una tercera parte de los huevos fueron separados como controles
en tubos rotulados con la fecha y la marca 000 que nos indicaban la
condicidn de testigos. Los huevos restantes, destinados a ser irra-
diados, se mepararon en seis tubos diferentes con la dosis de radia-
cibn marcada, Hemos empleado 2000, 5000 ¥ 10000 R, usando radia-
ciones gamma y rayos X,

Se eligit el dia 12° para la irradiacién de todos los tubos, con lo
que obtuvimos similar nimerc de huevos de edades que oscilaron enire
menos de 24 h del desove hasta 12 dias de evolucidn post-desove, con
uns, periodicidad de un dia de evolucion entre uno y otro.
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Cada tubo conteniendo huevos de igual edad e idéntica dosis irra-
diada sirvib para separar tres lotes: uno fué destinado para fijarse
a lag 48 h de irradiado; otro para fijarse a los cinco dias y el Giltimo
para esperar la eclosion de la ninfa I y/o comprobar la no viabilidad
del embridon. En el cago de nacer ninfas, esgtas fueron criadas y ali-
mentadas en idéntica forma gue los controles. También los huevos
separador como testigos fueron procesadog en iguales periodos de
tiempo que los irradiados.

La experiencia fué realizada a temperatura constante de 27°C y las
ninfas fueron alimentadas con conejillos de la India.

El Hquido empleado para la fijacidn de los embriones fué el que
hemaos descrito en otro trabajo, consistente en una mezcla por partes
iguales de alcohol metflico, Acido acético y cloroformo. Este reactivo
tiene la particularidad de separar el opérculo del huevo, aumenta el
volumen del contenido ¥ fija las estructuras celulares, especialmente
del nicleo, Los huevos sumergidos en esie reactivo comienzan a abrir
su opérculo a los 30 min. A partir de ese momenio comienza a pro-
vectarse el contenido hacia afuera.

Cuatro horas méas tarde casi la mitad del contenido del huevo ae
encuentra afuera, lo que permiie que con la ayuda de una pinza fina se
extraiga el embrién cémodamente, el que ya esta fijado y en condiciones
de ser recogido el alcohol etilico puro. Posteriormente se¢ hidrata para
su coloracidn en bloque o ge completa la deshidratacidn para su inclusién
para cortes histologicos.

Los métodos de coloracion empleados fueron la hematoxilina de
Dalafield, la hematoxilina férrica, el método tricrdémico seghn Van
Gieson, el pandptico segiin Mallory y la impregnacibn argéntica segiin
Bielchowsky.

RESULTADOS

No se observaron diferencia entre los huevos tratados con radiacion
gamma y log irradiados con rayos X, en cuanto a los resultados.

La totalidad de los huevos irradiados a 10000 R interrumpieron
el desarrollo embrionario, siendo la dosis letal para el embrion.

Lag alteraciones citolégicas observadas son picnosis, cariorexis,

y carioligis, mientras el citoplasma muestra vacuolizacién (figura 1),
En cortes observados a pequefios aumentos ge muestra alteracibn general
de las estructuras {figura 2).

En los huevos irradiados a 5008 R se observd la muerte embrionaria
en casi todos los mae jovenes (entre uno y cinco dias de evolucion de la
oviposicibn), mientras que los mas evolucionados presentaron retardo
del nacimiento de la ninfa I, porcentaje alto y variable de letalidad y
disminucitn fisioldgica manifiesta de las ninfas que determiné la muerte
de lag mismas dentro de loe tres primeros dias de nacidas. En algunas
ge observaron alteraciones morfolbgicas consistentes en acortamiento
disgenésico de las patas yalguna anomalia de los tergitoa, esquematizada
en la figura 3.

La disminucibn fisiolbgica mas importante observada fué la in-
capacidad para alimentarse. Mientras en el lote testigo alrededor del
85% de las ninfas se alimentan dentro de los tres primeros dias de
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FIG.1.

CARCAVALLO et al,

A mayor aumento se observan las alteraciones nucleares y citoplasméticas.

. Fen6menos degenerativos en embrién de 14 dfas tratados con 10 000 R.



IAEA-SM-138/35 507

FiG.3, Mealformacifn en tergitos de una ninfa nacida de un huevo irradiado a 5000 R (esquemAtico).

TABLA I. LETALIDAD EN EMBRIONES IRRADIADOS CON 5000R,
EN RELACION AL TIEMPO DE EVOLUCION EMBRIONARIA EN EL.
MOMENTO DE SER TRATADOS

Edad del huevo N* de huevoy N® ninfas nacidas Embriones muertos Letalidad
en dias irradiados (%)
1 20 0 80 100
2 80 0 80 100
3 Fi-) o 75 100
4 80 o 60 100
5 100 . 4 96 26
[ 100 : 8 91 a1
i &G B 45 90
8 50 6 49 88
2 -] 18 64 80
0 100 a &9 B89
11 50 15 35 70
12 100 39 gl &1
Totales €R5 125 800 85,4
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TABLA il. LETALIDAD EN EMBRIONES IRRADIADOS CON 2000 R
EN RELACION AL TIEMPO DE EVOLUCION EMBRIONARIA EN EL
MOMENTO DE SER TRATADOS

Edad del huevo N°de huevos o . Letalidad
en dfas irradiados N° ninfas nacicdas Embriones muertos )
1 80 o 50 100
2 60 1] 80 100
3 50 3 47 4
4 a0 ] 47 94
5 109 ki 23 a3
8 50 9 41 82
T 10¢ 29 71 71
8 50 15 35 10
] 5¢ 20 30 60
0 50 24 28 52
11 60 40 20 33
12 60 39 21 a5
Totales T3 189 1 4,1
htdad 490 40 000 R
Nl
o4
0
6try §o000 R
S0
[y
2000 R
3o+
204
- “.
° el
4 2 3 A 5 6 7 S 40 44 4z Dl

FIG.4. Resultados obtenidos irradiando huevos de T. infestans con 12000, 5000 y 2000 R, comparados
con testigos no irradiados. Letalidad embrionzria en relacidn a 1a edad del embri6n cuando fue irradiado,
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204
FIG.5. Letalidad embricnaria general 40 i
eq irradiades a 10 000, 5000 y 2000,
comparada con el testigo,
par gupe g ° A0 0008 2000 R
9% de
ninfas I
nacidasr
Y N e "I'ksti,u
4 — 2000 R
seanenens 000 R

45

410+

T R 2] 28 25 27 29 51 S5 55 37 O &) A5 A5 %7 43 31 53 53 37 Dias de ,
incubacion

FIG.B, Nacimiento de ninfasI a partir del dia de desove en huevas viables, irradiados can 2000 y
5000 R y en no {rradiados.
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nacidas, en las irradiadas a 5000 R no se comprobd alimentacidn en
ninguna de ellas.

La aplicacion de dosis de 2000 R provoca gimilares consecuencias,
aunque algo atenuadas: el porcentaje de viabilidad embrionaria es
mayor, las ninfas [ eclosionadas presentaron en pocos casos mal-
formaciones congénitas y el 32% llegd a ninfa II. En este estadio se
produce un fendmenc de disminucitn fisioldgica que provoca la muerte,
por imposibilidad de alimentarse. Los huevos méas jovenes irradiados
a esta dosis son en sy mayoria los que determinan el porcentaje de
letalidad embrionaria antes expresada, ya que la eclosion de las
ninfas por parte de huevos irradiados después de 10 dias del desove
difiere poco de lo observado en los especimenes del grupo testigo.

En las tablas I y II se analizan los datos obtenidos en huevos irradiados
a 5000 y 2000 R respectivamente. En las figuras 4, 5 y 6 se muestran
los resultados obtenidos.

DISCUSION

1.a aplicacibén de radiaciones en dosis que varfan entre 2000 y
10000 R provocan alteraciones en el embrién que varfan en funcidn de
la edad del huevo y de la dosis aplicada. Estas alteraciones van desde
la muerte del embribn en forma mis o menos inmediata, hasta una
sobrevida que puede extenderse con apariencias de normalidad hasta
las ninfas II. La incidencia de fendmenos mutagénicos esti dentro de
lo que podria esperarse en la hipbtesis de trabajo, al igual que la
letalidad observada.

Un fendbmeno no muy claro es la incapacidad de alimentarse que se
ohservd en algunas ninfas 1rradiadas en estado embrionaric a 2000 R,
hecho que se observd recién después de la primera ecdisis. La buena
disposicidén a alimentarse de las ninfas 1 contrastd evidentemente con
lo sucedido posteriormente. E] estudio anatdomico de las mismas no
demonstro ningln tipe de alteracibn. La declinacibn fisiolbgica después
de la ecdisis puede estar relacionada con indeterminados mecanismos
hormonales, pero es significative ¢l hallazgo de una alteracidn de las
proteinas linfaticas en lag ninfas irradiadas, cunando se estudian mediante
electroforesis. Intrigados por la explicacidn del fendmeno, decidimos
realizar tiradas electroforéticas, aplicando la técnica utilizada para un
trabajo anterior. Comprobamos que las ninfas II provenientes de huevos
irradiados presentan una disminucibn global de las proteinas, pera
especialmente muy manifiesta en el sector de velocidad de corrida
correspondiente a las globulinas beta y gamma del szero humano que
empieamos como patron.

Esto podria explicar la alteracibn fisioldgica de consecuenciag
letales, que si bien no impiden la ecdisis, altera la capacidad alimentaria
de la ninfa II, pudiendo incluso considerarse la hipotesis de una alteracibn
con la relacion simbibtica,

La aplicacion de dosis inferiores a 1000 R, que estamos realizando
actualmente, se bhasa ¢n la hipotesis de encontrar un mecanismo de
regulacmn figiologica lo suficientemente aiterado para evitar la pro-
pagacidn de la especie, pero lo suficientemente conservado como parda
permitir el completo desarrollo de loa especimenes. Gomez Nifez,
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estudiande el Rhodnius proxilus, encuentra que la irradiacion de huevos
¥ ninfas provoca esterilidad completa pero acompaifiada de graves
alteraciones morfolbgicas en los adulios que surgieron de ellos.

Es interesante también el retardo en la eclosién de las ninfas que
estan directamente en relacidn con las dosis empleadas, como se puede
ver en la figura 6. Puede apreciarse que mieniras en los testigos
eclosionan el 84% de las ninfas entre los dias 21 y 39 de 1a oviposicion,
en los irradiados con 2000 R sblo lo hacen el 63% en igual periodo, y
en los de 5000 R sblo €l 31%, tomando en los tres casos los porcentajes
sobre. el total de ninfas nacidas y descartando los huevos no viables,

CONCLUSIONES

1y Las radiaciones gamma y los rayos X afectan el desarrollo
embrionario del Triatoma infestans,

2) Las alteraciones del desarrollo son tanto més profundas cuanto
mayor es la dosis irradiada, siendo letales enell00% de los embriones
cuando se aplican 10000 R, en un alto porcentaje cuando la dosis es de
5000 R ¥y menor cuando es de 2000 R.

3) las alteraciones del desarrollo son tanto mas profundas cuanto méis
jovenes son los embriones irradiados,

4) Es dable cbservar algunos fendmenos mutagénicos, con aparicibn
de anomalias en las extremidades y en los tergitos de las ninfas I,

5} La muerte celular presenta microscopicamente figura de picnosis,
cariorexis y cariolisis, acompafiadas de vacuolizacion citoplasmatica.

6) Las dosis experimentadas demuestran la sensibilidad embrionaria
a las radiaciones, pero no parecen itiles para ningiin tipo de control
de estos vectores. Las actuales experimentaciones con dosis
menores de 1000 R son promisorias, aunque se encuentran todavia
en la primera etapa.

7) Existe un fendmeno de disminueidn figioldgica que se observa en las
ninfas I de huevos irradiados a 5000 R y en las ninfas 1I de los irra-
diados a 2000 R, cuya consecuencia es letal.

8) En relacidn a lo anterior, se observa una disminucién marcada de
las proteinas linfiticas de estas ninfas, especialmente en el sector
que corresponde en velocidad de corrida a las globulinag beta y
gamma,

"
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DISCUSSION

.M. WIENDL:; Could you tell me why there is a delay in the eclosion
of the nymphs? Your Fig.6 shows a great difference in the eclosion
percentage from day 23 to day 31,

R.U. CARCAVALLO: I can only hazard a guess. The mosi feasible
interpretation is that embryonic cells with endocrine functions are
affected, with a consequent delay in development.

W.F. BALDWIN: You spoke about mutagenic damage from radiation,
and I am wondering whether this damage occurred in irradiated indi-
viduals or in progeny of these individuals.

R.U. CARCAVALLQ: The malformations occur in the nymphs from
irradiated eggs.

W.F. BALDWIN: 1had an idea that the damage might be malformations
caused by the irradiation of cells which were later involved in the forma-
tion of appendages.

R.U. CARCAVALLQ: Iagree with you. It might be preferable to use
the term 'teratological' instead of 'mutagenic'.

J.C. GOMEZ-NUNEZ: It would be interesting to follow up this work
by a study of the effect of radiation on syrmbiotic organisms, as the
results suggest nutritional deficiencies in nymphs from irradiated eggs.
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Abstract

EFFECT OF GAMMA IRRADIATION ON IMMATURE SUGARCANE BORERS,

The effect of gamma radiation was assayed in respect to induced sterility and monality in the embryonic
stage, the five latval stages and the pupal stage of the sugarcane borer Diatraea saccharalis {Fab.)
(Lepidoptera: Crambidae). Radicsensitivity was greatest fn embryos, followed by the larval stages. Each
stage was progressively more radioresistant. Pupal radioresistance was greater, and resistance increased
with age within the pupal stage, It is impractical to irradiate any immature stage for producing sterile adults
because somatic damage is so severe that only a small proportion of individuals survive to the adult stage.
‘Those few that survived were incapable of mating effectively.

INTRODUCTION

The objective of this experiment was to determine whether the sugar—
cane borer, Diatraea saccharalis {Fab.) would be sterilized with gamma
radiation in the immature stages, Walker [1] reported that adults could be
sterilized at relatively high exposures, i.e. 20 to 30 krad. His preliminary
work showed that even exposure to low doses caused high mortality in larval
stages. When irradiated larvae or pupae survived irradiation and completed
development to adulthood they had low mating frequency and low fertility
rates. The work reported here was undertaken to test these earlier
observations in a more refined and systematic manner,

Gamma-induced sterility has been studied in many Lepidoptera.
LaChance et al. [2] summarized much of this information. Judging from
the publications available one would conclude that it is only practical to
sterilize adults by treating the late pupal stages or the adults themselves.
Although we know from personal knowledge that many workers have ex—
perimented with gamma-induced sterility of immature Lepidoptera, very
few of these data have been published. Proverbs and Newion [3] report
the effecte of gamma exposure on immature life stages of the codling moth
on the basis of developmental units. This is a measure of developmental
rate that is time-, temperature—, an# light—-dependent. Unfortunately it is
not an expression of stage sensitivity directly. Husseiny and Madsen [4]
present data for the radiation effect on early life stages of the navel orange—
worm and El Sayed and Graves [5] with Heliothis virescens. The general
conclusions that can be made from these experiments are that the immature
stages are relatively much more radiosensitive, and that post-treatment
survival is low when larvae are irradiated.

We have attempted to evaluate this in a systematic manner by treating
individuals of each immature life stage.

Vigorous, long-lived, productive, sexually-active adults with high
genetic load are desired in a sterile-release program. Ideally these adults
should out-live normal adults in nature, and théy would be superior in

513
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mating capability. Post-treatment survival, sexual performance, and
detrimental genetic factors are the three important aspects to he considered
when immature insects are to be sterilized. The genetic factors are the
cause of the dominant lethality, but if survival is low, or if the sterile
adults produced are ineffectual mating competitors, their useful contribu-~
tion in an overflooding program is limited.

The various contributing factors to male sterility have been examined
in detail by several workers. Cheng [6] has made an elegant analysis of
these factors in the gray sugarcane borer (Eucosma schistaceans) while
Flint and Kressin [7] have made an equally competent study with Heliothis
virescens. Both works have emphasized the need to he aware of the
precision of our objective: fertilization with death in the embryo. Females
that have received spermatophores do not produce zygotes if there has been )
sperm immobility, fauliy sperm transfer, or aspermia. Ourapproachto
this problem has been considerably less profound, but more direct. We
are fortunate that egg development is easy to observe, and the blastula
stage can be identified in fertile eggs within 24 hours after oviposition.

Thus cur determination of sperm effectiveness is based upon fertilization
rather than the suitability of the sperm itself. This is described in detail
by Walker and Quintana [8].

MATERIALS AND PROCEDURE

The laboratory strain tested originated from material that had been
collected as fifth instars and pupae in cane and corn from western Puerto
Rico. The insects irradiated were grown on PRNC diet, or on corn stalk.
See Walker [1] for a discussion of rearing methods,

The source used is a water-shielded 2 000 Ci cobalt-60 installation that
has the exposure field in the centre. The dose rate was 2 000 R jmin for
all exposures. Since most of the exposure times were short the insects
were not aerated during exposure,

Four adults were irradiated simultaneocusly in the one-ounce pelyethylene
exposure chamber. Up tc 20 larvae, or 30 egg clusters were irradiated
at the same time. The chamber was positioned inside a celluloid column
which was in turn held in pesition by a polyethylene collar inside a weighted
one—gallon polyethylene bottle. Dose was measured by the Fricke method,
The position effect within the exposure chamber was measured using silver
phosphor dosimeters and were read by a Turner Flucrometer. Variation
within the chamber was less than +3%.

Individuals to be irradiated were selected and then isoldted before
placing them in the exposure chamber. They were removed immediately
after exposure and returned to artificial diet if larvae, to the normal
handling procedure if embryos or pupae, and were mated when they became
adults. Mating containers were four—ocunce polyethylene cups.

Five hundred embryos were irradiated in the black head (head capaule)
stage. They were 72 hours old when treated. The larvae that emerged
were collected twice daily as they hatched. Individuals to be treated as
larvae were removed from food and the developmental stage was deter—
mined by measuring the width of the head capsule. Fifty larvae of each
stage were ireated, Larvae were removed from the food for irradiation
and immediately returned to food after irradiation. Larvae were examined
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TABLE I. STERILITY AND MORTALITY IN IRRADIATED EMBRYOS?

:)k‘:)e %‘:[x:i;y Stages of deathP Gomments
[t 100 None 30 days dev't, time
0.5 0 E, adult, pupae, 5, 4 45-60 days to death
1 I} E, aduir, pupae, 5 prepupal 5070 days
2 4 E, adult, pupae, 5§ prepupal None mated
4 0 E. 5pupae, prepupal Nooe tnated
] o E, 5, 4 None pupated
8 4] E, 3 21 None pupated
Lived 10 days
10 0 E 2 1 None pupated
Lived 8 days
12 0 E, 1,2 None popated

Lived 5 days

% 12 hours old, 500 individuals at each dose
b Larval stages: E=embryonic, 1= first, 2=second, 3 =third, 4= fourth, &= fifth, prepupal

every fifth day after irradiation, and the dead larvae were removed from
the foad. ILarvae were considered to be dead when they failed to respond to
the tactile stimulation of an artist's brush, Pupae were examined daily
after irradiation until the fourteenth day. By the end of this period all the
living insecis had emerged as adults,

Matings were made as individual pairs in four-ounce plastic cups.
The treated individual was paired with a normal mate within 24 hours of
emergence, BEach palr was held in the dark for 48 hours to ensure high
mating frequency. All females were dissected after death to determine
the number of times that each had mated; but fertility of eggs was only
calculated on the basis of egg development as described previously [8].

In our method of rearing it was impossible to select larvae of uniform
age within the particular developmental stage. This does nof present
difficulties except in the fifth stdge. Young fifth instars are more radie-
resistant than those which have already begun prepupation tissue changes.
Fifth instars were selected by stage on the basis of head capsule width and
overall size, and within the stage tHey were selected on the hasis of their
activity: inactive or sluggish individuals were not selected for treatment.

RESULTS

Embryos (Table I)

Approximately 80% of the 500 normal embrycs completed development
to the adult stage, and of these nearly 50% of the females mated and laid
fertile eggs. Development time te the adult stage was 30 days or lees,
Among the irradiated embryos a large number died in the embryonic stage,
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FIG.1. Larval survival at different doses,

i.e. they failed to hatch, and development time was longer than the
unirradiated embryos. There was high mortality in the embryonic stage

at all doses. None of the adults produced eggs that hatched when mated to
normals, although some of the eggs that were laid were fertile., At 4,0 kR
and above none survived to the adult stage. Because of early death life—
span was shortened at 4.0 kR and above, but at 1.0 and 2.0 kR development
time was prolonged to as long as 70 days.

Larval stages (Table II, Fig.1)}

Survival was reduced by radiation at all doses, and development time
between larval stages was doubled or tripled. Adults were harvested from
only the four lowest doses (8.0 kR and helow), but they failed to mate,
Above B, 8 kR none survived beyond the third larval stage even though some
of these lived as long as 40 days, At 25 kR all irradiated larvae died be—
fore reaching the second larval stage,

Non-irradiated larvae

Survival of non—irradiated larvide to the adult stage was high regardless
of stage. Of the 50 larvae of each stage 40 first instars survived to become
adulte, 32 second instars, 32 third instarsg, 32 fourth instars, and
44 fifth instars, Even among the normal individuals there is a range in
time spent in each developmental stage. The averages for each stage in
normals was first 3 days; second 4 to 5 days; third 4 to 6 days; fourth
5 ta 8 days; fifth 5 to 8 days; and pupal stage 5 to 6 days, Thus the
minimum time that could be expected from first instar to adult is 26 days,
from second to adult is 23 days, third to adult is 19 days, fourth {o adull is
15 days, fifth to adult 10 days. Averages for developmental rate of non-
irradiated individuals were actually about ene-fourth greater than these
minimum time periods.
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TABLE LII. MORTALITY AND STERILITY OF IRRADIATED PUPAE

Sex Dase Nomber Nl.ll‘l‘:lbel' sz;val Surv?vcrs F:;:E of fi‘ile
kR tested survived o mated B et fernale eggs
adulc? P hatched
Pupae of 0-3 days age when imradiated
M il 28 25 106.0 90,3 276.0 26.0
M 2 2% io 44.3 40,0 120,¢ 86.9
M 4 23 B 38.5 4.8 78,58 0
M 6 22 4 20,2 18.2 68.0 0
M o 3z 0 0 0
M 12 440 o] Q0 0
M 18 42 ] 0 0
M 25 21 ¢ 0 s}
F 0 21 17 1000 81.0 2950 82,1
F 2 16 10 17.2 2.5 214.0 1.4
F 4 21 13 75.8 6l.4 156, 8 0
F g 29 | 37.0 30.0 83.0 a
F ] 26 3 14,2 1i.8 18,0 o
F 12 22 0 0 o
F 16 28 i} 0 ]
F 25 20 0 0 ]
Pupae of 3-4 days age when irradiated
M 0 21 19 104.0 890.5 304.8 95.1
%3 2 15 11 8l.0 73,3 71.3 43.9
M 4 14 4 30,5 21.6 1.3 0.9
M 8 12 2 18.5 18,17 .5 Q
M ] is 8 36.8 33.3 13 ¢
M 12 17 0 1} 0
M 14 20 0 0 0 X
M 25 15 0 0 0
F ] 19 16 109.0 £4.2 296.8 91,1
F 2 11 8 64,8 4.6 106,90 8.3
F 4 19 8 71.8 60,0 g23.0 0
F B 14 5 84.8 7i.4 208.0 0
F ] 13 ¢ 0
F 1% 15 0 i
F 18 17 ] 0
F 28 16 0 0
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TABLE III {cont.}

Sex Dosé Number NIIII‘]be.l' Surv%i’va!. Sur::nvms F:;::e of r;};rr.il.e
kR tested survived to b eggs
aduit? mated per female hatched
Pupae 4-5 days age when lrradjared

M o 23 20 104.0 817.0 300.5 85,4

M 2 21 18 98.5 85.7 101.0 54.4

M 4 20 13 4.7 65.0 123.0 24,5

M & 28 24 QS. 5 86.17 68,2 0

M 9 29 23 91,1 9.3

M 12 27 20 85,1 74.0

M 16 a0 Q 1]

M 25 32 g 0

F ] 30 28 100.0 93,3 %98.3 96.8

F 2 16 8 33.8 50,0 268.3 45.0

F 4 15 12 B3.7 80.0 9.0 25.8

v ] 18 o 53.6 50.0 13.0 15.4

F 9 a7 18 7.5 66.7 14.5 0

F 12 2% b+ Bl.4 75, %

F 16 31 ¢ 0

g 25 €0 0 0

2 ‘Corrected (Abbot)
b percentage of survivors that mated

The two effects that can be atiributed to irradiation are mortality
bhefore becoming adults and prolongation of develepment time.

None of the irradiated larvae produced offspring upen reaching the
adult stage, and mating frequency of these adults was very low.

First instars: At 8.8kR and above none of the irradiated first instars
survived beyond the third larval stage. At 0.8, 3.2, 6.4, and 8.0 kR
5, 1, 1, and 14 larvae survived to become adults. None of these adulls
mated. Duration of development time in each stage was twice or three

times as long as the unirradiated larvae.

Second instars: Larvae survived to become adults at 0.8 to 8.0 kR,
and none of these adults mated. At 8.8 kR and above no larvae survived
beyond the fifth stage. Larval development times were considerably longer

in the dose range 0.8 to 8.0 kR.
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FIG.5. Percent of fertile eggs that haiched from {rradiared pupae.

Third instars: Adulis were produced from larvae irradiated at 0.8,
3.2, 6.4 and 8.8 kR as follows: 42, 41, 25, and 12, None of these adults
mated, Development time in each stage was nearly three times as long in
all individuals that survived the radiation at doses above 3.2 kR. A small
proportion of the larvae treated at 8,8 and 9,6 kR reached the fifth stage,

but at 10.4 kR and above no larvae lived beyond the fourth stage.

Fourth instars: Larvae survived to the adult stage after exposure
to 16.0 kR or less, but none of these adults mated. Pregressively more
survived than third instars at the same doses in the 0.8 to 8.8 kR range,
and there were maore survivors to the adult stage at all the dosages in

comparison to third instars when compared on the basis of gurvival.
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Development times were 1% to twice as long as non-irradiated larvae,
In relation to previous stages fourth instars have greater survival at equi-
valent doses,

treatment and from lower doses. Relative survival at equivalent dose was
about one-half that of fourth instars, Development time is more difficult
to evaluate in this group, and death was common in the stage irradiated.

Pupae {Table III, Figs 2-86)

Male pupae of 0 to 3 days age survived to become adults at treatments
of 6 kR or less, but mating frequency was low in these survivors and the
number of fertile eggs produced by the normal females to which these
treated males were mated was low,

Female pupae of 0 to 3 days age were relatively more radioresistant
than males of the same age. Females survived 9 kR or less to become
adults, but the number of fertile eggs produced was greatly reduced by
treatment of 6 to 8 kR.

Male pupae of 3 to 4 days age had higher survival rates and higher
mating frequency than comparable males of the younger age group with
lower rates of production of fertile eggs at equal doses,

Female pupae of 3 to 4 days age did not lay as many fertile eggs as
comparable females at the same dosage in the 0 to 3 day group. None of
the females exposed to 9 kR mated. Females of this age group were less
radioresistant than the younger females.

Male pupae of 4 to 5 days age survived, mated and the normal females
to which they mated produced fertile eggs at dosages of 6 kR and less.

At 9 kR and 12 kR males mated, but no fertile eggs were produced.

Female pupae of the 4 o 5 days age group survived, mated, and pro-—
duced fertile eggs after exposure to 9 kR or less. At the 12 kR exposure
they survived, but none mated.

Pupal development time was at least twice as long as the development
time in unirradiated pupae.

DISCUSSION

Embryos -

Very low doses of radiation, as low as 0.5 kR, cause severe damage
as evidenced by the failure of the survivors to produce offspring. The
developmental period is greatly extended, probably owing to inhibition of
cell division., And this is for an insect that requires over 20 kR to produce
complete sterility in adults [1]. The damage caused by these low doses
seems incomprehensible, However, we must assume that embryonic cells
are rather unspecialized and that damage to very few cells could alter
several tissues arising from the damaged embryonic cells. This hypothesis
is further strengthened by the fact that doses of 8 kR and above prevented
all surviving individuals from pupating.
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Two faciors have to be considered in the irradiation of embryos:
(1} duration of larval life, and {2) survival to adulthood. At very low
doses {up to 4 kR), larval life is lengthened (for the reason already
mentioned) and some individuals reach adulthood. These adults were use—
less since they had difficulties mating and those that mated produced nc
embryonated eggs, The higher doses {above 4 kR} are very effective in
reducing larval lifespan. If we assume that ariginally the larval lifespan
was increased as a result of mitotic inhibition we must conclude that the
shortening of lifespan is caused by the same phenomenen. Very short larval
lifespan is probably caused by total inhibition of cellular division accom-
panied by severe cytological damage at the higher doses.

Larvae

The most radicsensitive larval stages are the first and the second,
even though the second is considerably more resistant than the first
{Table II}). As with embryos, very low doses (0, 8§ kR} are damaging enough
to reduce survival to adulthood by at least 90%., However, there is a steady
increase in radioresistance with age up to, but not including, the 5th instars.
Originally, the fact that 5th instars were more radiosensitive than
4th instars was surprising, After examining the survival data on our
control colony we found that only under the best conditions were 5th instars
capable of surviving to the pupal stage. In fact mortality in our laboratory
colony is more common in the 5th stage. This suggests that individuals
in this particular stage are intrinsically weak and probably the weakest link
in normal development. If this is the case, it should not be surprising that
5th instars are more radiosensitive than 4th and prebably 3rd instars.

Survival to adulthood as a measure of radioresistance could be mis-
leading if the survivors were to be used in a sterile-release program.

High adult survival rates were obiained when fourth instars (the most
radioresistant] were irradiated at or helow 6.4 kR. These adulis were
incapable of mating, which is a very undesirable characteristic. A more
meaningful basis of comparison would be the yields of sexually competent but
sterile adults. On this basis all larval stages must be considered as very
radiosensitive since even the lowest treatments greatly impaired the

mating capacity in all larval stages.

First, second, and third instars have a narrow range of folerance to
radiation damapge, but some fourtk and fifth instars were able to reach
adulthood affer treatments of 12 kR or higher. This can be explained in
terms of chronological age within stage. The fourth and fifth stages are
probably the longest stages in the life cycle. Since our experiment is based
on larval stage rather than age, more variation in age within the stage
would be expected in the older groups, the younger individuals within a stage
being more radiosensitive.

Pupae

Using several criteria for radicresistance, the pupal stage appears
to be the least sensitive of all the stages studied. The trend of increasing
radioresistance with age holds true here also since pupae are more radic-
resistant in terms of survival to adulthood than any of the other stages tesied
(Figs 2 and 3}, On this same basis radicresistance increases with age
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within the stage. It has been demonstrated that the adult is the most
radioresistant of all stages [1]. Since the dose required to reduce survival
considerably in 4 - S-day-old pupae is quite high one could suspect that
pharate adults were irradiated. However, Walker [1] has observed that
the mating frequency increases when adults are irradiated at low deses
and this did not happen when 4 ~ 5-day-old pupae were irradiated. In fact,
a marked decrease in adult mating frequency was observed when pupae of
one age were irradiated.

A successful sterilization program must provide high yields of indi-
viduals capable of laying high numbers of embryonated eggs with enough
dominant lethals to cause early death., This cannot be accomplished by
irradiating pupae since egg production is sharply reduced even by low radia-
tion treatments (Fig.5}. In irradiated female pupae egg damage prevents
high produetion of eggs while in males irradiation causes either aspermia
or immotile sperm. The number of embryonated eggs and the total number
of eggs produced by normal females mated to the surviving irradiated
males demonstrate that immotile sperm or aspermia is the main cause.

CONCLUSION

It is immediately evident from our discussion that irradiation of
immature stages of D. saccharalis falls to meet all the requirements for
an effective sterility program. Irradiation of larvae not only produces low
yields of adults, but also lengthens the life cycle tremendously. Moreover,
the few adults produced are sexually incompetent. Moderate yield of fairly
competent adults can be obtained by irradiating pupae, but the vield is
sharply reduced at the sterilizing dose, and sperm are defective. We must
‘therefore conclude that it is Impractical to irradiate immature stages with
the purpose of using them in a sterile-release program.
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F.M. WIENDL

Nuclear Energy Center for Agriculture,
College of Agriculture “Luiz de Queiroz",
Piracicaba, 5Zo Paulo, Brazil

Abstract

S50ME GAMMA-IRRADIATION EFFECTS ON SURVIVAL, LONGEVITY AND REFRODUCTION OF Zabrotes
subfasciatus (BOH. ).

Gamma-irtadiation effects (from a *®Ca sonrce) on Zabrotes subfasclatus (Boh.) (Coleaptera: Bruchidae)
were studied to determine efficient doses for controlling the worst pest insect attacking stored beans
(Phaseciug vulgaris L,), the largest source of proteins in Brazil,

Five dosages were used for the imadiation of 0 - 24-hour eggs: 0.5, 1, 2, 5 and 10 krad; there was
ng emergence at the 2-krad dosage.

Three=day=-old larvae (8 days after oviposition) and 2 - 3-day-old pupae (19-20 days after oviposition)
were irradfated with doses of 1, 2, 5, 10 and ¢ krad. The larvae Iadiated with § kead and the pupae
irradiated with 20 krad did not emerge into adults. With the low imadiation doses the time elapsing before
emergence into adults was greater than that for the control, and adults developing from pupae irradiated
at 5 krad were infertile.

1 to 2~day-old adults irradiated with doses of 1, 2, 5, 10 and 20 kzad became non—fertile from 10 krad
upwards, Irradiated with 14 curnulative doses of 25 krad, there was an increase of & days in the longevity
with the 25-krad dose, which decreased gradually with the inerease of the doses, the adults irradiated with
350 krad living only 24 hours,

In order that the results could be compared with confidence the same dose rate was used throughout,
namely 19.5 krad/h, with the exception that for the determination of the effect of radiation on the longevity
of adults a dose rate of 105 krad/h was used.

From the results obtained it was concluded that irradiation of this bruchid {s highly effective with
relatively low doses, which do not canse side effects on beans, as proved by field and laboratory spreuting,
survival, growth and production tests,

INTRODUCTION

In Brazil Toledo [1] estimated the losses caused by weevils in stored
beansto be 20%. Rossetto and Carvalho [2] stated also that Zabrotes subfasciatus

{Boh, ) is the species which does most damage in warehouses and silos.

For many years the effectivene®s of irradiation at sterilizing doses for
controlling insect pests in grains and stored products has beenknown. However,
most of the work on this subject has been carried out in technologically
advanced countries, which do not have this bean weevil species.

In fact, inthe advanced countries beans are very rarely used for human
consumption; the !per capita' consumption varies from 3 to 16 g/day, while
in Brazil in the areas with relatively well fed population the consumption
is 68 g/day [3]. Perhaps this is the reason why kwashiorkor, or protein
hunger, is relatively rare in the country, The disease exisis, however, in
the slums and in the zone of the Brazilian northeastern staies with abundant
vegetation, beiween the coast and the interior infertile areas [4,5]. To
halt the destruction of beans in this zone — a food which provides proteins
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with lower value than the animal proteins but which is the only protein
source for a large part of the populaiion ~ work was undertaken to determine
such factors as the sterilizing doses and the lethal effect.

MATERIAL AND METHODS

Irradiation source and dose rate

A cobalt-60 source with approximately 1000 Ci was used for the irradi-
ation. Because the doge rate is of great importance in this kind of work,
it was kept at 19. 5 krad/h throughout the experiments [6], except in a test
to determine the lethal dose, in which 105 krs.d/h was used, The insects
were collecied from a stock of many generations reared in the laboratary.

All the tests, including irradiation and post-irradiation rearing, were
run in vials 37 mm high and 44 mm diameter, covered with paper with a
number of holes in it, During irradiation theze covers were replaced by
polyethylene plastic ones and the unused space was filled with cotton., This
care was taken {o avoid injuries by the moving of the grains and, in the case
of irradiation of imagoes, to avoid changes in the way the beans were
positioned.

Post-irradiation rearing tests were run at 30°C and 70-72% r. h.

Irradjation of eggs

Eggs aged 24 to 48 hours were used. The doses were of 0, 0.5, 1, 2,
5 and 10 krad. Each doge was replicated 4 times, with 100 to 300 eggs
for each replication. The sterilizing dose was determined by post-
irradiation count of the eggs, which either turned white, indicating origi-
nation of a larva, or dried out, indicating sterility.

Also determined were the time for emergence of the first adult, and
the number and oviposition of all the adults emerging from irradiated eggs.

Irradiation of larvae

Eight days after oviposition the larvae were irradiated, i.e. 3-day-old
larvae. The doses were of 0, 1, 2, 5, 10 and 20 krad, the number of larvae
varying from 25 to 60 for each replication, with 4 replicationg at each
dosage,

The lethal dose for larvae was determined by a post-irradiation count
of the emerged adults. Also determined were the number of days required
for emergence of the first adult, as well as its oviposition and fertility,

Irradiation of pupae

The pupae were irradiated 19 - 20 days after oviposition., The doses
used were of 0, 2, 5, 10 and 20 krad, There were 25 pupae for each
replication and 4 replications for each dosage. The number of adults
emerging and their oviposition were also determined.
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TABLE I. RADIOSENSITIVITY OF EGGS

Na, of fertile No, of days for

Dose No. of eggs % of eggy % of
. eggs laid by emergence of
(krad) irradiated hatehed emerged adults adults 1st adalt
i 362 84,16 =17 11240 23
0.5 74 63, 95 51, b5 486 2%
1 587 2,83 0, 53 a a2
% 930 o a 0 -
5 799 0 i ] -
10 648 ] ] ] -
TABLE II. RADIOSENSITIVITY OF LARVAE
I No. of larvae % of emerged No. of fertile No, of days for
{krad) \rradiated adults egps laid emergence of
by adults 1st adult
V] 151 86.09 2513 19
2 183 T, 86 T2 28
] 133 0 ] -
10 152 0 ] -
20 152 1] 0 -
TAELE IIIl. RADIOSENSITIVITY OF PUPAE
Doge % of emerged No. of fertile eggs
(krad) adults laid by adults
] 100 24613
2 2 87
§ 8 0
10 ] 0
20 o o

Irradiation of adults

Two tests were carried out to determine the sterilizing dese for adulis,
one for males and one for females. All the insects were taken out of the
beans, with a needle, to make sure that they were unmated, The doses
were 4, 6, 8 and 10 krad, with 15 males for each dose, in 3 replications,

To determine the sterilizing dose for the males, they were paired,
affer irradiation, with 24-hour-old unmated normal females, and from
their oviposition the fertility was deiermined. The same process was
repeated, but vice versa, i.e, irradiated females with unmated normal
maies, always with a count of the fertile and sterile eggs.
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FIG.1. Ratio between fertile and infertile eggs laid by irradiated females mated with normal males
{@% curve) and by normal females mated with irradiated males (% curve),

To determine the lethal dose for imagoestwo tests were made, with
mortality counts taken daily. The first test consisted of irradiation at
G, 2, 5, 10 and 20 krad; the second one of irradiation at ecumulative doses
from 25 to 350 krad, with a dose rate of 105 krad/h, Daily counts were
made until all the individuals were dead.

RESULTS AND DISCUSSION

Table I shows the data obtained from the irradiation of the eggs,

Table Il gives the results obtained from the irradistion of the larvae,
which, compared to the eggs, were found to be slightiy more resistant.

Table I is a summary of the results obtained from irradiating the
Pupae, showing a slight increase in the resistance to gamma radiation.

Figure 1 shows the ratio of fertile to infertile eggs laid by irradiated
females mated with normal males (2% curve) and by normal females mated
with irradiated males (¢¢ curve), From this it can be seen that the males
are more radiosensitive than the females. There was complete sterilization
of the males at 10. § krad and of the females at 11. 8 krad. Pojnt 1% in the
curve was oblained by calculating the results obtained from the controls for
the other tests. The relatively low doses causing gterilizing and lethal
effects on eggs, larvae and pupae were observed with due consideration to
the werk of several different authors on species of the game family [ 7-10] .

The longevity of irradiated adult insects undergoes an increase of up
to 6 days at a dose of 10 krad as compared with the control, and to judge
from the longevity test this insect is highly resistant as compared to other
species of the same family. A continuous decrease in longevity, down to
only 24 hours at 350 krad, is observed (Fig. 2).
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FIG.2. Longevity of adults as a function of dose,
CONCLUSIONS

For Zabrotes subfasciatus {Boh. ), irradiation is a highly efficient
method and, as proved by some sprouting, survival, growth and production
tests of the beans, these doses do not bring about morphological changes
in the plant developmeni, mainly because they are relatively low,

It is clear that there is still much to be done in the commercial appli-
cation of this method in Brazil but there is no doubt as to its efficacy as
a means of solving the problem of stored beans, without causing any
problems with the accumaulation of toxic insecticide residues. The only
inconvenience, already long known, is the easy reinfestation, and to avoid
this, the beans mu=st be stored in suitably protected places,
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DISCUSSION

C. BORGHI: The inhibition dose of 5000 rad seems considerably
lower than the 8000 rad encountered in other cases. Is this due to a weak-
ness of the species, or is there perhaps some doubt as to accuracy of
mezasurement of the doses?

F.M. WIENDL: This weevil is particularly sensitive to gamma radi-
ation. I am quite sure that the dose was measured correctly; we have a
very good dosimeter,
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