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FCREWORD

Insectis that are harmiful to animals and plants continue to pose one of
the most serious problems in agriculiure. Despite sophisticated equipment
and the continuous development of new techniques, only a few species of
harmful insects can be said {0 be 'controlled'. Agricultural losses from
the activity of insect pests amount to millions of dollars annually, and the
spreading of plant disease by insect vectors is one of the major causes of
famine.

Ingecticides have met with only limited success in pest eradication
programmes. Many insects develop resistance so that new insecticides or
stronger concentrations of those already in existence must be used. Some
insecticides adversely affect other components in food chains, thus upsetting
ecosystems. The possible accumulation of toxic insecticide residues, which
might reach levels harmful to the biota, represents another potential
undesirable effect. Nevertheless, such pesticides play an importani role
in the control of arthropod pests. Isotopically tagged pesticides permit the
scientist to follow their distribution and concentration during metabolism
in the organism or in higher levels of ecological classification.

The nuclear era has provided man with new and versatile tools for
controlling ingect pests and for studying various aspecis of entomology that
were hitherto unheard of or considered impractical or impossible. Radiation
and isctopes coniribute significantly to cur knowledge and understanding of
various disciplines related to entomology, such as genetics, physiclogy,
behaviour and ecology. This knowledge is essential for the scientist to plan
the most effective and economical ways, not only to eliminate insect pests,
but also to propagate beneficial insects.

The versatility of these new techniques appears in almost all aspects
of applied and basic entomology. At the molecular level, coding and repli-
cation of DNA have heen followed by isotope application. At the cellular
level, miclear radiosensitivity relative to cytoplasmic radioresisiance has
been determined by irradiating insect eggs. At the tissue and organ levels,
the conceniration and distribution of tagged insecticides have beendetermined,
thereby contributing to our understanding of the physiological mechanism
of toxicalogy, At the level of the organism itself, the performance and
behaviour of tagged individuals, both caged and free-living, have been
investigated. Thus our understanding of the abundance and disiribution of
insect species has been greatly increased.

Isotopes and radiations are becoming increasingly important in ento-
mology, and the dissemination and exchange of information on their manifold
uses represent an important factor in the success of pest eradication
programmes throughout the world, The International Atomic Energy Agency
and the Food and Agriculture Organization of the United Nations jointly
convened a Symposium on the Use of Isotopes and Radiationh in Entomology,
which was held at the IAEA Headquarters in Vienna from 4 to 8 December
1967. This was the third Symposium to be held on this subject; the two
previous ones had taken place in Bombay in 1962 and in Athens in 1963.



The range of subjects was inevitably wide owing to the overlapping of
various fields of study. The papers are representative of present trends,
although only a few papers described applications of radicisotopes in
physiology or biochemistiry.

The heterogeneity of the information presented at the Sympositum was
then to be expected. It is by the iniegration of specialized information,
however, that a basis for significant scientific advances is provided, An
example of this process is in the suecessful development of eradication
procedures that involve the release of large numbers of insects previcusly
sterilized by radiation: this demands an understanding not only of the basic
biology and of radiation biology but also of the technology involved in mass
releases at optimal times and in optimal quantities,

The use of radiation in the sterile-insect release method is being applied
or considered by many Member States of the IAEA. The method is highly
sophisticated, It is neither easy nor a panacea, It ig successful only when
developed and supervised by competent seientists. The difficulties of
applying laboratory results in the field are obvious, especially since thehighly
selected lzboratory organism may differ considerably from the wild type
encountered in the field,

The present volume coniains the complete proceedings of the Symposium.
It is hoped that it will be a valuable gource of information to scientists and
will stimulate further research in the fascinating and rapidly growing subject
of radiation entomology.
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RADIOTRACER STUDY OF THE PREDATORS
ON Distantiella theobroma {DISTANT)
(HEMIPTERA: MIRIDAE)

H. MARCHART

COCOA RESEARCH INSTITUTE,
GHANA ACADEMY OF SCIENCES,
TAFO, GHANA

Abstract

RADIOTRAGER STUDY OF THE PREDATORS ON Distantiella theobroma (DISTANT)
(HEMIPTERA: MIRIDAE). The paper desctibes a method for labelling the cocoa capsid Distantiella
theobroma {(Distant) with P in sucrose solution, The label was excreted with a biclogical half-1ife of
six days. When taken up from a Iabelled natural substrate {cocoa pods) the 2P activity in the insect
attained an equilibrium value after nine days and was excreted with the same half-life. Labelled larvae
in the field were exposed to the natural predator poputation, which was sampled by pyrethrum knock-
down after 48 hours. None of the predators identified is specialized as a capsid predator. The broad
range of predatory species reflects the high species diversity within the tropical forest zone, which is
considered to be an important factor in integrated capsid control.

1, INTRODUCTION

Cocoa capsids (Miridae)are pesis of major economic importance and
a continual threat to West African cocoa production, In Ghana, Distantiella
theobroma (Distant) is the most important species. Chemical control of
this insect was achieved with lindane, but the problem of resistance to
this insecticide and the implications which arise from the continuous use
of broad spectrum pesticides necessitated an ecological approach which
could eventually lead to more selective methods of control., The present
study accordingly deals with the identification of the predators of
Distantiella.

A number of predatory insects associated with cocoa capsids was
listed by Squire [1], but evidence based on field observation was men-
tioned only for five species of spiders and three species of mantids, the
names of which were not given, Williams [2] observed the ants Pheidole
megacephala (F.}, one Camponotus gpecies, and Qecophylla longinoda (L. )
consuming mirid larvae. He cited indirect evidence that, on seedling
cocoa, ants, mantids and reduviids are of about equal importance for
natural control of the capsid, but he did rnict mention which species were
contributing. In a recent study, Gerard {3] confirmed predation by
Oecophylla longinoda and mentioned one species of Ascalaphidae which
feeds on Bistantiella in the laboratory.

Prey-predator interrelationships were evaluated with radiotracers
by Jenkins et al.[4, 5], Baldwin et al.[6] and James [7] for various species
of mosquitoes; Clark [8] detected predators of 3P-labelled pink boll
worm moths, The use of the technique for the quantitative determination
of herbivore consumption by predacious insects was demonstrated by
Crossley [9].
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2, EXPERIMENTAL
2.1. Material

Distantiella theobroma was lahoratory reared in small numbers by
Raw [10] and Prins [11], but an effective method for mass rearing has
not yet been developed. This is due to (a) the {fragile nature of the mirid,
which makes manipulation difficult, and (b} the fact that this sucking
insect is a highly destructive feeder requiring large quantities of fresh
cocoa tissue daily. Therefore, field-collected 4th and 5th ingtar larvae
were used, which, before labelling, were kept in the laboratory for
24 hours on fresh cocoa shoots at 24°C. There was a daily mortality rate
of about 15% of the bugs so treated.

2.2, Lal:;elling of larvae

For predator studies the prey should be labelled internally, since
some predators, notably spiders, will not consume the chitinous parts
of the prey.

Preliminary experiments showed that labelling from a natural diet,
e.g.. radioactive cocca shoots, was relatively inefficient, since only a
small fraction of the radiophosphorus applied was translocated into the
plant tissues on which the insects feed. Consequently, a technique simi-
lar to that used by Lewis and Waloff [12] on the mirid Orthotylus virescens
was adopted. The set-up shown in Fig. 1 was devised with the aim of
minimizing manipulation of the fragile insect.

The labelling medium was 32P, orthophosphate, with a specific ac~
tivity of 10-30 uCi/ml in 5% sucrose solution containing 0.1% potassium
dihydrogen phogphate as a carrier.

Each 'feeding bell' contained 1 ml solution on a 9-cm (Whatman No. 1}
filter paper digc for labelling 25 larvae, The method has the advantage
of avoiding the necessity of COg anaesthesia (which adversely affects
Distantiella larvae) for handling the labelled insecis, as they can con-
veniently be transferred by inverting the device go that they slide into
the transport container, The larvae were kept on the radioactive diet for
16 hours.

2,3. Labhelling of cocoa trees

To compare the insects' uptake of 32P from sugar solution with that
from a natural substrate, bugs were fed on labelled ciuroa trees.
Cornwell [13] demonstrated that a uniform distribution of 32P is difficult
to obtain by trunk implantation. Therefore, the bark infusion method was
used (Fig, 2), This resulted in a suificiently uniform distribution of ac-
tivity over the entire tree (5 year-old Amazon), but required a high
dosage {10-20 mCi per tree) because the uptake through bark was slow
and incomplete even after removal of the dead outer cortex layer.

2.4. Detiermination of P in capsids

To determine the biological half-life of 32P in Distantiella thecbroma,
the labelled bugs were wet-ashed and counted in a Geiger-Miiller liquid
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petridish FIG.1. Set-up for Labelling Distantiella larvae.
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FIG.2. Bark infiwion of ®P into cocoa tree (oross-section).

counter tube. For live counts a whole-body counting cell was used,
placed under an end-window counter (1.5 mg/cmz).

2.5, Release and sampling

Fifty 4th and 5th instar larvae were released on each tree onto a
clump of leaves pinned at the main fork. The bugs were allowed to dis-
perse for 48 hours.

Sampling of the entire insect fauna on mature cocoa was done by
saturating the canopy with an aqueous pyrethrum emulsion (0.1% active
ingredient}at a rate of 1 gal/tree by means of a motor-powered knapsack
mistblower. The insects knocked down were collected after 1 hour from
cotton sheets spread on the ground under the trees, and the radioactive
specimens were sorted out.

3. RESULTS AND DISCUSSION

3.1. Uptake and biological half-life of %P

Although the feeding conditions in the 'labelling bell' were: quite dif-
ferent from those in the field {Distantiella is a phloem feeder), 32 P was
readily taken up by the insect. The total radioactivity taken up within a
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period of 16 hours varied greatly among individuals, the coefficient of
variation being 35%.

Larvae that had absorbed 0,25 4Ci showed increased mortality when
compared with larvae kept on fresh cocoa shoois. It is, however, not
clear to what extent this was caused by radiation effect on the one hand
and the artificial diet on the other. At a concentration of 0.08 uCifinsect,
which was the average level chosen for the field experimenis, the mor-
tality was slightly but not significantly inereased over thet of unlabelled
insects.

To establish the period that the larvae would remain labelled, the
biological half-life was determined by counting samples from a batch of
labelled Iarvae at various intervals after tagging, From Fig.3, curve
(a), it can be seen that the radiephosphorus was excreted at a rate which
gave a half-life of 6.2 days. The scatter of the measurements reflects
the variation in the ¥ P uptake among individuzl larvae.

To determine how much of the activity of the labelled insects was
due to surface contamination, a batch of 10 larvae was kept on a radioactive
cocoa pod from a labelled tree and the uptake and exeretion of the label
measured by counting the live individual insects in the whole-body counter
cell,

The 32P level rose rapidly during the first five days of feeding and
thereafter levelled off as the excretion balanced the uptake (Fig, 3, curve {b)).
After nine days, the insects were transferred to a non-radicactive diet
and P was excreted with a half-life of 6 days. As this did not differ
significantly from the half-life mentioned above, it was concluded that
surface contamination was of minor importance with the standard labelling
procedure. The biclogical half-life of § days, combined with the physical
isotope half-life of 14.3 days, gives an effective half-life of 4.2 days, This
means that the label should remain detectable for about three weeks afier
tagging. In the field, however, dispersal of the insects was the factor
limiting duration of the experiments, not the persistence of the label,

Labelling cocoa capsids in the field on tagged trees was impractical
for predator studies because of interference by other phytophagous in-
sects {mealybugs, psyHids, leafhoppers} and the relatively low level of
activity acquired by the plant tissue.

3.2. Spectrum of predators

The larvae released in the field were exposed to all natural predators
present. These could be identified in the knock-down samples by means
of the radicactivity they had acquired by feeding on the labelled
Distantiella larvae,

The distribution of the radiophosphorus within the knock-down insect
fauna in 12 canopy replications in which a total of 3000 Distantiella larvae
had been released is shown in Table L.

The posegibility of & contribution from the third and higher links of the
food chains was neglected. This appeared justified on the basis of size
differences between the respective predators, the high ratio of the number
of labelled capsids to that of the radioactive predators recovered, and
the short time of interaction between prey and predators,
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FIG.8. ®P activity in Distaptiella theobroma
Cutve (a); excretion after up-take from sucrose Curve ¢{h}: Up-take and excretion from
solution on filter paper. labelled cocoa pods.

Some slightly active specimens, other than anis, were presumed
surface-contaminated through contact with the labelled larvae in the
knock-down samples and are not included.

The trophic position of the radicactive tettigonids {longhorn grass-
hoppers: Afrogryllacris africana (Brunner), Amyttina quadrimaculata
(Karny), Amyttina aliquantula {Karsch) is not known, but as these had
acquired distinctly less 32P than other species they were regarded as
scavengers. The same applies to the few radioactive specimens of blattids
and Diptera. The 32P activity of the ants was usually comparatively low,
gince the label was distributed over a large number of individuals through
food exchange within the colonies.

To distinguish predacious from scavenger ants, observations were
made in the field and only species found to attack live capsids on the cocoa
tree were classified as predators.

The following species of predators were tdentified:

¥ormicidae: Platythyrea conradti Emery
Oecophylla longinoda {Latreille}
Crematogaster depressa {Latreille)
Crematogaster africana (Mayr)
Camponotus 'harbarus’
Macromischoides aculeatus (Mayr)
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Reduviidae: Rhinocoris carmelita (Stal)
Bhinocoris albopilosus (Signoret)
Vestula lineaticeps {Signoret)
Rhinccoris obtusus (P. de Beauvois)
Endochus africanus Bergroth

Mantodea: Sphodromantis linecla {Burmeister)
Cataspilota misana (Giglio-Tos)
Panurgica compressicollis (Saussure)
Prohiercdula ornatipennis {Bolivar)
Tarachodes gerstaeckeri (Werner)

Arachnida: Viciria equestris Simon
Viciria ocellata (Thorell)
Hyllus holochalceus Simon
Telamonia sp. n.
Chiracanthium sp.

and nine more species, so far unnamed, including a salticid of a new
genus and two species which probably belong to Cispius and Apochinomma,

Platythyrea conradti, a large ponerine ant, ‘was hitherto not regarded
" as preying on capeids [3]. By tracing workers carrying labelled prey
with a field counter, the nests of this species were found in the dead wood
of half-rotten tree stumps, The colonies contained only up to one hundred
individuals., The workers are highly active solitary foragers, and sys-
tematically search the entire surface of the cocoa tree. This behaviour
might partly compensate for the low population as far as this species’
efficiency as a capsid predator is concerned, Since it is a ground nester,
this ant is partially protected from insecticides applied to the cocoa tree.

Oecophylla longinoda and the two Crematogaster species are arboreal
ants, widespread and occurring in large numbers. They are lmown to be
mutually exclusive species, Oecophylia is the more desirable predaior
from the viewpoint of the cocea grower, as it dees not attend Pseudococcus
njalensis, the most important vector of the Swollen Shoot virus. It i=,
however, rmore likely to be affected by spraying, as it nests in the cocoa
canopy, whereas Crematogaster mostly nests on high forest trees well
beyond the reach of the spray drift.

Macromischoides aculeatus and Camponotus'barbarus’ were occasional-
Iy observed attacking capsids on cocoz. They seemed to be of little im-
portance as capsid predators. '

The other Camponotus species were not observed preying and were
therefore considered solely as scavengers,

The reduviids listed, with the exception of Endochus africanus, were
collected by hand from young cocoa. In these plots a conilnuous canopy
had not yet formed, and the abundance of weeds supported a rich fauna
characteristic of the herb and shrub level. Endochus africanus was the
only radicactive reduviid obtained from forest cocoa.

Out of a total of 78 mantids, 15% were radicactive, This suggested
that mantids were the most active predators. Sphodromantis lineola
accounted for one third of the radiocactive specimens,

Of the spiders, 1.2% of the specimens had fed on capsids. Because
of their high population level they were regarded as important in capsid
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TABLE I. DISTRIBUTION OF 2P IN KNOCK-DOWN SAMPLES

Total number Number of
of radioactive
specimens specimens
Ants

Oecophylla longinoda 3410 2848
Camponotus barbarus 505 10
Camponotys spp. T963 6813
Macromischoides aculeatus 366 134
Cr‘e.matogaster africana 15 15
Crematogaster depressa 7716 634
Platythyrea conradti 33 18
Reduviids 2 1
Spiders 1263 15
Mantids 78 12
Tettigonids 461 13
Blattids 188 4
Diptera 523 2

control. Two thirds of the radioactive specimens belonged to the salti-
cids. As reiatively little is kdown about West African spiders, 9 species
could not be named. They were sent to the British Museum for
jidentification.

As regards the impact of predation on the population dynamics of the
cocoa capsid in the field, it became clear during the study that the ex-
perimental set-up, while being highly efficient for evaluation of the quali-
tative composition of the predator spectrum, was of lirnited value for a
quantitative interpretation. This was for the following reasons:

The recovery of 32P in the samples was of the order of 10% of the input
activity, including recovered labelled capsids. Thus it was clear that
the experiment was far from approximating a closed system. The
relatively high mortality of the larvae available for the experiments was
a complication masking the effect of predation. The release of
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50 Distantiella larvae on one tree represenied an artificial situation, as it
established a high local population density seldom occurring in the field.
As predation intensity often is a function of the population density of the
prey, this would lead to ar unrealistic estimate of the predator activity.
The labelled capsids for some time after release were not fully adjusted
to their habitat, With an insect which is characterized by its cryptic
behaviour, the resulting increased locomotory activity needed in search
of shelter and suitable feeding sites was bound to exaggerate the effect

of predation,

The relative importance of ants, mantids and reduviids was discussed
by Williams [2]. According to his estimates, these three taxa were about
equally efficient in capsid control. The results of the present study suggest
that the contribution from the reduviids is of minor significance at the
canopy level of mature trees. On young trees, where a high light intensity
on the ground favours a rich weed flora, reduvlids can be important.
Predation by spiders — which has been neglected so far — must be con-
sidered comparable to that of mantids. The relative importance of ant
predation was impossible o estimate because only the worker cagté
could be sampled, but an znknown part of the prey would end up outside
the sampling area in the nests in the ground in adjacent cocoa stands and
on high shade trees, There is no indication of any of the named species
being specialized or dependent on capsids, as all occurred in samples
from non-infested cocoa.

The large number of species involved in capsid predation reflects the
general phenomenon of high species diversity characteristic of the tropics,
particalarly the forest zone, This is of some practical significance for
the establishment of an integrated capsid control programme, since the
possibility of sericus interference of chemical control with natural control
by predation will be reduced by a high species diversity among the
predators.
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AFPENDIX

COCOA RESEARCH IN GHANA: THE ROLE
OF RADIOISOTOPES IN THE STUDY OF INSECT PESTS

Cocoa farming is the most important single facior in Ghana's econo-
my, and this is reflected by the fact that cocoa accounts for one half to
two thirds of Ghana's export earnings, Ghana is the world's largest cocoa
producer, and there are approximately 4.5 million acres (1.8 million
hectares) under cocoa, yielding over 400000 tons of raw cocoa annually
and averaging 38% of the world's production.

The cocoa farmer faces two major threats from insect pests: capsids
{Miridae} and mealybugs (Coceidae). Both affect the tree rather than the
crop: capsids destroy the phioem tissue, causing die-back of the iree,
whereas the mealybugs spread the Swollen Shoot disease, a virus infec-
tion which usually results in the death of the cocoa tree. These two pésts
have been devastating vast areas of the richest cocoa regions, the capsids
alone causing losses estimaied at 20-30% of the national yield. In addition,
various minor lepidopterous pests, pentatomids, psyllids, thrips and
leafhoppers cause further losses. The study of insect pests within the
ecosystem of the cocoa farm has therefore been, and still is, a major
concern of cocoa research, and radioisotopes are considered an invalu-
able tool for this work,

Early work by Cornwell was concentrated on the species Pseudococcus
njalensis Laing, the dominant vector of the Swollen Shoot virus. Uptake
and translocation of 32P was studied in the laboratory and in the field on
seedlings and mature Theobroma cacac. Techniques of labelling with
32P by trunk implantation, root immersion and soil application were
cormpared [1].

The practice of controlling Swollen Shoot by cutting cut infected trees
has to take info account the dispersal pattern of virus-carrying mealybug
larvae, Disperssal studies with ¥P-labelled Pseudococcus njalensis
showed that under Ghana farm conditions larvae can migrate to adjacent
trees via contacting branches [2], and better control can therefore be
achieved by cutting out apparently healthy trees which are in contact with
the dizeased trees [3].

In another study, Cornwell [4] worked on the dispersal of labelled
mealybugs on the ground, showing that movement from heaps of virus-
infected timber to nearby healthy stands constitutes no serious risk of
spreading the infestation.

It was alsoc demonstrated that Pseudococcus njalensis is attended by
ants of the genus Pheidole [4] and by Crematogaster striatula Emery [1].
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The latter species accumulated 3P to a greater extent than its host.
Ant-mealybug relationships proved fo be of some practical significance

in so far as adult mealybugs can be carried to, and established on, adjacent
trees by attending ants.

Roivainen [5] worked on some aspects of food exchange in ant colonies
of the species Crematogaster striatula with the aim of investigating the
possibility of chemical ant control by means of insecticide baits. He
demonsirated that 3%P applied in a honey bait solution is distributed into
all developmental stages of the colonies within four weeks, pupae and
young workers being the last stages to acquire the label.

The same author also carried out studies on the feeding behaviour
of Pseudococcus njalensis on cocea seedlings, with the object of obtaining
information on virus transmission by thissucking insect. He was able
to show that the labelling of virus-infected seedlings with 32P is an ef-
fective method of assessing the extent to which mealybugs that have fed
on infected plants are infective. Feeding was shown to be a function of
temperature.

32 p_labelled Distantiella thecbroma (Distant), the black cocoa capsid,
was used for testing sampling techniques in ecological studies. It was
shown that the pyrethrum knockdown technique used at the Cocoa Research
Institute for sampling the canopy population of cocoz capsids gives a
recovery of approximately 85% of the large larvae and above 90% of the
adult insects [G].

The absolute population density of cocoa capsids in infested farms
had been estimated hitherto by means of hand collection. This method
is liable to be quite inaccurate. By release and recapture of labelled
larvae the author found that previous estimates of the maximum level of
infestation were low by a factor of at least two [7]. On the basis of these
tracer experiments, the sampling procedure has been modified to give a
more reliable index of the level of infestation.

To acquire information on the factors involved in natural control of
cocoa capsids, a study of the capsid predators amoeng the cocoa entomo-
fauna was carried out. Methods of labelling Distantiella theobroma with
32P were evolved, and by release of tagged larvae in the field it was
possible to identify more than twenty species of ants, mantids, spiders
and reduviids as capsid predators [8, 9]. Leston {10] studied predation
on labelled Distantiella by Oecophylla longinoda and decided that this ant
is an important predator. In a colony he found the higheést activity as-
sociated with the female alates; males contained five times less, and
large workers forty times less, 32P than the queens. Small workers had
acquired little or no activity.

A study of the dispersal of Distantiella reared on 5 P-labelled trees
under field conditions gave some information on the flight ability of the
insect, but, because of the low recovery of radicactive adults, this was
not conclusive [11].

131Cs was effective as a tracer for the sap stream in the cocoa tree
during feeding experiments. The very short biological half-life of this
isotope in the cocoa capsid (4 hours) suggests that it could be applied for
differentiation of short-term from long-term migration by using the tracer
as a clock to mark the time of departure from the point of release in
dispersal studies [11].
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Further work along the following lines would be promising:

Bathycoelia thalassina {Herrich-Schaeffer), a pentatomid which can
cause heavy losses to the crop by inhibiting bean development [12], should
be the object of dispersal studies. The release-recapture technigue will
be useful in evaluating sampling methods necessary to determine the popu-~
lation level in infested farms. BSuch investigations are of the utmost
value, since crop damage is virtually invisible in the field and mani-
fests itself only at the pod breaking stage.

The roie of ants within the ecosystem of the cocoa farm has been
the object of a number of studies in the past, but it is not yet understood
in quantitative terms. Large-scale experimentis on food chains should
give valvable information with regard to the agricultural importance of the
species Qecophylla longinoda (Latreille), Crematogaster africana {(Mayr)
and depressa {Latreille), and Platythyrea conradti Emery as predators on
the cocoa capsids Distantiella theobroma and Sahlbergella singularis
{(Haglund).

The study of food chains will increase understanding of insecticide
side effects in heavily sprayed plantations that resuit in outbreaks of
lepidepterous pests [13] such as the cocoa trunk borer {(Eulophonotus
myrmeleon Fldr.) and the pod husk miner (Marmara ssp.}. This work
could be incorporated in the large-scale 32P superphosphate experiments
being planned by the Cocoa Research Institute in co-operation with the
IAEA., The wide species diversity in a tropical environment presents
problems which can be seolved only by a long-term approach.

The use of labelied baits will provide information on the foraging
range of ants, which is needed for predacious species and especially for
those attending the vector of the Swollen Shoot virus.

Relatively little is known about pollination of the cocoa flower. The
disiance over which cross pollination by the ceratopogonid midges
Forcipomyia ashantii {Ingram and Macfie), Forcipomyia ingrami{Carter)
and Lasiohelea litoraurea (Ingram and Macfie) takes place is an important
factor in plantations of self-sterile clones, where compatible pollinator
trees have to be provided. Experiments with radicactively labelled pollen
have been suggested to clarify this question,

The study of plant~insect relationships by means of radiotracers could
vield information on the physiclogical aspecis of hopper burn, which is
caused by Empoasca species on young cocoa [14]. Experiments on the
feeding behaviour of Planococcus citri (Risse) in comparison with that of
Pseudococcus njalensis would be desirable to obtain information on the
relative frequency of virus transmission by these two species.

Generally speaking, with insect problems the importance of the multi~
factor appreach, i.e. of an integrated view, is now appreciated to a
greater extent. Concomitantly with this trend of viewing the pest problem
against the background of the cocoa ecosystem, a vast number of questions
will arise which can be answered only through radioisotope studies, Al-
though it will be some time before the mulii-factor system of this tropical
environment can be undersiood in quantitative terms, many problems
hitherto inaccessible to experimentation can be tackled by means of tracer
techniques.

This brief review of the scope of radioisotopes in the study of cocoa
insect problems is presented to demonsirate how much tracer methods
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can contribute to progress in agricultural research, which is of vital
importance for a developing country like Ghana.
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DISCUSSION

W.J. KLOFT: You mention that Distantiella is & phloem feeder.

We know that some phloem-feeding insects, such as aphids, mealybugs
and others, secrete honeydew. We have also occasionally found honey-
dew secretion in a Heteropter, the sugar-beet feeding species Piesma
quadratum (Tiupidae)., Radioactive honeydew secretion, if it occurs,
could be a possible source of error in your experiments, as it would be
taken up by the ants. I know that you regarded as predators only those
ants which were observed directly attacking the capsids, but I should
nevertheless be very interested to learn if any honeydew gecretion occurs.

H. MARCHART: Distantiella thecbroma does not secrete honeydew,
I agree, however, that with other ingects such as Pseudococcus njalensis,
for example, transfer of the label by honeydew secretion could interfere
with predator-prey experiments. The trophic position of ants is some-
times difficult to ascertain and has to be established by observation.

D. LINDQUIST: You released 50 labelled insects per tree; could
you give an estimate of the 'normal’ population per tree? Also, what
percentage of the labelled insects released was destroyed by predators
during the 48-hour test period?

H, MARCHART: Distantiella occurs only in small numbers; because
of this it is always difficult to obtain statistically significant sample sizes
in studies of binomics and related problems. A number as low as
100 insects facre can cause appreciable damage, and 4-5 insects/tree
would be a fairly high natural population density, The percentage of
capsids killed by predators in my experiment was about 2% in 48 hours.
This would indicate that predators are an important factor in capsid
mortality; however, for the reasons mentioned in the paper, predation
intensity in my experiments was probably higher than under natural
conditions.
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W.J. LE QUESNE: [ understand that artificial feeding is often
difficult in the case of Homopiera. I have seen a recent paper suggest-
_ing the technique of using a membrane with the fluid under slight pressure.
Would you care to comment mere on your technique?

H. MARCHART: The difficulty you mention was anticipated, but it
turned out that the cocoa capsid feeds on a solution applied to filter paper
to an extent sufficient to obtain labelled insects of any desired level of
radioactivity. I have also fed them through Parafilm ® membranes to
determine the amount of liquid diet taken up per day.

E.M. SHUMAKOYV: Have radioisotopes been used in Ghana to study
the pollination of the cocoa tree by Meleidae?

H. MARCHART: Not yet, but such an investigation is planned for
the future.
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Abstract — Résumé

ETUDE, AU MOYEN DE L'OR RADIOACTIF Ay, DU RAYON D'ACTION DE COLONIES DE
BOURDONS {Bombus sp.) EM VUE DE LA POLLINISATION DES PLANTES CULTIVEES. 11 est généralement
trés facile de procéder au marquage d'nne colonie au moyen d'un radioisotope en profitent des incessants
€changes de nourtiture entre les individus. Les bourdons, bien que vivant en colonie, ne peocident pas 3
des échanges directs. Cependant, il a pi &uwe mis en &vidence qu'il existait de continuels transferrs par
I"iptermédiaire des cellules 3 miel (trophaliaxie secondairey, Dans ces conditions le marquage d'une celonie
de bourdons est aussi facile a r€aliser que celui d'une ruche d'abeilles. L'or-198 a & urilisé avec succds
pour réaliser ces essais qui ont permis d'obtenir des renseignements irnportants et inédits sur le com portement
des butinenses des colonies de bourdons placées 3 proximiié des champs.de l€gumineuses en vue de favoriser
la production de- graines. L'accoutnmance ¥ un nouveau site, la fixation sur une espéce végétale, le rayon
d"action, le détemminisme des lignes de vol et des secteurs de butinage ont pu ainsi ére Erudiés,

USE OF RADIOACTIVE GOLD, ™Ay, TO STUDY THE RADIUS OF ACTION OF COLONIES OF
BUMBLE-BEES (Bombus sp.) WITH A VIEW TO POLLINATION OF CULTIVATED PLANTS. It is generally
very easy to label a colony with a radioisotape, taking advantage of the constant exchange of food between
individuals, Bumble-bees, although living in a colony, do not engage in direct exchange, but it hag been
shown that continual transfer takes place through the honey cells (secondary trophallaxia), In these conditions
a bumble-bee colony can be labelled as easily as a hive of bees, Gold-198 was successfully used for the
tests, which enabled us to obtain important and unpublished information on the behaviour of workers in
bumble-bee colonies sitnated close 10 fields of leguminous crops, with & view to enhancing grain production,
Questions that have been investigated by this method inelude the time required 1o become familiarized to a
new site, fixation on a particular species of plant, the radius of action and the detenminate character of
the flight paths and the honey-gathering sectors.

1. INTRODUCTION

Depuis gquelques années les bourdens font 1! objet de nombreuses
recherches en vue de leur utilisation pour assurer la pollinisation de
certaines plantes cultivées, en particulier des Légumineuses, Cependant,
nous manquons souvent d! informations de base sur la biologie de ces in-
sectes, ce gui ne facilite pas leur utilisation 4 1' échelle agronomique.

On peut constater, par exemple, la rareté des données concernant
le comportement de butinage qui, pourtant, seraient essentielles.

Pour tenter de commencer i combler cette lacune nous avons entrepris
une étude du rayon d'action et des particularités du butinage en effectuant

17
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un marquage des butineuses au moyen des radicisotopes en nous inspirant

de travaux analogues effectués sur 1'abeille domestique par plusieurs
auteurs [1, 2}.

2. METHODES DE TRAVAIL

2.1. Le marguage

Pour différentes raisons déja soulignées lors des travaux portant
sur 1'abeille, nous avons voulu utiliser 11 or radioactif, 1% Au, qui, par
sa période suffisante pour travailler efficacement mais assez courte pour
ne pas coniaminer le milieu, continue de nous apparaiire comme un
traceur irés approprié i nos recherches.

Rappelons que 198Au est un &lément de 2,7 j de période émettant entre
autres un rayonnement gamma de 0,411 MeV,

Cet é1ément peut &tre livré sous forme de solution colloidale facile-
ment absorbée par les abeilles ou les bourdons, mélangée avec une solution
de sucre ou de miel.

De méme qu'en ce qui concerne les abeilles, nous avons estimé
qu'une activité moyenne par insecte d'environ 1 uCi permettait une dé-
tection facile et limitait 1' irradiation des bourdons, L!activité totale
de la colonie de hourdons était ainsi au maximum de 2 & 3 mCi dans le
cas de colonies d'importance normale.

Un probléme se posait cependant, a priori, en ce qui concerne la
distribution du radioélément traceur. La question est facilement résolue
chez 1'abeille domestique, les fourmis, les guépes et les termites, gréce
4 la particularité présentée par ces insectes d! échanger continuellement
entre eux de la nourriture, Il suifit dans ces conditions que quelques
individus reg¢oivent le traceur pour que l'ensemble de la colonie soit
marquée au bout dfun laps de temps trés court, et ceci de manidre relative-
ment uniforme. Cette particularité a d'ailleurs facilité un grand nombre
de travaux sur la sociclogie des insectes.

Mais chez les bourdons, qui sont pouriant des insectes sociaux, ce
phénoméne de transfert de nourriture, généralement connu sous le nom
de trophallaxie, semblait ne pas exister.

Il est en effet impossible de ¢onsiater 1'existence d'échanges directs
entre individus appartenant 4 la méme colonie, Pourtant il a &té possible
de démontrer [3] 1'existence d'une trophallaxie indirecte d'un type
nouveau. _

Une seule ouvriére d'une colonie de Bombus hypnorum composée
d'environ soixante individus recut 8 !'aide d'une pipelte une dizaine de
millimétres cubes de miel contenant quelques microcuries de 19%Au, Cette
ouvriére fut reldchée et il fut possible de constater que la nourriture
ingérée par un seul individu se diluait avec une trés grande rapidité dans
la population. Cinguante et un pour cent des bourdons présentaient des
traces aisément décelables de radioactivité 6 h seulement aprés le retour
de 1* guvriére,

Différentes observations nous ont ensuite montré qu'il existait bien
une trophallaxie indirecte du fait de 1' habitude des bourdons de venir &
leur retour dégurgiter de la nourriture dans des «pots a miel» qui servent
A 1'alimentation de 1T ensemble de la population, Cette particularité permet
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done dtopérer le marquage par radicélément d'une colonie de bourdons
avec autant de facilité que dans le cas des zutres insectes sociaux.

Deux techniques peuvent &tre envisagées: la premidre consiste i
donner la nourriture contenant le traceur 3 une ou plusieurs ouvriéres
au moyen dfune pipette ou i 1'aide d'un «nourrisseur extérieur®, clest-i-
dire d'un petit récipient placé aux environs immeédiats de la colonie,

La seconde consiste & introduire dans la colonie un récipient contenant
la nourriture marquée. Ce récipient joue le réle de pot 4 miel et sert &
1 zalimentation d'un grand nombre d'individus. La premiére technique
permet de mieux contréler les quantités de nourriture ingérées, done les
doses regues par les insectes; la seconde permet d!effectuer plus rapide-
ment ur marquage plus global. D!autre part, dans ce dernier cas, le pot
4 miel artificiel restant en place est continuellement visité et, bien que son
activité par unité de volume décroisse en fonction de la période du radio-
élément, cet appoert permet de compenser les effets de la péricde biologique
chez les insectes et d'effectuer la détection dans de meilleures conditions
les deuxiéme et troisiédme jours de 1'expérience.

2.2. La détection

De mé&me gue dans nes travaux ani€rieurs sur les abeilles domestiques,
il nous a semblé plus efficace de capturer tous les individus rencontrés
dans la zone étudiée avec un filet 4 insecte afin de mesurer & leisir leur
radicactivité a 1? aide d'un détecteur portatif, ceci étant lié & notre pré-
occupation d'utiliser les doses les plus minimes compatibles avec notre
expérimentation.

L.e détecteur utilisé &tait un détecteur portatif 3 scintillation (SPP2).
La détection &tait assurée sur le terrain par deux équipes de deux per-
sonnes, 1'une capturant les bourdons avec le filet, I'autre pratiquant leur
examen au moyen du scintillateur,

3. RESULTATS

Les expérimentations effectuées en 1966 et 1967 ne peuvent encore
&tre considérées que comme des mises au point de la méthode; pourtant
elles nous ont déja apporté des renseignements intéressants que nous allons
considérer sans rentrer dans le détail des observations.

Nous avons ainsi pu constater que les bourdons, de méme d!ailleurs
que les abeilles domestiques, agrandissent graduellement leur rayon dfaction
aprés déplacement de la colonie dans un tefritoire inconnu. Les butineuses
ntont guére tendance i s!'écarier beaucoup durant le premier jour et nous
n'en voulons pour preuve que les proportions d!individus margués récoltés
dans une population de butineuses dans un rayon d! environ deux cents
métres autour de la colonie,

Le 15 juin 1966, jour d'arrivée de la colonie sur le terrain d'ex-
périence, nous avons capiuré six ouvridres marquées sur un total de 168,
tandis que le lendemain nous n'en trouvions que une sur un total de 140.

Le 22 juin 1967, jour d'arrivée de la colonie, nous capturions six individus
marqués sur un total de 75; le lendemain nous n'en trouvions gue un sur
un total de 141. Pourtant des contrdleg nous ont montré que, dans les deux
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cas, plus de 95% des butineuses étaient marquées durant toute la durée
de 1'expérience et qu'elles pouvaient &tre facilement reconnues,

Un deuxidme renseignement est celui relatif & 1' effet du mierorelief,
Plug encore gue pour 1'abeille domestique les obstacles placés & proximité
immédiate de la ruchette contenant la colonie nous sembhient jouer un rdie
sur la direction choisie par la majorité des butineuses, Ces deux données
ont pu &tre vérifiées aussi bien en ce qui concerne Bombus terresiris
que B, Lapidarius.

‘On z pu également faire quelques observations sur les préférences
alimentaires des colonies, la conjonction des deux derniers facteurs
entrafnant une trés grande hétérogénéité de la distribution des ouvriéres
de la mé&me colonie dans 1'espace environnant.

4, CONCLUSION

La méthode de marquage par radioélément semble donc parfaite-
ment applicable & 1'&tude du butinage des bourdons. La méthode présente
d!incontestables avantages par rapport i celle qui consisterait & utiliser
des marques colorées, car elle est bien moins longue 4 mettre en ceuvre
et ne perturbe pas la colonie. Il semble d'ailleurs particuliérement
avantageux de travailler en méme temps sur plusieurs colonies d'espéces
différentes, ce qui augmente le nombre des reprises et des données utiles
pour 11 interprétation, sans supplément de travail.

Les premiers résultats obienus sont encourageants. Ils semblent
monatrer un grand parallélisme entre ce que nous savons du butinage de
1rabeille domestique et celui des bourdons. Pourtant, les précisions que
1'on pourra obtenir seront précieuses en vue de 1'utilisation de ces
insectes pour assurer la pollinisation de certaines plantes cultivées.

11 serait souhaitable que ces &tudes soient poursuivies sur un grand
nombre dtespéces et dans des biotopes différents; malheureusement, la
seule autre tentative effectuée i notre connaissance dans ce sens s'est
soldée par un échee, les auteurs {4] n'ayant pu retrouver les bourdons
marqués,
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DISCUSSION

H. MARCHART (Chairman): Of all flowers pollinated by insects in
your plots, what percentage would you estimate as pollinated by bumble
bees ?

J. LECOMTE: This varies greatly depending on the crop involved
and a number of other factors, mainty climatic, For example, in France
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about 100% of red clover pollination (Tetrapleid varieties) takes place via
bumble bees.

E. HORBER: Have you contemplated, or indeed tried, labelling
pollen?

J. LECOMTE: A method has been developed which consists of growing
lucerne in a nutrient solution containing 32P. The pollen becomes labelled,
and can be detected in neighbouring flowers by autoradiography, The range
of dispersal of the pollen seems to be very short, less than 1 metre,

C.A. PELERENTS: How many insects were there in your bumbie
hee colonies, and were they reared as colonies or assembled from
individuals?

J., LECOMTE: The colony size ranged from 150 to 300. They were
produced by rearing from a single queen,

M. COHEN: The labelled honey was in the colony for a perieod of time,
ang therefore the larvae were both fed on it and exposed to the radiation.
Was there any effect on the larvae, and was the number of adults that
emerged from them normal?

J. LECOMTE: I made no special study of the effect of radiation on
the larvae, but develcpment of the colonies seemed normal.

G. LE MASNE: To what extent was dispersal of the bumble bees
modified by transport of the colony from the laboratory to the experimental
area?

J. LECOMTE: Honey-gathering activity was modified by transport,
and in particular the range of action was reduced during the reorientation
period. This interests us, because it would be advantageocus to reduce
the range of the workers and thus improve pollination. However, we are
also performing experiments with colonies which have not been transported.
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Abstract

RADIOISOTOPES IN THE INVESTIGATION OF INTERRELATIONSHIPS BETWEEN APHIDS AND
HOST-PLANTS. Activities of the aphid on the host-plant, such as probing, starting of feeding and salivation,
can be observed by labelling either host-plant or insect with a radioactive isotope. The cousse of plant sap
uptake, assimilation into the organism, haemolymph circulation, and incorporation info different tissues,
especially salivaty glands and embryes, were investigated with this method. Artificial feeding of aphids
through membranes enabled isotope studies to be performed indeperdently of the host-plant. Studies of ex-
cretion via honeydew, saliva and new-bom larvae were also carried out. Detailed results are presented on
the processes of saliva injection and transport in the plant tissue, which are important from the poin of view
of phytopathology and vires transmission,

1. INTRODUCTION

Homoptera as plant-sucking insects feed in different tissues of their
host-plants, According to Kunkel [1], two main types are distinguished
with regard to their physiology of nutrition. The first type takes its food
out of conducting tissues and was formerly called 'Phloemsauger' or
1Xylemsauger'[2); Kunkel introduced the more general term tsystembi-
bitor!. The second type feeds in non-conducting tissues and is called
'Parenchymsauger'. For Sternorrhyncha the term 'localbibitor! is pro-
posed [1].

For a long time the physiology of nutrition and various aspects of
insect-host-plant relationships were investigated by means of radioiso-
topes. This was done mainly with phloemfeeders, especially aphids of
the family Aphididae. The Aphididae are most important as plant pests
and virus vectors, and such experimental work could elucidate more de-
tails of nutritional physiology in other aphid families. Similar experiments
were started with Chaetophoridae [3] and 'localbibitors' of different aphid
families [4l. This work continues in spite of experimental difficulties.

2. UFPTAKE OF FOOD

Isotopically labelled natural or artificial food can be followed during
the course of ingestion and digestion by aphids by measuring their radio-
activity. A particular advantage of this method is that the uptake of
radicactive substances through the stinging and sucking mouth parts mini-
mizes overall contamination [5], since only these parts come into contact

23
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with the labelled material, Radioactive phosphorous was the preferred
isotope, because phosphate is abundant in all tissues, well iranslocated
in sieve-tubes, and plays an important role in the metabolism. Most of
our experiments were done with aphids sucking on herbacepus plants,

To find their food, aphids must recognize their host-plants and within
these the sieve-tubes, Before pentrating deeper areas of the piant tissue,
aphids pierce the epidermis and one or two ceil layers beyond, a be-
haviour which is called probing-puncturing. Neither measurement nor
the sensitive autoradiographic techniques detected radioactivity inside
aphids after such probing [6-8]. Measurements showed that the insects
take up food only after stinging when they reach the phloem, The activity
then suddenly increases. Aphid activity measurements and histological
examinations of stylets and saliva sheaths in plant tissues demonstrated
the following three points:

(1) Measurement of the activity of individual aphids showed that the
shortest period required to reach a sieve-tube was about seven to ten
minutes [6, 9, 10].

{2) Group activity measurement showed that only about 10% needed this
minimum time. The speed of tissue penetration up to the depth of the
sieve-tubes varied from 5 to 30 minutes for single aphids [4, 10, 11].

(3) A certain percentage of aphids fatled to reach a sieve~tube, a pheno-
menon which depends on the anatomical data of a plant species and its
different parts [6,7,8, 10]. The failure to puncture a sieve-tube was
called 'Fehlstich'. For instance, out of a group of Megoura viciae sucking
on the stem of Vicia faba only 61% reach the phloem in one hour and all
aphids after 5 hours [7]. A more detailed analysis ineluding the influence
of temperature on these complex problems is in progress [4].

Another problem is the recoganition of suitable host-plants by aphids.
Several mechanisms seem to be involved, for example the gustatory dis-
crimination by the epipharyngeal organ [7]. This was shown by the fact
that M. viciae [8] and Aphis sambuci [11] take up radioactivity out of
Allium schoenoprasum and other non-host-plants at rates corresponding
with initial uptake in suitable host-plants. After this initial probe aphids
try to leave the non-host-plant. After punciuring the sieve-tube, the
aphids registered a rapid increase of radioactivity. During the first three
to five hours', uptake (measured as eounts /min) was linear with time,
later on it became exponential, After about 24 hours the activity did not
increase, even when feeding contimied. A phosphate saturation had ap-
parently been reached. Uptake and excretion seemed to be equal [, 7].

A similar uptake was found for the aestivating larvae of Chaetophoria
xanthomelas Koch an maple leaves, The latter result, demonstrated with
tracer methods, was contrary to the prevailing knowledge that these larvae
were not inactive but ingested food [3].

Ingestion of artificial diets was investigated by means of 2P, 1311 gnd
8Rb with Aphis fabae [12-14]. This method provided a known diet by
separating these parasitic insecis from their natural hest-organism with
its undefired food supply. Furthermore, it was possible to iniroduce into
aphids all water soluble substances which were not translocated in plants.
One application of this method is the following: it was striking that aphids
could be reared over 11 generations on a totally synthetic diet containing
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no sterols. After addition of sodium- 14C-acetate to the diet, labelled
cholestérol could be detected in normal aphids with symbiotes, but not

in aphids free of symbictes [15], Following the method introduced by
Mittler, we used the so-called sachets: a nutrient solution is enclosed
between two stretched membranes of Parafilm ® and evaporatiocn and
contamination are thus prevented. The influence of ecological factors such
as temperature, air humidity, light and day period on the food uptake of
Aphis fabae was investigated [16].

3. ASSIMILATION AND DISTRIBUTION IN M. viciae

The first detection of radicactivity in the haemolymph of M. viciae
occurred 30 minutes after the beginning of food uptake, The 2P level
increased linearly up fo 10 hours. An analysis of the phosphate fraction
primarily showed a high level of inorganic phosphate. After transfer of
aphids to non-radioactive plants, the organic part (ATP, ADP, G-1-P,
G-6-P, F-6-P, F-1, 6-P)! increased [7}. Due to the rapid passage of
the tfacer into the haemolymph, the different tissues and organs of the
aphids quickly became radioactive. Thus the embryos of artificially fed
A. fabae had a high activity only one hour after ingestion began [17]. The
tracer was incorporated into almost fully developed embryos, e.g.

M. wviciae fed on labelled V. faba: the first radioactive larvae appeared
six hours after feeding. The uptake of the tracer into the salivary glands
was of special interest with regard to salivation and is described in a
separate seciion., Radiciodine seemed to have special affinity for the
cuticle {14].

4. EXCRETION AND SALIVATION

Elimination of radioisotopes by the aphid is possible through saliva-
tion, production of larvae, moulting, and excretion of honeydew. The
biological half-life is determined by the course and velocity of all these
processes, and varies from about 30 to 50 hours depending on the stage
[5]. These data indicated an extremely high metabolism compared with
resulis for terresirial Heteroptera, which showed half-lives of between
6 and 40 days [18].

The first radioactivity in the honeydew of aphids sucking on labelled
plants appeared not earlier than 2.5 hours after the start of uptake [35].
The activity of the honeydew reached a maximum value after about
20 hours, reflecting a time lapse of 20 to 24 hours needed to reach maxi-
mum activity. The count rate of honeydew produced by M. viciae on
V. faba amounted to about 3% and 1% per droplet of the aphids activity
after 4 and 24 hours, respectively. The corresponding data for aesti-

! ATP = adencsine-tri-phosphate
ADP = adenosine~di-phosphate
G-1-P = giucose-1-phosphate
G-6-P = glucose-6-phosphate
F-6-P = fructose-§-phosphate
F-1, 6-P = fructeose- 1, §-phosphate
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vating larvae of Chaeiophoria xanthomelas were about 70 to 25%, suggesting
that these larvae assimilate less phosphate than other phloem-sucking
aphids which develop without diapause [3].

Aphid saliva is important in the transmission of circulative plant
viruses because it might provide a mechanism for the introduction of the
virus into the sieve-tubes, According to studies by Kloft and Kunkel [10]
on Myzus ascalonicus and by Ehrhardt [7] on M. viciae, 2P was first
excreted in the saliva five hours after the start of feeding. The insects
were iransferredtoa non-radioactive test plant after a relatively short
feeding time, and the very low activities in the injected saliva were checked
by autoradiography. These experiments might serve as a model for de-
termining circulation times of certain plant viruses.

Phosphorus-32 is secreted along with saliva only during piercing and
retraction, as was found in experiments with M. ascalonicus [2]. The in-
jected activity did not depend on the duration of feeding; however, 88 Rb
was secreted continuously by A. fabae feeding on 'V, faba leaves [13]. This
phenomenon was brought about by the fluid phase of saliva secretion [19].
Through salivation, 1.42%. /hour of the original activity of the aphid was
transferredinto the leaf, If it was assumed that the radioactivity was uni-
form throughout an aphid weighing 0.5 mg, the resulis indicated that
saliva was injected into the plant at a rate of about 0.7 ug/hour. This is
eqguivalent to 0.7X 10" pl/hour. An average value of about 3.7X 107% 41
was found, suggesting that the additional fluid saliva was probably injected
more or less contimuously during feeding [13], Labelling of aphid saliva
was possible by application of 131 via the plant or an artificial diet [14].
Other types of plant-sucking arthropods such as thrips [20] and spider
mites [21] also injected saliva during feeding, as was demonstrated by
the use of ¥P,

5. DISTRIBUTION AND EFFECTS OF SALIVA

With autoradiographic methods it was shown that 32P-labelled saliva
injected by M. ascalonicus was distributed in Viola tricolor leaves. The
spreading of saliva depended on the duration of sucking time and mainly
followed the veins [2). The presence of radicactive material in leaf
veins adjacent to feeding punctures made by 86 3b-labelled A. fabae was
demonstrated [13] (Fig, 1). T

Aphid feeding directly affected the physiological processes of the
host-plant, i.e. photosynthesis, respiration and transpiration. Saliva
seemed to be the most influential factor here [9]. A plant labelled with
tritiated water [28] showed changed transpiration after being pierced by
an aphid. The phosphate metabolism of plant parts influenced by the
saliva of sucking insects was investigated with tracer methods. Uptake
of 32P in damaged areas of Picea needles caused by the sirongly
phytotoxic saliva of the aphid, Elatobium abietinum, was less than that in
healthy parts [22]. The distribution of 3P in a leaf with a pouch gall of
Tetraneura ulmi differed from that in a normal leaf of the same shoot.
The gall itself had a gradient, with a high level of radiocactivity around the
laceration. It was concluded that the accumulation or exchange of phos-
phate varied with the phytotoxaemia induced by the saliva of aphids. If
the parasite influenced a differentiated tissue, the exchange of phosphate
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(a) (b)

(c)

FIG. 1. An autoradiographic presentation of Vicia faba leaves showing the distribution of radioactivity
injected by Aphis fabae Scop. which had ingested %®Rb: (a) after 10 min (b) after 1 h, and (c) after 24 h
of feeding.

FIG. 2. Schematic summary of radioisotope methods used:

(a) Aphids (white), transferred to a radioactive plant (black), ingest the radioactive food and become
radioactive (black).

(b) Feeding aphids with an artificial diet: the radioactivelylabelled diet (black) is enclosed between two
membranes of Parafilm ® , which are stretched over a glass ring to form an aphid cage.

(c) Labelled aphid (black) is transferred to a non-radioactive plant (white).

(d) Radioactive aphid injects labelled saliva which disperses in the leaf (dotted area) primarily along

the veins.
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decreased. However, the exchange increased with earlier and stronger
attacks on normally differentiated plant tissues [24, 25].

6. CONCLUSIONS

Radioiscotopes have proved to be useful tools for studying various
aspects of the aphid's behaviour, its ecology, nutritional physioclogy and
relationship with its host-planis. They are alsc valuable in investigations
of phytopathological problems and the problem of virus transmission by
aphids, Figure ? summarizes schematically some of the radioisotope
methods used,
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DISCUSSION

R. CAVALLOROQ: Were the Aphididae colonies you studied of mixed
composition, containing certain proportions of sexual forms, wingless
parthenogenetic females and pupae, or did they consist solely of insects
at one stage of development? This seems to me impertant since, from
a radioisotope sfudy on trophic relationships between Myzus persicae
Sulzer and the host plant Nicotiana tabacum Samsun which I have been
conducting since 1861, I have found that the feeding behaviour of the
insect varies depending on what stage it is in,
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I should alse welcome details of the artificial nutritive medium you
used, in particular on its pH and its effect on endosymbionts of the aphids,

Finally, I should like to cormment on 131 distribution in insects. My
work at the Euratom research centre at Ispra has shown that this isciope
concentrates in considerable quantities in the cuticle, as well as in the
fat bodies. These studies covered a large number of species, including
the Orthoptera Conocephalidae, Cryllidae and Gryllotzlpidae, the
Lepidoptera Noctuidae, Thaumetopoeidae, Saturniidae, Lasiocampidae,
Papiliomidae and Pieridae and the Hymenoptera Argidae.

W.J. KLOFT: Our normal basis for any comparison is the behaviour,
food uptake, honeydew secretion, etc, of aduli wingless parthenogenetic
females; up te now most of our work has been with this form. In absclute
terms of course, the rate of food uptake by larvae is lower, but in rela-
tion to body weight it is higher. This ig also frue of honeydew secretion
(see Mittler's work on Tuberolachmus and P. Ehrhardt's on Megoura
viciae). At present we have litile knowledgeé of the food uptake of winged
forms; the only study we have made with Aphis fabae was to determine
the last food uptake of nymphs before, and the first of the adult after,
moulting to the winged stage, This is important in the context of virus
vectoring by the winged form.

The pH values of the medium were close to neutral, but slightly
allkaline (pH 7.2-7.4). I do not know about any eifect of pH variations on
endosymbionts; for information on this peint you should contact my
colleague, P. Ehrhardt,

To your comment on 1311 concentration, I would add that results have
also been obtained by my colleague, A, Schlagbauer (Ph.D. Thesis,

Bonn, 1967), on the storage of I in the cuticle of various Heteroptera,
The isotope is bound in the lipoproteins of the cuticle, and after tanning
this becomes irrevergible (gsee also various papers by Mme. Fuzeau-
Braesch).

Rachel GALUN; Mittier found that the phagostimulants of aphids
are amino acids and sucrose, which are present in all plants. How,
therefore, do the ephipharyngeal receptors differentiate acceptable and
unacceptable plants?

W.J. KLOFT: Apart from the substances you mention, mineral salts
also have a gustatory eiffect, as Ehrhardt has shown, However, all these
substances are common phloem sap compounds which can be found in
plants of different species and even genera or families, The most im-
portant factor in distinguishing hosi-plants from non-host-plants seems
to be the existence of secondary plant substances, present in very small
quantities and as yet virtually unknown. FE.Wensler has found, for example,
that the cabbage aphid, Brevicoryne brassicae, is attracted by mustard
oils, especially sinigrin. In this case, however, another sensory organ
i# involved; this is situated on the tip of the labium and allows discrimina-
tion from outaide.

Rachel GALUN: How did you differentiate between plant and aphid
transpiration?

W.J. KLOFT: The effects of feeding on plant transpiration can be
detected 5-10 minutes after puncturing by the aphids has begun. As we
mention in the paper, uptake of phloem sap can begin at the earliest
8-10 minutes after puncturing; however, for an aphid to ingest, absorb,
and begin transpiring tritiated water needs at least 30 minutes. As we
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remove our aphids from the plant after a short time, nco difficulties arise
in distinguishing the two types of transpiration. A much more impaortant
source of error would be the secretion of tritiated water with the honey-
dew, which begins only 2-2% hours after the start of feeding,

Rachel GALUN: Is it not possible that the increased transpiration
rate of the planis is due simply to wounrding, rather than to any specific
effect of the aphids?

W.J. KLOFT: 1 have dealt with this aspect in Z. angew. Entomol, 45
(1960) 337-81, The wounding effect is indeed present, but more important
are the free amino acids in the aphids! saliva. Their amount and spectrum
are closely related to the phytotoxic effect of aphids on {ranspiration,
photosynthesis and respiration of plant tissues (Kloft and Ehrhardt,
Phytopathol. Z. 35 (1859) 401).

W.J. LE QUESNE: You mention in your paper that sodium acetate
labelled with carbon-14 is converted inio cholesterol if endosymbionts
are present. Is it also possible that either the insect or the endosymbiont
could convert plant steroids, such as sitosterol or stigmasterol, into
animal steroids, such as cholesterol?

W.J. KLOFT: This might be possible, but we have not yet started
experiments with phytosterols., As we have been able to show, artificial
feeding of aphids opens up a wide range of experimental studies on bic-
synthesis in insecis,

K.N. MEHROTRA: Since this effect was very clearly demonstrated
in the case of phytophagous insects, especially locusts, [ would think
that similar phenomena must also take place in aphids.

F.T. PHILLIPS: What range of wind speeds was used in the transpi-
ration experiments with tritiated water?

W.J. KLOFT: We had wind speeds ranging from 0 to approximately
0.5 m/s (1 mph). The wind speed can be changed, but is always precisely
controlled and measured with a special flow speed meter.,

H., MARCHART {Chairman): I take it that the amount of H20 vapour
lost by evaporation from the insects which you introduced into the test
chamber for the transpiration studies was sinall compared with the water
loss from the leaves, so that there was no change in the rate of leaf
transpiration caused by alteration of the ambient humidity.

W.J. KLOFT: The water loss of the aphids is indeed extremely
low if compared with the leaf's transpiration.

H, MARCHART: Have you considered the application of your methods
to the study of systemic anti-feeding compounds?

W.J. KLOFT: Not specifically. We are at present performing a
detailed analysis of all our food uptake data, with a view to finding the
artificial nutrient medium which is most attractive to the insects. We
have started work with systemic insecticides, and are studying their
effect on food uptake by measuring the activity of the aphids. The specific
activity of the solutions used is always exactly the same. An advantage
of our technique is that we do not come up against the problem of meta-
bolism in the plant — we are working with an artificial system which has
no metabolism, so that the insecticide compound and the metabolites
formed can be checked for both insecticidal and anti-feeding effecis.

Miss Danneel, who is mentioned in the references to our paper, is
working on this.
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Abstract

RADICISOTOFES IN STUDIES ON THE ECOLOGY OF TICK VECTORS OF DISEASE, This paper
dernonstrates the feasibility of mass rearing of radioisotope-tagged immature ticks by collecting the progeny
of engorged fermnales of three species inoculated with carbon-14 glucose or glycine prior to oviposition,

The incorporation of radiochemicals internally into ticks reduces the chance of loss of the radioactive
label when moulting occurs, @r under natural conditions.

Most treated ticks laid eggs. The amount of radioactivity in the progeny could be controlled by
controlling the size of the dose administered to the parent ticks, However, differences tn radioactivity
in the progeny of treated ticks in relation to the day of oviposition were noted. This activity dectined
progressively through the ninth day. Differences were also noted in relation to the radicchemical used.
Most of the carbon-14 glycine (79, 0%) received by the engorged females remained in the parents, whereas
most of the caibon-14 glucese (77. ¥h) received was transferred to the progeny, Haiching of eggs labelled
by this method was less than in untreated oviposits. Radiosensitivity in the eggs was also noted and was
related to the size of the dose administered to the parent tick. No hatching occurred when the average
radioactivity of the labelled eggs exceeded 637 counts/nin per egg over background. Nevertheless, many
highly radicactive eggs hatched, and larvae with counts as high as 510 counts/min per larva over background
were observed, The biological characteristics of the tagged larvae were apparently unaffected by incorpo-
ration of radiochemicals into these individpals. The proportion of marked larvae which attached to
hosts was similar to the proportion of uninarked larvae which attached, The duration of survival of fasting,
radicisotope-tagged larvae, under laboratory conditions, was simiiar to the period of survival of noa-
radicactive lazvae. No apparent loss in radioactivity in fasting larvae beld for up to 70 days under
laboratory conditions was detected,

This demonstration of the feasibility of mass reariog and long-term survival of radicisotope~tagged
immature ticks suggests that ¥ is now possible to apply this radioecological technique to obtain important
new knowledge on the ecology of tick vectens of disease.

1. INTRODUCTION

The application of radicisotope labelling methods to studies with ticks
was considered by several workers, notably Knapp et al. [1], Quan et al,
[2], Hyland and Hammer [3], Babenko [4] and Samosirelskii and Daifer
[5]. More recently, Sonenshine and Yunker [6] demonstrated the
feasibility of mass production of radioisotope-tagged immature ticks by
inoculation of engorged females prior to egg laying, while Sonenshine
and Clark [7] showed that it was possible to recapture these immatures.

To realize fully the potential usefulness of the radicisotope tagging
methed, it is necessary to demonsirate the feasibility of mass production
of adequately marked individuals of the vector gpecies, at low cost, and
with a label that may be regarded as more or less permanent for that
gtadium. It is also essential that the biclogical characteristics of labelled

¥ This study was supported by the United States Atomic Energy Commission under Contract
No. AT(40-1) 3514,
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individuals, e.g. host-seeking behaviour, survival in the natural
environment and related attributes, be similar te those of non-labélled
ticks. Finally, it must be demonstrated that the tagged specimens released
in a natural area may be recaptured in adequate numbers and readily
identified.

This paper describes the laboratory studies which were performed
to determine the feasibility of applying radicisotope tagging methods
to the study of the ecology of ticks, More specifically, it describes
the resulis of laboratory studies on the efficiency of the labelling method,
radiosensitivity, hatching, transtadial transmission, and a comparison
of the biclogical characteristics of marked and unmarked populations.
Field trials to determine the usefulness of the technique under natural
conditions are described elsewhere [T].

2. MATERIALS AND METHODS

Three species of ticks were used in these investigations, namely
Dermacentor variabilis {Say), Dermacentor andersoni Stiles, and
Amblyomma americanum {Linnaeus). Ticks were held in an incubator
at 80 £2°F and 95% r.h., during egg laying, hatching, or moulting
periods. Radioactivily measurements were done with a Nuclear Chicago
Model 470 gas flow detector and Model 8166 decade scaler.

Inoculations were made according to the method described by
Sonenshine and Yunker [6). Engorged female ticks were positioned on a
binocular stereoscopic microscope stage with the aid of plasticine, and
this assembly was placed adajcent to a micromanipulator. A 50-ul
Hamilton syringe with a 30-gauge needle, containing the desired velume
of solution, was fitted onto the micromanipulator and the micrometer
controls were used to guide the needle into the body of the fick, The
solutions inoculated in the earlier phase of this study were not osmotically
balanced; those inoculated later in the study were balanced by the addition
of saline to approximate a concentration of 1. 0% NaCl.

Eggs collected for radioactivity determinations were selected at random
and segregated into sampies of 25, and counts for each sample were
recorded for 3-minute periods. Three samples of 25 eggs each were
drawn from each oviposit. Oviposits were collected from egg-laying
ticks on days 1, 5, 9 and 13 of the oviposition period and checked for
radicactivity as described above.

The total number of eggs in an oviposit was determined by observing
the weight of a known number of randomly selected eggs, to determine
the average weight per egg, and then weighing the entire egg mass. The
total number of eggs in the mass was computed from these two figures.
Weight determinations were made with a Meitler microgram balance. The
proportion of eggs which hatched was determined by counting unhatched
eggs.

" The efficiency of the radiolabelling proceas was evaluated. The
accuracy of the radicactivity measurements reported for the commercial
radioactive preparations used in this study was determined by precipitating
100 lambda aliquots, appropriately diluted on greased planchets, and
following each transfer with itwo rinses of the lambda pipettes with
distilled water, and drying slowly under an infra-red lamp. ‘Three samples




SM-102/5 33

were prepared from each of two commercial preparations reported to
contain 50 pCi of ¥ C-labelled glycine. Feollowing the assay of the
commercial preparations, 100 lambda aliquots (undiluted) of the same
assayed solutions were withdrawn and added to the dissolved, neuiralized
body contents of each of three engorged female ticks which had not
received any radicisotope. Samples were then withdrawn from each of
these new preparations, diluted and checked for radicactivity in the same
manner as above, In addition, ticks receiving incculations of known
concentrations of radiochemicals were dissolved in acid prior to
ovipesition, diluted and neumtralized, and aliquots were precipitated onto
planchets. Finally, the entire oviposits of inoculated egg-laying parents
were collected, dissolved and neutralized, and aliquots were withdrawn
for comparison of this mode of radioactivity measurement with the
measurements made using entire eggs.

Changes in radioactivity in tick material during the processes of
{1) hatching, and (2) moulting from larva to nymph were studied by
determining the radioactivity of each egg, engorged larva, subsequent
stadium and shed material.

Comparison of basic biological characteristics of radiclabelled ticks
with untreated ticks was made with D. variabilis. The phenomena studied
included (1) willingness to feed, (2) longevity and (3) retention of radio-
activity. Fourteen groups of 50 unfed larvae, each seven days old and
held at 85% r.h. and 80 £ 2°F, with increasing daily increments of
incandescent illumination, were exposed to albino rats. One half of
the sample groups were drawn from the second-through-fourth day
radioisotope-tagged progeny of a single female. The remaining ticks
were non-radicactive individuals drawn at random from unireated parents.
All larvae were confined separately, 50/rai, by means of mustin cloth
around each animal., Each animal was held over water in & separate
tray. The cloth was removed after 24 hours. Engorged larvae were
collected and the number of {icks recovered was recorded. Longevity
was studied by collecting samples of 100 larvae from both labellied and
non-labelled populations immediately afier hatching. The ticks were
observed each day for evidence of mortality until all were dead, Reteniion
of radioactivity was sfudied by heolding stock populations of 100 larvae and
withdrawing 10 individuals at 2-week intervals, killing them with
chloroform and determining their radicactivity, This procedure was
necessary gince anaesthetic technigues were unreliable and care had to
be taken to avoid contamination of the detiector system by escaping
larvae. These studies were continued for 70 days.

3. RESULTS

Mags production of radiolabelled larvae and nymphs of three species
by inoculation of preovipositing female ticks was accomplished. Information
wag obtained on the following aspects: the relationship between the
activity of the dosing sclution and radicactivity in the progeny of treated
parents; the decline in radioactivation of progeny during oviposition;
radiosensitivity; differences in radioactivity in immatures in relation
io the radiochemical used; the total number of eggs produced and the
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per cent hatching; loss of activity with hatching, feeding and moulting;
biological characteristics of tagged ticks.

Inoculations. All but two of the 32 engorged female D. variabilis
inocuiated with buffered saline solutions containing from 12,5 to 25. 0uCi
G -glucose laid eggs. All ovipositing treated parents transovarially
transmitted large amounts of radiochemical to their progeny. The
average radioactivity detected in day 1 oviposits ranged from 55. 8 counis /min
per egg to 976. 9 counts/min per egg, with a mean activity of
393. 6 counts/min per egg.

Radioactivity of progeny in relation to dose, The transfer of radio-
igotopic material to the progeny of treated ticks was studied by determining
the radioactivity of randomly selected samples of their eggs and larvae.
The results of these determinations for D. variabilis are shown in Fig. 1.

RACIOACTIVITY IN D. VARIABILIS EGSGS AND LARVAE
IN RELATION TQ DAY OF OVIPOSITION
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FIG.1. Graphs thowing changes in radioactivity in eggs and larvae from carbon-14 treated D, variabilis
femaies in relation to day of oviposition, Data for larvae from glucose C-treated parents was not
avaitable. All estimates comrected for difference in efficiency between direct counting (radioactivity) and
counting from dissolved material,
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These values must be regarded as relative estimates, since measurement
of radioactivity in this mode (whole eggs) was inefficient as compared with
precipitates from dissglved tick matierial. The incorporation of radio-
chemical into eggs and larvae showed a relationship (1) with the period
of oviposition, (2) with the activity of the radiochemical scolution
inoculated into the parent, and (3) with the radiochemical used. The
variation in activity in the progeny in relation to the period of the oviposition
process in which the eggs were deposited was determined by collecting
the oviposits of days 1, 5, 8, and 13. Figure 1 shows the activity
present in egg samples at these four different time periods, based
upon identical size samples from 33 D. variabilis females inoculated
with *C-labelled glycine and 30 D. variabilis inoculated with 1#C-labelled
glucose. The radioactivity of the glycine inoculations ranged from
10. 5 to 60, 0 uCi per {ick, and that of the glucose inoculations from 12,5 to
25.0 uCi, In the glycine treated ticks, the average activity per egg was
greatest on the first day of oviposition, and this activity declined regularly
until'the ninth day. Thereafter, the change in activity was very slight,
and the average activity per egg on day 13 was slightly higher than on
day 9 of the oviposition period. The same trend is apparent in the glucose
treated ticks, but the decline in activity was more rapid between the
first and the fifth day than was observed in the case of the glycine
inoculations.
To compare the relationship between the average activity incorporaied
into the eggs and the size of the dose administered {o each tick, doses
of 10,5 uCi, 25,0 uCi, 50 uCi, and 60 uCi of 1¥C glycine, and 6. 5 uCi,
12.5 uCi and 25. 0 uCi of 1¥C glucose were administered to the engorged
fernales. Each incculation at a given dose level was replicated from six
to seven times. The transfer of radicactivity from parent to egg mass
in relation to these graded dosages is shown in Figs 2 and 3. Eggs
cobtained from parents inoculated with large doses generally had higher
activity measurements than those obtained from parents incculated with
smaller doses. This is most evident in the case of the glucose treated ticks.
Similar studies were done with D. andersoni and A. americanum.
Mos=t inoculated females of both species lald eggs and radiocactivity was
readily detected in the progeny, at least through the larval stage.
Total number of egge produced. The mean weight of 18 engorged D.
variabilis females taken immediately after dropping from their hosis
wag 639.1 mg. The average weight of the egg masses produced by 25
ticks, where it was possgible to collect and weigh the entire oviposit, was
237.3 mg. The average number of eggs produced by 48 ovipositing
inoculated females was 4002, 'Thus, the parent tick converts approximately
37. 1% of the engorged body weight into eggs, Large egg masses were
also produced by inoculated D. andersoni and A. americanum females.
The average number of eggs produced by the treated D. andersoni was
6632 and that produced by treated A. americanum females was 4463,
Hatching (radiosensitivity). Larvae hatching from radiolabelled
oviposits were less radioactive than the eggs from which they hatched
(Fig. 1). The average reduction in radioactivity was greatest for the
day 1 oviposiis, less for the day 5 oviposits, and least in the later day
oviposition pericds. The average drop in radicactivity represented a
loss of 55% from that present in the egg mass. Further, high activity
levels were completely lethal to the eggs. Although oviposits with
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RADIOACTIVITY IN EGGS IN RELATION TO DOSE (GLYCINE C-14)
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FIG.2. Graphs showing relative differences in radicactivity in eggs from glycine ¥C-treated D, variabilis
parents in relation to dose uted. Each point represents average of three sarples from oviposits of eack of
& to 7 female ticks inoculated with the same dose. All estimates comected for difference in efficiency
between direct counting (radicactivity) and counting from dissolved material.

activities of up to 976 counts/min were obtained, no hatching was observed.
In the case of three females inoculated with 60 uCi of 14C glycine and three
with 25 4Ci of 1C glucose, day 1 oviposits with activities of 757. 8 counts/min
per egg, 636,8 counts/min per egg, 686. 0 counts/min per egg,

933. 0 counts/min per egg, 887.8 counts/min per egg, and 976.9 counts fmin
per egg, respectively, were obtained, However, no hatching occurred

in any of the eggs produced by these female ticks, Hateching was
considerable at lower activity levels, in many cases exceeding 50%,

The relationship between the mean radicactivity of the entire egg

masg and the per cent hatching which occurred in the progeny of the 4C-
treated parents (glycine and giucose} is shown in Table I. Note that

the overall per cent of hatching was 50. 4%,
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RAGIOACTIVITY IN EGGS IN RELATION TO DOSE {GLUCOSE C-i4}
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FIG.3. Graphs showing relative differences in radioactivity in eggs from glucese C treated D. variabilis
fernales in relation to dose used. Each point represents average of three samples from oviposits of each

of 6 to 7 fernale ticks inoculated with the same dose.  All estimates corrected for difference in efficlency
between direct counting (radioactivity) and counting from dissolved material.

Although a large proportion of the eggs died, apparently as a result
of the lethal effects of the high radicactivity levels used, many individual
larval specimens which hatched had high count rates. Larvae with counts
as high ag 511 counts /min per larva over background were detected. In
one sample, drawn from the progeny of a 1C-glucose treated parent,
54% of the larvae had counts higher than 100 counts /min per larva over
background.

Comparisons between radionuclides. The radioactivity cbserved in
eggs and larvae obtained fromD. variabilis females treated with seven
radiochemical solutions, representing six radionuclides, is shown in
Table 1I. In addition to the high activities obtained in eggs and larvae
from parenis treated with M4 ecompounds, considerable activity relative
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TABLE T
The relationship between hatching of radiocactive egg masses

and the amount of radioactivity administered to engorged female
Demmacentor variabilis

A. Inoculations with Carbom-14 glucose (uniformly labelled)

Percent hatching with inoculations of:

Replicate No. 12.5uCi 25.0uCi

L 49.8 0.0

2 69.1 32.3

3 73.4 33.4

4 74.2 50.1

5 34.8 56.3

[ -- 13.8
Mean 60.3 31.0

B. Inoculations with Carbon-14 glycine (uniformly labelled)

Percent hatching with inoculations of:

Replicate No. 10.5uCi © 25, 0uCi 50.0uCi 60.0uCi

1 80.0 57.7 64.8 39.4

2 - 58.0 35.6 2.6

3 - 90.9 -- 0.0

4 - 82.0 -- 0.0

5 - 73.0 - -

6 - 59.8 -- -—-

7 -- 54.0 - --
Mean - 67.9 50.2 10.5

Dash indicates that the proportion hatching was not determimed.

to the small gize of the dose was detected in the progeny of ticks treated
with strontium=-80. This was also true of ticks inoculated with
phosphorus-32, but those females died very quickly after producing small
oviposite, and most eggs failed to hatch, Further studies with %51 are
in progress.

Efficiency of radiclabelling technique. Knowledge of the efficiency
of this method of mass production of tagged ticks was sought to facilitate
determination of the dosage for any given radiolabelling problem. To
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TABLE II

Radiocactivity in progeny (eggs and larvae)
of D. variabilis females inoculated with
seven different radiochemicals

Mean radicactivity
(all ticks)
in CPM over background
Mean
No. activity Mean
Radiochemical Imoculations Inoculatiom{uCi) all eggs all larvae

Carbon-14

Glycine 33 38.5 91.4 45.0
Carbon-14

Glucose 7 17.5 122.0 93.1
Cerium 144 1 0.04 2.5 *
Cesium-137% 3 0.09 8.5 *
Strontium-90° 4 0.05 18.5 9.5
Phosphorus-32 6 5.8 211.6° 26.0
B3 Glycine 4 25.0 6.0 *

CPM = Counts per minute

2 pctivity determined with gas flow counter. Activity also determined
with solid scintillation detector, amd with very similar results.

b fncluding 1 A. smericanum

© Egg laying ceased shortly after day 1, parent ticks died.

* Not determirced.

evaluate this efficiency, it was necessary first {1) to determine the
accuracy of the radioactivity values reported by the manufacturers of
commercial preparations used in this research, {2) to check the efficiency
of the sample preparation technique, and {3) to determine the proportion
of the radiochemical dose actually received by the replete female tick
prior to oviposition.

Two commercial preparations of the same radiochemical {3 C glycine)
and {rom the same supplier were tested. The results of the tests
indicated a deviation of 5. 8% and 1. 8%, respectively, from the reported
activity present in each source solution. The efficiency of the sample
preparation technique was checked by using 100 lamhbda aliquots of the
previously assayed commercial preparations, added to each of three
non-radioactive female tick solutions. Since no inoculations were made
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TABLE II1

Efficiency of the preparatiom technique for
determining the amount of radioactivity in
engorged female Dermacentor wariabilis®

Radiocactivity in counts per minute over background

Sample No. Tick Nao. 1 Tick No. 2 Tick No. 3
1 3,990.3 4,365.4 4,379.8

2 2,938.0 4,536.9 4,907.5

3 9,644.7 4,878.3 4,530.3
Mean 4,605.8 4,593.5 4,605.8

Mean z211 3 tick solutions - 4,614 CPM over background. True activity =
22,377.9 DPM.

Expected activity (based on an assay value of 50.9 microcuries in
original solution) = 6,650.9 + 67 counts per minute, or 0.0143 micro-
curies.

Observed activity (in microcuries) = 0.0101 microcuries.

Efficiency of detection is 69.7%.

% 100 lambda aliquots of the radicactive glycine socurce solution were
withdrawn and pipetted into each fully dissolved, neutralized
solution, followed by 2 rinses. Samples were prepared after allowing
for equilibrium to be reached.

DPM = Disintegrations per minute

in the case of these three individual ticks, it should have been possible
to detect all of the added activity following appropriate dilutions to
permit preparation of samples of minimal thickness, In fact, only 68. 7%
of the predicted activity was detected (Table IlI). The sample thickness
of the preparations studied ranged from 1.3 to 2,5 mg/em?2. According
to Wang and Willis [8], loss of detection efficiency at such sample
thicknesses is only about 2-3%. Hence, self-absorption is probably not
significantly involved, and the error determined above is accepted as
indicative of the {rue efficiency error in typical samples prepared from
all the replete female ticks. The correction factor of 1.44, computed
from these data, expressesthis deviation between the accuracy of the
assay of pure radiochemical versus the mixture of radiochemical and
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TABLE IV

Efficiency of techmique of direct Incculation
of Carbon-14 labelled compounds
into engorged female ticks

Radiocactivity
(Microcuries) Estimated activity Percent Percent
reported in tick efficiency efficiency
inoculated {microcuries) (uncorrected) (corrected)
10.5 ¢.182 1.7 2.5
12.5 0.318 2.5 3.6
12.5 1.260 10.1 14.5
12.5 1.818 14.5 20.9
12.5 1.206 9.7 14.0
25.0 3.974 15.9 22.9
25.0 4.030 16.1 23.2
25.0 2.944 11.8 B ¥
60.0 10.800 18.0 25.9
Mean 24.2 2.948 11.1 17.7

tick material, and this correction was applied to all the efficiency
estimates given below and in Tables IV and V.

The results of the deiermination of radicactivity present in inoculaied
engorged female ticks prior te oviposition are shown in Table IV. Nine
ticks were studied. The corrected estimates of the efficiency of these
inoculations varied from 3.6 to 25. 3%, with a mean of 17. 7%. In ten
other ticks in which the efficiency of transmission to eggs was determined,
the cumulative total of activity in both eggs and spent parenis indicated
an incculation efficiency of between 15. 3% and 75, 6%. The overall
average efficiency of inoculation, based on all 18 specimens, was
estimated at 35, 1%.

Data on the relative efficiency of transovarial transmission of the
two radiochemicals used by inoculated parents were obtained and are
summarized in Table V. Only ticks in which the entire egg mass could
be collected and in which a typical size oviposit cccurred were used. The
entire egg masses were dissolved prior to hatching, The mean efficiency
of transovarial transmission of radioglucose and radioglycine in the 10
ticks studied was 60.6%. The mean proportion of the original inoculation
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TABLE V

Transovarial transmission of radiochemicals
(Carbon-14 labelled glycine and glucose) in
Dermacentor variabilis

Z:::i;v(;.-ty Activity in microguries¥® Efficiency g&)

(micro- Total? Total Total Efficiency Efficiency Efficiency®
curies) activity remain- trams- of inocu- of trans- of trans-
inocu- received ing in ferred lation mission ovarlal

lated ‘ par ent : EﬂJ’.‘El‘I‘t ta EEES ; Earent ! to epgs trapsmission

Glycine

60.0 31.595 27.760 3,835 52.7 6.4 14.0
60.0 17.676 12.548 5.128 29.5 8.5 29.0
25.0 9.006 7.197 1.809 36.0 7.2 20.1
Glucose

12.5 1.915 0.755 1.160 15.3 9.3 60.6
12.5 5.535 1.071 4. 4564 42.8 35.7 80.7
12.5 9,258 1.539 7.718 75.1 61.7 83.4
12.5 7.718 2.138 5.580 61.7 i .6 72.3
25.0 18.501 2.344 16.557 75.6 66.2 87.5
25.0 18.602 3.882 14.720 74.4 58.8 75.1
25.0 15.958 3.345 12.613 63.8 50.5 79.0

# A1l estimates corrected by a factor of 1.54 (see text).

a2 pumulative total eggs plus spent parent.

b Bgrimate of proportion of original dose which was incorporated in the
eggs.

¢ Rstimate of the proportiom of the dose received by the preovipositing
female tick which was transferred to the eggs.

dose which reached the eggs was 34.9%. The total activity present in
both spent parent and total egg mass indicates an average elficiency
considerably greater than the 17, 7% obtained for the nine non-ovipesiting
females described above. In the later group (ten egg-laying females),
the results indicated an inoculation efficiency of 52, 6%. I may also be
noted that in the three ticks inoculated with radioglycine, the amount
of radiochemical remaining in the apent parent was 4.6 times the
amount transferred to the eggs. However, in the ticks inoculated with
radioglucose, 77.5% of the total activity estimated to have heen received
by the parent tick was transferred to the progeny.

Feeding. The proportion of radiolabelled D. variabilis larvae which
fed ag compared with non-labelled larvae feedmg on the same host species
was studied. The radioactive larvae had count rates averaging
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TABLE VI

Comparison of the Feeding of Labelled (Carbon-14)
and Won-~labelled D. variabilis Larvae
on Albino Rats

Radiocactive ¥on-labelled
Ticks Ticks
Ho. No. No. No.
exposed recovered % Feeding exposad recovered % Feeding
50 8 50 15
50 18 50 2
50 12 50 11
50 12 50 9
50 14 50 23
50 16 50 7
50 5 50 12
Total 350 85 24.3% 350 79 22.6%

110 counts /min per larva. The mean proportion of radicsctive-larvae
which fed was 24.3%; that of non-labelled larvae which fed was 22, 8%
(Table VI).

Survival. Studies were performed on survival of D.variabilis
immatures under controlled conditions of 95% r.h, and 80t 2°F, with
both radiclabelled and non-labelled larvae (Table VII). Samples of
larvae held under these conditions survived for up to 70 days. The elapsed
time when 530% of the non-labelled ficks died wag 62 days. The elapsed
time when 50% of the radioisctope-tagged larvae died was 63 days.
Evidence of long survival of radioisotope-tagged larvae wag also obtained
from field data. A tofal of 46 individuals released between 11 August
and 29 August, 1966, was recaptured on mice (white-footed mice and a
meadow vole] from 14 March through 11 April, 1967, indicating survival
followed by host-seeking behaviour for approximately 8 months [7L

Survival of D.variabilis immatures at high temperature (80°F) is
limited. However, at lower temperatures, e.g. 50°F, survival of most
individuals in an oviposit for up to 8 months has been observed.

Bicelimination, The mean activities detected in larval samples
drawn from a stock population at 2-week intervals is shown in Table VIII,
Little change in radioactivity appears to have occurred during this
period. The survival of D. variabilis larvae at the temperature used is
limited, as noted above, and the study could neot be continued beyond the
sixtieth day. Additional evidence of long-term retention of radicactivity
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TABLE VIL

Survival of radicactive and non-radioactive
D. variabilis larvae at
B0 + 2°F and 95% r.h.

Kumber of szurvivors

Day of
Observation Radicactive Non-radioactive

1 100 100
14 97 99
35 96 89
42 86 88
45 80 83
50 80 80
52 80 76
54 80 70
55 67 70
56 64 70
60 64 62
62 64 50
63 et 43
65 20 31
69 5 12
70 0 12
72 - 1
75 - 0

wag obtained from the field collection noted above. Individual specimens
with count rates as high as 59 counts/min were recaptured on the host
animals trapped in the release area, indicating retention of activity

up to 8 months.

Transtadial transmission. Samples of newly hatched larvae from the
gecond-through-fourth day oviposit of a single D. variabjlis female were
tested for radioactivity. The average number of counts per minute over
background per larva was 106. 1. These larvae were allowed to feed on
albino rats. The average activity in a sample of 50 engorged larvae
wasg 51.4 counts/min per larva over background, with & range of from
7 ecounts/min per Iarva fo 108 counts jmin per larva. A gsample of
25 nymphs which moulted from these engorged specimens was counted
separately, as were the shed skins, The average radioactivity in the
nymphs was 38.4 counts/min per nymph over background. The average
activity in the shed skins was 62. 7 counts /min per larval skin over
background (Table IX}.

4, DISCUSSION

The inoculations with radioglucose reported in this paper resulted
in oviposition by 93. 3% of the treated ticks. Hence, oviposition by
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TABLE VIII

Betention of radicactivity by fasting
Dermacentor variabiliz larvae
stored for long perilods

Avg. CPM/larva

Day Sample No.? over background
4] 1 46,7

14 2 38.8

28 3 42.3

42 4 58.8

56 5 27.5

70 6 49.3

1 Each sample contained 10 specimens. All were living specimens,
except the sample taken on the 70th day. All remaining larvae died
between the 56th and 70th day; these specimens were segregated into
three groups of 10 each, counted, and the mean activity was computed
for the three samples.

almost all of the ticks radiolabelled by this method may be expected
when the osmotic pressure of the carrier sclution is adjusted to a value
more closely resembling that of the haemolymph., The ability to lay
eggs does not appear to be curtailed by the in-vivo incorporation of
soft beta-emitting radiation.

This method of radiolabelling immature ticks appears to offer more
advantages than other technigues reported in that (1) the radioactive
material is incorporated into the bodies of the tagged specimens and,
hence, it is not readily lost, (2)itis simple to apply, (3} itis not wasteful
of material, and [4) the size of the dose administered can be controlled.

Radiogensitivity of the eggs represents one of the major limiting
factors on the usefulness of the radicinoculation method for tagging immature
ticks. No hatching occurred in oviposits in which the average count
rate per egg exceeded 637. Hatching occurred at lower activity levels,
but was quite obvicusly related to the radiochemical and the dose
administered (Table I}). Grosch [9, 10] also found reduced egg laying
and diminished hatching in the wasp (Habrobracon sp.} fed on radio-
phosphorus and zine-65. Another important limitation on the use of this
method for mase rearing of tagged ticks is the progressive decline in
radicactivity with the period of oviposition by the parent ticks (Fig. 1),
The reason for this is unknown. Consequently, progeny produced late
in the egg-laying period were often found to have radioactivity levels
which were unsatisfactory for field studies.
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TABLE IX

Radioactivity (GCarbon 14) in engorged larvae, nymphs,
and shed skins of D. variabilis?

Radioactivity in counts per minute over background

Nymphs molted from Larval

Tick No, Engorzed Larvae Engorged Larvaé Skins
1 22 39 308
2 12 49 65
3 37 33 113
4 36 47 20
5 70 29 39
[ 106 10 33
7 22 20 37
8 21 6 19
9 29 32 29

10 64 28 37
11 23 3 13
12 107 34 92
13 86 #0 72
14 59 46 43
15 73 32 45
16 32 11 43
17 84 --% —-—%
18 60 23 89
19 22 92 83
20 75 56 116
21 36 13 29
22 106 87 98
23 96 35 65
24 67 38 78
23 63 33 39
Mean + 1 8, E. 56.7 + 6.1 34.8 + 4.4 62.7 + 6.3

® Larval progeny of female No. 17, inoculated with approximately 50pCi
Carbon-14 glycine. Larvae were collected from the oviposits of days
2 through 4. The average number of counts per minute over background
per unfed larva was 106.1,

% Died without moulting.

The enormous reproductive capacity of ixodid ticks compeunsates
for the losses noted above. The estimated average number of eggs
produced by 15 untreated D. variabilis femailes was 4156. The maximum
number ohgerved was 6173. Radioinoculated females produced only
slightly fewer eggs, The average number for 48 ticks was 4002, Another
important congideration is the temporal distribution of the egg laying
process, Figure 4 shows the average daily egg production of 15 D,
variabilis females held in the dark at 85% r.h. and 80 2°F. By referring
to Fig. 4, it may be found that 59. 2% of the eggs are deposited by the end
of the fifth day of oviposition, and all but 6% are laid by the end of the
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AVERAGE DAILY EGG PRODUCTION
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FIG. 4. Average daily egg production of 15 D. variabilis females held at 802 F. and 8% relative
humidity.

tenth day. This knowledge of the characteristics of the egg-laying
process in ticks may be used, along with information on the efficiency of
inoculation, transovarial transmission, and loss of activity with hatching,
to determine the best method of mass rearing of ticks for use in field
studies,

Preparation of the release population. An example of the application
of the method for mass rearing of radioisotope-tagged tick populations
may be given by assuming the objective of preducing 100000 D, variabilis
larvae with an average radicactivity of not less than 50 counts /min perlarva.
The radiochemical selected is glucose 14C. Since approximately haif of the
radicactivity incorporated in the eggs is loat during hatching, the inoculating
dose per parent tick must be adjusted to compensate for it. By referring




48 SONENSHINE

TABLE X

Determination of the dose (in microcuries) of

Carbon-14 glucose mecessary to radioactivate the

maximon mmber of D. variabilis larvae with a
minimum of 100 CPM/larva over background

Activity
in total
Day of Avg. No.! Avg. expected” oviposit Activity/
oviposition Eggs activity (CPM) (microcuries) larvae (CPM)
1 483 260 0.274 128
2 537 220 0.258 108
3 552 180 0.218 88
4 467 140 0.143 69
5 452 100 0.099 49
6 392 920 0.077} D
7 320 79 0.055 I
8 266 68 0.039 s
9 230 57 0.029 4 ¢
14 172 53 0.020 A
11 107 50 0.012 R
12 84 46 0.008 D
13 42 43 0. 004-‘ E

2 Data from Figure 4.

b pata from Pigure 1.

to Fig. 1, it may be observed that the progressive decline in radicactivity
per egg with time of oviposition is linear, with & midpoint near the fifth
day. Hence, the activity of the fifth day oviposit may be vsed as the base
level for determining the dose. Eggs produced after this day are
discarded. The dose required to activate the fifth-day oviposit to a
level of 100 counts/min per egg over background is 0, 099 microcuries
{average of 452 eggs X 100 counts/minXdetector efficiency, or 100/20. 6,
divided by the number of disintegrations per minute per microcurie, or
2220000). The activities required for the other ovipesition periods can
also be determined from the data in Fige 1 and 4. These calculations
are shown in Table X, When the activity of the radiochemical which may
be expected to remain in the spent parent is included (Table V), the total
activity which must be received by the preovipositing female iz 1,594 uCi.
Since the efficiency of inoculation has been estimated to be 35. 1%, the
dose required to obtain the desired minimal level of labelling of the
maximum number of larvae is 4. 54 uCi. The final expected yield of
larvae, taking into account the loss due to radiosensitivity (Table I}, is
1868. Inoculation of a total of 57 engorged female ticks will be necessary
to obtain the required number of larvae.

In practice, the investigator may wish to increase the dose to ensure
adequate labelling. Further, a monitoring check of the hatch from each
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oviposit which is scheduled for use as a component of the release population
should be included in the laboratory protocol to ensure that all released
ticks are suitably labelled.

Biological characteristics of radioisotope-tagged ticks. An important
consideration which bears upon the application of radiclabelling methods
in ecological studies is whether the biological characteristics of
radioisotope-tagged individuals are similar to those of untreated specimens.
The data reported in this paper suggest that they are very similar. No
apparent detrimental influence was noted when feeding of radioactive
larvae was compared with that of non-radicactive larvae. The proportion
of the ticks (exposed to a host, albino rat) which fed was almost identical
in each case, and it was not significantly different from the proportion
reported by Sonenshine and Atwood {11] for this same host, Survival
of radioisotope-tagged larvae appears to be similar o survival of non-
labelled larvae. The elapsed time when 50% mortality occurred was
almost identical in bath cases (62 and 63 days, respectively, at 80°F and
95% r.h.). In addition to laboratory evidence, recaptures of overwinter
survivors after a period of up to 8 months were made. Larvae released
in August 1966 at a study sile near Montpelier, Virginia, were recaptured
on small mammals in March and April 1967 [7]. Thus, all the evidence
obtained to date suggests that radiclabelled ficks may be regarded as
similar to non-labelled laboratory reared ticks, However, thie does
not imply that they are similar to wild individuals living in the natural
environment., Further study with laboratory reared populations released
in natural and simulated environments will be needed to determine the
degree of behavioural similarity between these ticks and the native ones,
as well as to determine the proportion of the released population which
survives from one year toc the next.

In addition to determining whether radioactive ticks were biologically
similar to non-labelled individuals, ii is also of interest to determine
how long the radicactive label remains in each stage. In free-living
insects, bioelimination often accounts for more loss of radioisotopic
material than nuclear disintegrations. The biological half-life of a
radionuclide is very different from the physical half-life [12]. In ticks,
however, there is no daily exchange of muirient and waste material during
the non-parasitic periods. Consequently, long-term retention of
radicactivity may be expected. The data in Table VIII lends support to
this hypothesis. Unfortunately, further study of retention of radicactivity
by fasting larvae could not be continued at the temperature used {80°F)
because of death of all of the specimens. Further investigation of this
problem will be done with ticks held at lower temperatures. Data from
the field study also support the expectation of long-term retention of
radioactivity. Overwinter survivors were collected which had activities
as high as 5% counts/min per larva over background,

Radiclabelling of nymphs resulis from moulting of fed labelled larvae
(Table IX). The activity levels found in these nymphal ticks were adequate
for detection of most individuals. The daia suggests that populations
of tagged nymphs suitable for use in field studies may also be produced
by this method,
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5. SUMMARY AND CONCLUSIONS

The feasibility of mass rearing radicisotope-iagged immature ticks
by means of inoculating engorged females with radiochemicals ig
demonstrated in three species of Ixodidae. The presence of radioactivity
may be detected readily in individual larvae or nymphs.

The incorporation of radiochemicals internally into ticks reduces
the chance of losing the radicactive label when moulting cccurs, or
under natural conditions. Further, the amount of radicactivity in the
specimens can be controlled by controlling the size of the dose administered
{0 the parent ticks, However, differences in radioactivity in ithe progeny
of freated females in relation to the day of oviposition were noted. This
activity declined progressively through the ninth day. Differences were
also noted in relation to the radiochemical used. Most of the 1*C glycine
{79. 0%) received by the engorged females remained in the parents,
whereas most of the 4C glucose (77. 5%) received was transferred to the
progeny. Hatching of eggs labelled by this method was leés than in
untreated oviposits. The degree of radiosensitivity was related to the
amournt of radicactivity in the dose given to the parents. Large dozes
were lethal to many eggs. No hatching occurred when the average
activity of the labelled eggs was 637 counis/min per egg over background,
or greater. Nevertheless, numerous highly radicactive larvae hatched,
jncluding individuals with counts ag high as 511 counts/min per larva over
background.

The biclogical characteristics of the tagged larvae which hatched
did not appear to have been affected by the presence of radiocactivity.

The proportion of marked larvae which atiached to hosts was similar to
the proportion of unmarked larvae. The time of survival of fasting,
radioisotope-tagged larvae, under laboratory conditions, was similar
{0 the period of survival of non-radioactive larvae. No apparent loss
in radicactivity was detected in fasting larvae held for up to 70 days
under laboratory conditions.
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DISCUSSION

H. MARCHART (Chairman): Have you esiimated the approximate
radiation dose received by the ovaries of the female ticks?

D.E. SONENSHINE: No, we do not have the equipment for this.
However, I am concerned with radioisotopes inoculated into the females
and so far, with doses of up to 60uCi of MC per tick, I have not seen
any evidence of radiation damage to the ovaries. The average number of
eggs deposited by inoculated females was almost the same as that
produced by non-inoculated females.

D. 8. GROSCH: I1feel it should be borne in mind that the energy of
the beta rays and their range in tissue are important in investigating
the dosze level tolerated. For instance 14C, in any form, can be tolerated
in much larger quantities than 22P,

I should be interested to hear whether you have any life-span data on
the ovipositing females. The pattern on you slides resembled the senile
decline seen with Habrobracon and Drosophila — though, of course, the
time-scale would not be identical, =~

D. E. SONENSHINE: The female Ixedid tick lays all her eggs in one
brief oviposition period, and dies on, or shortly after, completion of
this process, so there is no question of senility here.

D.S. GROSCH: Then c¢ould you tell us whether the mean day of
death is day 15? I am trying to relate this to something fundamental in
insect physiclogy and I believe that the fat body is very much involved
in insect oviposition.

D.E. SONENSHINE: The mean day of termination of egg laying was
not computed exactly, but it is certainly around 15 days. The actual
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life-span of the female is less significant, since she may well survive
for a short period after ovipositing,

Rachel GALUN: I would just like to point out that ticks do not
in fact have a fat body.

D. 5. GROSCH: Then by what mechanism do those processes occur
in ticke which are performed by the fat body in insects?

Rachel GALUN: Ticks utilize blood very slowly and use the gut as a
storing place for food.

D.S. GROSCH: However, the ingect fat body is more than a place
for storing sudan positive material.

D.E. SONENSHINE: This is an interesting point.

W.F. BALDWIN: You mentioned that egg batches laid by females
treated with 14C in glucose showed a substantial and progressive decline
in radioactivity through the first nine days of oviposition. This drop is
of the order of 20% and might well interfere with the study. Could you
give us an indication of the reasons for this diminishing degree of
radicactivity?

D.E. SONENSHINE: I cannot give a definitive answer to this.
However, 1 could speculate that it may be related to the pogition of the
eggs in the reproductive tract, Perhaps eggs in the oviducts and those
in the ovary have different rates of uptake of metabolites.



ETUDE ECOLOGIQUE DE DEUX PUCERONS
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Abstract — Résumé

ECOLOGICAL STUDY OF TWO APHID YECTORS OF THE SUGAR-BEET VIRUS, The dispersal of
Myzus persicae Sulz and Aphis fabae Scop. labelled with b was studied from 1962 to 1965 in sugar-beet
plots.

The aphids were reared on beets infected with a vims causing severe yellowing and sprinkled with
a solution containing 1 Ci of sodivm orthophosphate (32P). Aphids which remained for 24 hours on these
plants were significantly labelled, as were also their first-generation descendants, The activity of the
insects was recorded by a gas-flow detector with s low background. The radioactive beets infected with
the virus and laden with aphids were placed in the centre of the plots, After su ely inc ing dispersal
times, the largest possible number of aphids was captured in cach test, either mamually or in traps. The
co-ordinates and the precise #entification of each labelled aphid were entered on charts, some of which
are discussed by the authom.

‘The experiments demonstrated the mobility of the apterae. which were found at average distances
of 6.5 and 7 metres for Myzus persicae and Aphis fabse, respectively. However, some aptezae of both
species were found at distances of over 15 metres after the same period.

The role of the winged species as virus carries over short distances should not be underestimated,

The active character of both apterae and winged species is ernphasized,

ETUDE ECOLOGKUE DE DEUX PUCERONS VECTEURS DES VIROSES DE LA BETTERAVE. La dispersion
de Myzus persicae Sulz et d* Aphis fabae Scop. marqués 1 1'aide de phosphore-32 a été suivie, au cours
des années 1963 3 1965, dans des parcelles de betteraves sucridres.

Les pucerons sont Elevés sur des betteraves virosées (infectées par le virus de la jaunise grave de
ia betterave} et arrosées d°une solution contenant 1 mCi d" orthophosphate de sodium (2P), Des pucerons
ayant sjourné 24 henres sur ces plantes sont significativement marqués; leur descendance de 1a premigre
génération 1'est ausd, L'activité des insectes est décelée par un détecteur 2 courant de gaz, de grande
vensib{dits et 1 faible bruit de fond. Les betteraves radicactives virosées et chargées de pucerons sont placées
au centre des parcelles, Aprds des temps de dispemsion croissants, on piéléve dans chaque parcelle le
maximum de pucerons, soit manuellement, soit 3 1' aide de pidges, Les coordonnées et 1'identité pricise
de chaque puceron matqué sont reportées sur des plans, Certains de cewx-ci sont commentés par les 2uteurs,

Les essais ont prouvé la mobilit€ des formes aptéres des deux espdoes, les Myzus et Aphis aptres
sont retrouvés, en moyenne, respectivement 4 6, 5 métres et & 7, 0 métres de leur point de départ, aprés
24 henres dedispersion. Certaing individus des deux espices sont capturds 3 plus de 15 métres au bout du
méme laps de temps.

La part d'Intervention des formes aflées dans la dissémination des viroses 3 courte distance ne semble
pas négligeable,

Le caractere actif des déplacements des formes aptdres et aiifes a pu &tre souligné,

INTRODUCTION

Vecteurs principaux de la jaunisse grave de la betterave (VJGB},
Myzus persicee Sulz et Aphis fabse Scop. sont ireés communs en Belgique.

# Station de chimie et de physique agricoles.
** Station d' entorologie: actuellement assistant 3 la Faculté des Sciences agronomiques de 1'Etat,
Gembloux.
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Plusieurs chercheurs oni démontré 1' efficacité supérieure du premier
vecteur: Watson et al. [1] au Royaume-Uni, en comparant 1' incidence
annuelle de la maladie & 1" asbondance relative des deux esptces, Bjorling
[2] en tirant parti du fait que la virose ne se présente pas en Sudde centrale
et en comparant directement sa dispersion par chacun des deux vecteurs.
Bjorling et Ossiannilsson [3] ont également pu monirer ae laboratoire
que, malgré des différences dans 1'efficacité de transmission des deux
especes, Myzus persicee détermine de trois A quatre fois plus d'infection
qu' Aphis fabae. Les travaux de Heathcote et Cockbain [4] confirment ces
résultats. De plus, il¢ montrent que les formes ailée et aptere des deux
vecteurs transmettent aussi aisément le VJGB.

Les rbles respectifs des formes ailée et aptere dans la dispersion des
virus persistanis et semi-persistanis sont difficiles & déterminer. Davies
(5] insisie sur 1' importance des aptéres dans ce domaine. Broadbent [6],
Broadbent et Gregory [7], Broadbent [8, 9) ne partagent pas cette opinion.
De nombreux auteurs, cependant, maintiennent qu'une bonne part de la
dispersion des virus persisiants et semi-persistants au sein du champ
est due aux apteres. Ribbands [10] par exemple, pour suivre la dispersion
des jaunisses grave et modérée, n'étudie que le comportement des apteres
de Myzus persicae.

Une technique permetiant de repérer les aphides s'avérait nécessaire
afin de suivre leurs déplacements en champ et de préciser le réle joué
par les formes aptdre et ailée, Bjorling et al.[11] utilisdrent le radiophos-
phore 32 P pour marquer les aphides et les repérerent par autoradicgraphie.
Cependant ils ne réussirent & marquer d'une fagon décelable qu'une
{raction {&valuée & moins d'un tiers) des individus. Ils obtinrent néanmoins
des renseignements ires intéressants sur la dispersion des deux vecteurs.
C'est en nous fondant sur les travaux de ces chercheurs, mais en
utilisant une méthode de détection plus efficace, que nous avons poursuivi
ces études an cours des années 1963 A 1965,

METHODES

Les aphides des deux espéces sont élevés ensemble sur des betteraves
de la variété Kleinwanzleben E. cultivées en pots de 30 cm de diam¥ire.
Les plantes-sources sont, suivant les années, inoculées ou non de VIGB
{souche du Laboratoire de phytovirologie de Gembloux), Quelques jours
avant le début de 1' expérience, les parcelles sont traitées au moyen d'un
insecticide & courte rémanence, tandis que les pots sont mis dans des
seaux en polyéthyléne et arrosés au moyen d'une solution d'orthophosphate
de sodium radicactif (1 mCi par pot et par plante). Le surlendemain,
ils sont recouverts d'une coiffe de gaze empEchant toute fuite d' insectes.

Bjorling et al. [11] ont montré que les aphides sont rapidement marqués
de cette fagon, qu'ils le restent pendant au moins 2 a 3 semaines et
qu'une partie de la radicactivité passe A la descendance. Depuis, d!autres
travaux sur }' assimilation et 1! excrétion du %P chez les aphides [12-16]
ont fait progresser nos connaissances.

Les betteraves ainsi coiffées sont iransportées avec précaution deux
a trois jours plus tard au milieu des parcelles expérimentales et enfouies
4 raison de quatre plantes par parcelle. Les coiffes sont alors enlevées
et introduites sur place dans de grands sacs en poly&thylene, afin
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d' empécher la dissémination accidentelle des insectes marqués. Les
parcelles ont été installées en 1863, 1964 et 1865 dans un champ dégagé,
homogene, situé 3 100 m¥tres de la station climatologique de Gembloux.
Le nombre et la disposition des parcelles ont varié au cours des trois
amnées. Cependant les conditions du semis n'ont pas été modifiées:

50 em entre les lignes et plantes distantes de 33 cm dans les lignes, Les
lignes de betteraves sont numéroiées et une betterave sur 10, dans la
ligne, regoit un numéro d'ordre. Les réeoltes commencent généralement
le lendemain du transport des plantes-sources au champ. Elles sont
faites manuellement. Une &équipe de capture comprend un récolteur et

un aide. Le premier découvre, identifie et préleve le puceron au moyen
d'un pinceaun. Le second porte la planchetie ou sont collées les cupules
destindes b le recevoir et note les coordonnées de la plante et le numéro
d' ordre de la cupuie. Les cupules sont adaptées i 1' équipement de
comptage et ont regu, au préalable, une goutte de glycérine et d'insecticide.
Elles sont disposées dans le passeur d'é&chantillons sans autres prépara-
tifs. De nombreux pieges jaunes sont également disposés dans les
parcelles et les aphides ailds qui y sont trouvés sont placés dans les
mémes cupules en vue du comptage.

La radioactivité des insectes est &tablie au moyen d'un détecteur
Geiger-Miiller & courant de gaz, i faible mouvement propre et de grande
sensibilité (fenéire trés mince de quelque 0, 125 mg par em?) couplé a
une échelle de comptage adéquatel. L'emploid'un passeur automatique
{capacité: 50 uniiés) et d' une calculatrice imprimante nous a permis de
mesurer 1'activité de milliers d'insectes en quelgues semaines et d' obtenir
ainsi rapidement les informations nécessaires tout en menant les récoltes
sur une grande &chelle. Suivani ce processus, il a été possible de traiter
pres de 4 000 pucerons en 1963, quelgque 10000 en 1864 et 11 000 en 1865,
Les échantilions sont comptés pendant irois minutes. Seuls les pucerons
donnant, aprés trois comptages, une mesure reproductible supérieure
} trois mouvements propres sont considérés comme radioactifs. A
chaque début d'essai, on préleve un échantillon des aphides se trouvant
sur les plantes radioactives. Dans tous les cas, les insectes sournis au
compiage sont significativement marqués. Les résultats sont alors
reportés sur les plans des parcelles.

ESSAIS DE 1963

Ces essais, destinés principalement & la mise au point des modalités
expérimentales, ont néanmoins donné des indications intéressantes sur
la dispersion des deux vecieurs.

Quatre parcelles de betteraves sucritres (6, v, o, B,)de 20m X 20m
ont été établies dans un champ d'avoine, la distance entre les parcelles
&tant de 15 m. Les plantes-sources, chargées des deux especes aphidiennes
et inoculées de VJGB, ont été introduites dans les parcelles respectivement
les 9, 16, 29 juillet et 7 aolit 1963,

1 Tragertab « Omni-guard> low-background counting systern. Mouvement propre: 1 cpm:
diamatre du détecteur; 2% mm: rendement du détecteur voisin de 25% dans les conditions de nos comptages.



56 FRANGOIS et al,

Parmi les 1084 Myzus persicae capturés dans les quatre parcelles,

14, soit 1, 3%, étaient marqués (6 ailés et 8 apttres). En ce qui concerne
Aphis fabse, 135 individus marqués (25 ailés, 86 aptdres et 24 formes
«immatures») ont 8té dénombrés dans un &chantillonnage de 2719 individus,
ce qui représente prés de 5% des captures.

Les données obtenues sur la dispersion des insectes sont encore
assez limitées. Les aptéres ont &été, pour la plupart, retrouvés i proximité
immeédiate des plantes-sources, dans un rayon ne dépassant pas I m, au
cours des trois premiers jours suivant le 18cher. Notons cependant gqu'un
Myzus persicae aptere a été découvert & 12 m des plantes-sources, 2 jours
apres le licher, et qu'un Aphis fabae aptire a été capturé A une distance
de 2,3 m apres 1 jour de dispersion.

La figure 1 donne, & titre indicatif, la dispersion de¢ la jaunisse
observée 4 semaines apres le l8cher des aphides dans une des parcelles
de 1' egsai {parcelle «, l&cher du 16 juillet 1963).
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FIG.1. Essais de 1963, parcelle cr: distribution des plantes présentant les symptfmes du VIGB et localisa-
tion des aphides marqués capturés,

Comme on pouvait s'y attendre [10], la densité des plantes virosées
est plus élevée 2 proximité des plantes-sources. De plus, les plantes sur
lesquelles un aphide radioactif a éié capturé ont développé les symptémes
de la maladie.
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ESSAIS DE 1964

En 1963 les captures, &talées dans le temps, avaient éié effectuées
sur la méme parcelle et avaient pu influencer la dispersion ultérieure des
aphides. En outre ceite fagon d' opérer angmentait les risques d'entrafie-
ment accidentel des aphides marqués.

Les essais de 1964 ont &t& congus pour vérifier les observations faites
i' année précédente sur la mohilité des deux especes aphidiennes considérées,
tout en évitant les inconvénients en question.

Cing parcelles rectangulaires identiques (40 m X10 m) dont le grand
axe &tait orienté suivant la direction des vents dominants, omnt été enclavées
‘dans un champ d'avoine. Quatre betteraves-sources ont £1é placées au
cenire de chaque parcelle, au début de chague essai, et nous avons admis
par hypothese que la dissémination des aphides se fait de la m&me fagon
dans toutes les parcelles, Les prélevements d'insecies ont eu lieu, dans
une premidre parcelle, 24 h aprds le 1icher des pucerons. Les lignes
centrales ont été prospectées betterave par betterave, les autres par coups
de sonde en fonction des digponibilités en personnel. Le soir m&me, cette
premiere parcelle a &té traitée avec une solution & 0, 3% de Phosdrin. Les
autres parcelles ont été prospeciées et traitées de la mé&me fa¢on respective-
ment 2, 3, 4 et 6 jours apris le ificher. Des pitges jaunes ont été disposés
le long du ¢6té nord-est de chaque parcelle et ont été dépouillés chaque
jour. Quatre essais se sont succédé sur ces cing parcelles, Ils ont
débuté respectivement les 1%, 15, 29 juillet et 5 aofit 1964.

Pour ce dernier essai, les captures n'ont eu lieu que 1 jour apres le
licher. Les conditions climatiques ont été, dans 1'ensemble, favorables
% la pullulation des pucerons.

La figure 2 donne la localisation des ailés, des apteres et des formes
immatures des deux especes capturées manueliement ¢t dans les pieges
jaunes apries 1 jour de dispersion (2° essai) et 1' effectif détaillé de
1! é&chantillon de sous-parcelles idéales de 2,5 m de cbté,

La figure 3 rassembie toutes les captures effectuées apres i, 2, 3,

4 ¢t 6 jours de dispersion au cours de ce deuxiéme essai (15 - 21 juillet),
Enfin, dans les tableaux I et II sont cumulées les captures d'individus
apteres et ailés, réalisées au cours des quatre essais aprés 1 et 2 jours
de dispersion, les aphides &tant classés en fonction de leur €loignement
par rapport i leur point de départ,

Apteres

Les apteres, tant ceux d' Aphis fabze que ceux de My=zus persicae,
sont treés mobiles: neuf Aphis fabae sur 17 ont été retrouvés a plus de 5 m
des plantes-sources apras 2 jours de dispersion, alors que ce rapport
a été de 33 individus sur 100 chez Myzus persicse,

Trois Aphis et six Myzus ont €t& retrouvés k plus de 15 m de leur
point de départ apres 2 jours de dispersion.

Ailés

Les ailés des deux especes ont &té retrouvés dans les parcelles & des
distances variables et, en ce qui concerne les captures manuelies, dans
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TABLEAU I. REPARTITION DES APTERES CAPTURES APRES
1 BT 2 JOURS DE DISPERSION EN FONCTION DE L' ELOIGNE-
MENT PAR RAPPORT AUX PLANTES-SOURCES
Essais de 1964: captures cumulées des quatre essais

Distance (m) Myzus persice Aphis faba
I jour £ jours 1 jour 2 jours

g~ B 21 46 4 4

5=-14 8 8 - 2

10 - 15 8 3 2 2

15 - 20 £ 2 1 2

41 52 T 1a
Aptdres radicactifs 100 17
Total des captures 349 468

TABLEAU II. REPARTITION DES AILES (CAPTURES MANUELLES
ET PIEGES) CAPTURES APRES 1 ET 2 JOURS DE DISPERSION EN
FONCTION DE L' ELOIGNEMENT PAR RAPPORT AUX PLANTES-

SOURCES.

Essais de 1964: captures cumulées des quatre essais

M : .
Distance (m) y2us persicae Aphis fabze
1 jour 2 jours 1 jour 2 jours
¢~ 5 4 2 1 7
5=-10 - 1 1 -
10 - 15 - - - 2
15 = 20 2 - 1 -
Pi2ges 120 m 5 - 3 5
11 3 3] . 14
Ailgs radloactifs 14 20
Total des captures Gd4 1476

des directions opposées.

Formes immatures

Elles représentent respectivement 14% et 118%
des capture d'aptéres chez Myzus persicae et chez Aphis fabee.

Ces formes ont ét& retrouvées dans les parcelles dans toutes les
directions et & des distances variables des plantes-sources. Il n'est pas
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possible de faire la distinction entre celles engendrées par les apteres
sur les plantes radioactives ou apres dispersion et celles descendant des
alatae virginipares. De toute fagon, les distances auxquelles ces formes
immatures ont été retrouvées apres 24 h de dispersion sont du mé&me
ordre de grandeur que celles observées pour les formes ailées et aptires.

ESSAIS DE 1965

L' exiguité des parcelles utilisées en 1963-64 impliquait certains
inconvénients: le microclimat ainsi réalisé peut fausser partiellement la
dispersion ef modifier les conditions de vol des pucercns. Pour y remédier,
nous avons &tabli en 1865 un champ de betteraves d'une superficie de 1 ha
40 a au centre duquel une parcelle carrée de 60 m de cdté était piquetée
(scit environ 130 lignes de betteraves), Des pitges jaunes (144 au total)
ont été disposés selon quatre cercles concenirigques a 20, 28, 40 et 60 m
des betteraves radioactives. Celles-ci, chargées de colonies des deux
especes, ont été amendes au cenire de la parcelle le 20 juillet et le
licher des pucerons a eu lieu 2 11 h. Le relevé des pikges jaunes a été
effectué le jour méme entre 14 et 17 b ainsi que les 22, 23, 26, 27 et 28
juillet entre les m&mes heures, Les captures manuelles ont débuté le
21 juillet, les préldvements se faisant sur les 108, 20%, 30F... betiteraves
deg lignes paires de la moitié supérieure de la parcelle (voir fig.4). Le
22 juillet 1' autre moitié de la parcelle a été prospectée de la mé&me fagon.
Le 3% jour (23 juillet), les captures ont été faites sur les 11®, 21¢, 31®. ..
plantes des lignes centrales (lignes 49 & 80). De fortes pluies ont inter-
rompu les captures, qui ont ét& reprises le 26 juillet, soit apr¥s 8 jours
de dispersion, sur les 7%, 17°%, 27°... plantes des lignes impaires de la
partie supérieure; elles ont &té poursuivies le 27 juillet, selon le mé&me
schéma, dans la partie inférieure de la parcelle. Enfin, 1le 8% jour
(28 juillet), les capiures cont &té effectudes sur toutes les plantes d'un
carré central de 10 m: de cbté,

Les conditions climatiques de 1' été 1965 ont éié particulirement
inclémentes. Les observations météorologiques faites & Gembloux au
cours de la troisitme décade de juillet sont groupées dans le tableau IIL.

Les figures 5 et 6 reproduisent les anémogrammes (vitesse et
direction des vents) concernant la période envisagée (20-28 juillet 1963).
La figure 5 comprend, en outre, un profil des vitesses de vent établi
sur le ray-grass avoisinani le champ de betieraves.

Apteres

Le tableau IV donne la répariition des apitres capiurés en fonction
des distances auxquelles ils ont été reirocuvés par rapport aux plantes-
sources apres 1, 2 et 3 jours de dispersion.

Seuls trois Myzus persicee ont &té retrouvés h des distances inférieures
A 5 m, 3 jours aprés le licher. En ce qui concerne Aphis faboe, deux
individus ont été capturés respectivement 3 6 et 7 m de leur point de
départ, 1 jour apres le licher, deux autres ont été pris h 14 et 21 m
aprds 2 jours de dispersion, enfin trois autres apidres ont été localisés
B 6, 13 et 14 m au bout de 3 jours.
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FIiG. 4 Essais de 1965:schféma général de dispersion des aphides marqués captusés.

TABLEAU 1. OBSERVATIONS METEOROLOGIQUES FAITES A
GEMBLOUX {21-31 JUILLET 1965)

Radl.atmu solaire () Précipitations {mm) Humidité Température
Heures Moyeone Hsuteur Moyenne relative 2 moyenne
observées 1945-59 observée 1945-59 (%) sous=abj 2

{21-31 juil.) (1-81 juil. ) ()
44,25 70, 52 71,6 81,0 .9 15,7

3 Moyenne de trois observations faites 3 8, 14 ¢t 17 h.
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Profil de vitesses de vent {colculees sur 10 minutes)
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FIG. 5. Essais de 1965 : anémogrammes des 20, 21 et 22 juillet et profil des vitessesdevent du 20 juillet.

Les conditions climatiques défavorables dans lesquelles ont été
effectuées les captures n'ont pas permis de retrouver un plus grand
nombre d'individus. La capture de 12 aptéres au cours de cet essai
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Essais de 1965 : anémogrammes des 23-28 juillet.
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TABLEAU IV. REPARTITION DES APTERES MARQUES CAPTURES
APRES 1, 2 ET 3 JOURS DE DISPERSION EN FONCTION DE
L'EILLOIGNEMENT PAR RAPPORT AUX PLANTES-SOURCES

Essais de 1965

Distance Myzus persice Aphis fabae

(m) 1 jour 2 jours 3 jours 1 jour 2 jours 3 jours
0-5 - - 3 - - -
5~ 10 - - - 2 - 1
10 - 15 - - - - 1 2

> 15 - - - - 1 -

TABLEAU V. REPARTITION DES AILES MARQUES EN FONCTION
DE L'ELOIGNEMENT PAR RAPPORT AUX PLANTES-SOURCES

Distance Myzus persicae Aphis faba
(m) Jour de capture Jour de capture

o 1 2 38 6 7 8|0 1 2 3 6 17 8
0- 5 - - - - = - - |- - - 1 - 2 1
5-10 - - - I r - - -1 -
10 - 15 - - - - - - = 1I- - 1 1 -1 -
15 - 20 - - - - - - - 2 - - - - -
20 - 25 - - - - - - -~ 3 1 - - 4 -
25 - 30 - -y P) - - - YP- - - - -1 -
30 - 35 - - - - - = -~ - -1 - 1 -
35 - 40 - - - P) - - -] - -1 - - -
> 40 - - - - - - - f- T - - - - -

Total des ailés marqués 5 25

Total des captures 276 1017

P=captures dans un pidge jaune.

(9 Aphis fabae et 3 Myzus persicae) étaie cependant les observations

faites les deux années précédentes relatives 3 la grande mobilité des

deux especes. En outre, 7 individus (5 Aphis et 2 Myzus) ont été retrouvés
en dehors du secteur, des vents ayant soufflé au cours de 1'essai.

Ailés

Les captures effectuées du 20 au 28 juillet figurent dans le tableau V.
Trente aphides ont été capturés manuellement, 5 Myzus (dont 4 dans les
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pitges) et 25 Aphis (dont 1 dans un pi¢ge). Parmi les 30 ailés capturés,
10 (3 Myzus et 7 Aphis) 1' ont été en dehors du secteur, des vents ayant
soufflé au cours de la période envisagée (fig.4). Rappelons que ces vents
ont soufflé réguliérement du sud-ouest, avec des directions extrémes ne
dépassant pas le nord-ouest et le sud-sud- est, sinousne tenons pas compte
du vent tres faible qui a soufflé au cours de la nuit du 20 au 21 juillet.
Les ailés retrouvés dans des directions opposées ont probablement
volé k faible hauteur, au-dessus des plantes, et pendant les périodes
ol le vent était relativement calme. L'individu capturéle 20 juilletvers15h
dans le pitge 9 (Aphis fabae) a été retrouvé au sud-est de la parcelle, le
vent ayant soufflé du sud-ouest au sud-est entre le ldcher et la capture,
3 une vitesse oscillant entre 5 et 20 km/h 3 10 m de hauteur. (Le profil
des vitesses de vent de la figure 5 a été établi sur un gazon proche du
champ de betteraves.)

DISCUSSION

Myzus persicae a toujours été considéré comme un vecteur ires
mobile. Cependant, les distances parcourues indiquées par les auteurs
sont bien inférieures & celles que nous avons enregistrées. Rappelons que
c'est Davies [5] qui a attiré 1' attention sur la mobilité des formes apteres
de Myzus Eersmae dans un champ de pommes de terre et sur leur importance
dans la dissémination des viroses. En marquant les individus au bleu
d' aniline il put mettre en évidence des déplacements de 1'ordre de 7 yards
en 24 h. Le fait que Bjorling et al. [11] ne signale que des déplacements
limités (8,40 m en 8 jours) peut s'expliquer par un manque de sensibilité
de la méthode autoradiographique de détection. Ribbands [10], en partant
d'un nombre connu d' aptéres de Myzus persicae placés au centre d'une
parcelle de betteraves sucrieres non encore infestée, n'a pu mettre en
évidence que des déplacements relativement limités par suite, semble-t-il,
de la méthode d!' échantillonnage adoptée.

Pour Aphis fabae, la seule donnée concrete résulte de travaux de
Bjorling et al. [11]: 3,25 m en 8 jours.

Nos essais nous ont permi de mettre en évidence une mobilité beaucoup
plus grande, tant chez les aptéres d' Aphis fabae que chez ceux de Myzus
Eersmae (7 m en 24 h, en moyenne), la possibilité d'un transport par le
vent étant exclue. Il semble donc que 1'efficacité moindre des apteres
d' Aphis fabze soit due principalement au fait qu'il n'est pas un vecteur
de la jaunisse modérée de la betterave et que son efficacité de transmission
des autres viroses est moindre.

L' importance des ailés dans la dissémination rapprochée des viroses
ne peut cependant &tre nide. Elle a été supposée, des 1946, par Broadbent
[6]. Ribbands [10] lui-m&me leur attribue un rdle dans la dispersion
rapprochée des viroses de la betterave, bien que leur part d'intervention ne
soit pas connue. Shaw [17], étudiant le vol des ailés d' Aphis fabee,
distingue parmi ceux-ci, outre ceux quieffectuent un long vol migratoire
avant de se fixer et de se reproduire, des individus qui ne prennent leur
vol qu'apres avoir déposé uncertain nombre de larves et qui ont perdu,
de ce fait, une partie de leur énergie migratoire. Ces derniers inter-
viendraient, d'une fagon significative, dans la dispersion des viroses
A courte distance.

5*
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Le caractere actif de 1' envol a été étudié par Haine [18], alors que la
phase active du vol de Myzus persicae et d' Aphis fabze a fait 1' objet des
recherches de Mueller [19] et de Mueller et Unger [20, 21]. Ces auteurs
ont observé des vols actifs, contre des vents pouvant atteindre 2 m/s
(7,8 km/h). Malgré la densité relativement faible de nos &chantillonnages
en 1965, nous avons pu capturer un assez grand nombre d' ailés dans le
champ expérimental, dont un tiers se sont déplacés dans des directions
opposées aux vents. Nos captures semblent donc souligner le rdle des
ailés dans la'dispersion rapprochée des viroses et le caractere actif
de leur vol.
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DISCUSSION

H. MARCHART (Chairman): In dispersal studies one frequently finds
a dependence of migratory activity on the population density. Did you
observe an effect of this kind in your experiments?

A. RIGA: We were not able to investigate this effect, since we knew
neither the population density on the host-plants at the outset of the experi-
ment nor the ratio of individuals of the two species on these plants.
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W.J. KLOFT: Overpopulation of host-plants by aphids often results
in migration; we observed this causal relation in the laboratory and in
the field. In such cases winged as well as wingless aphids, and even
larvae, may be observed 'walking' out. Your interestingresults clearly
demonstrate the great significance of migration in the dispersal of
virus-carrying aphids. Our own observations are in close agreement.

A. RIGA: Occurrence of winged aphids in our experiments was
probably a consequence of what is called the ' group effect', leading to the
migration we observed in the field when the cloth covering the hosts was
removed. We did not note whether the winged aphids walked or flew.
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Abstract

EFFECTS OF IRRADIATION ON INSECT HOST-PARASITE RELATIONSHIP, Effects of host irradiation
on the development of its parasite were investigated. Females of Bracon brevicornis readily accepted
irradiated larvae of the wax moth (Galleria mellonella) and rice moth (Corcyra cephalonica) for oviposition,
However, irradiated wax moth larvae adversely influenced the viability of eggs laid on them and also
the survival of the parasite grubs feeding on their bodies. The female grubs were affected more than the
males, Rice moth larvae, on the other hand, exerted no significant influence on the viability of parasite
eggs, but adversely affected the survival of the grubs, The progeny of parents that had been reared on
irradiated larvae also exhibited some developmental changes although grown on non-irradiated host
larvae, and these changes were more pronounced when G. mellonella was used as the host insect.

1. INTRODUCTION

Accelerated mass production of entomophagous insects is often
necessary for inundation releases to correct any upset in the natural
parasite-host balance. Propagation of entomophagous insects involves
three closely interrelated organisms: the entomophagous species, its
host, and the host-plant or food substrate. The success of a breeding
programme is therefore a matter of synchronizing three life cycles, i.e.
the plant, the phytophagous insect and the entomophagous species. In
the propagation of an ectoparasite, acontinuous supply of the particular
developmental stage of the host insect required for parasite development
is sometimes difficult to maintain because of the inherent biological
peculiarities of the host insect.

Radiations were shown to prolong the development of insects, to
inhibit pupation and to increase adult longevity [1-4]. One could take
advantage of these facts to ensure a continued supply of the host for mass
multiplication of the parasite. However, it was thought pertinent to
ascertain the influence of the irradiated host on the development of its
parasite. Investigations were therefore carried out on the development
of a braconid parasite on two different hosts.

2. MATERIALS AND METHODS

A braconid parasite, Bracon brevicornis (Hymenoptera), and its two
lepidopterous laboratory hosts, the rice moth (Corcyra cephalonica)
and the wax moth (Galleria mellonella), were taken from laboratory
cultures and utilized in these investigations. The larvae of the rice moths
were reared on crushed sorghum containing 5% yeast and those of the wax
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moths on a medium containing four parts each of broken wheat and wheat
bran and one part each of yeast, milk powder, honey and glycerine.

To study the development of the parasite on irradiated host larvae, ten
pairs of freshly emerged male and female adult parasites were caged in
a glass jar and provided with 30 wax moth larvae which had previously
been subjected to a gamma irradiation dose of 40 krad. A second group
of ten pairs was supplied with unirradiated host larvae for parasitization
and served as control. After a lapse of 24 hours, the parasitized larvae
were removed and the parasite eggs collected, counted and replaced on
the same host larvae for further development. The parasite grubs fed
on the body fluids of the host larvae and, when fully grown, pupated. The
sex of the adults was determined on their emergence. From these adults
ten pairs were selected in random fashion and kept singly in glass vials,
each of which contained two drops of 10% honey-water for use as food.
Each pair was provided daily with four unirradiated host larvae for
oviposition. Observations on the daily egg laying by each female and
the subsequent development of the eggs to the adult stage were recorded.
In another experiment the same procedures were repeated with the
larvae of C. cephalonica as the host insect.

3. RESULTS

When the females were allowed to parasitize wax moth larvae, no
significant difference in their acceptance of irradiated and non-irradiated
host larvae was observed. However, the viability of the eggs laid on
irradiated hosts seemed adversely affected (Table I). The grubs feeding
on irradiated host larvae were similarly influenced, only 55. 3% success-
fully completing their development up to the adult stage, in contrast-to
73.03% of the grubs grown on normal hosts. This difference in growth
characteristics on the two host media was statistically significant. The
sex ratio (male : female) of adults which developed from grubs feeding on
irradiated larvae was also significantly reduced as compared with that
of the control insects.

TABLE I. DEVELOPMENT OF B. brevicornis WITH G, mellonella
AS HOST INSECT

Irradiated host Non-irradiated host
Total number of eggs 974 935
laid by 10 parasite
females in 24 hours
Per cent viability of 66.83 75.43
eggs
Per cent larvae becoming 55,30 73.03
adults
Sex-ratio(male: female) 1:0.69 1:1.106
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TABLE II. DEVELOPMENTAL CHARACTERISTICS OF THE
PROGENY OF PARENTS REARED ON G, mellonella LARVAE

Parents reared on
Irradiated host Non-irradiated host
Fecundity 629, 9 698.9
Per cent successful 63.9 66. 06
completion of development
from egg to adult
Sex-ratio (male: female) 1: 0.299 1: 0. 5665

TABLE IlIl. DEVELOPMENT OF B. brevicornis WITH
C. cephalonica AS HOST INSECT

Irradiated host Non-irradiated host
Total number of eggs laid 274 323
by 10 parasite females in
24 hours
Per cent eggs viable 86,12 84.84
Per cent larvae becoming 77.56 95,61
adults
Sex-ratio (male: female) 1:1.011 1:1.063

Progeny of parents reared on irradiated larvae also exhibited some
developmental changes although grown on normal host larvae (Table II).
This was evident from the fact that only 63. 9% of the eggs laid by females
reared on irradiated host larvae developed into adults, whereas 66. 06%
of the eggs from females reared on normal host larvae completed
development into the adult stage. A prepondarance of males in the progeny
of parents reared on irradiated hosts was also observed.

Unlike G. mellonella, the irradiated larvae of C. cephalonica exerted
no influence on the viability of the eggs laid on them by normal females
(Table III). However, the parasite grubs feeding on the body fluids of
irradiated larvae showed considerable mortality. The reduction in the
number of grubs successfully developing on irradiated hosts was
statistically significant when compared with the number developing on
normal host larvae., The progeny of parents reared on irradiated larvae
of C. cephalonica showed no developmental abnormalities (Table IV).

4. DISCUSSION

The adverse effect on the development of the parasite reared on
irradiated wax moth larvae indicated a change in the suitability of the
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TABLE IV. DEVELOPMENTAL CHARACTERISTICS OF THE
PROGENY OF PARENTS REARED ON C. cephalonica LARVAE

Parents reared on
Irradiated host Non-irradiated host
Fecundity 493. 6 425,1
Per cent successful 64,03 62, 38
completion of development
from egg to adult
Sex-ratio (male : female) 1: 0. 4158 1: 0.3923

host insect. Physiological changes in insects following irradiation were
reported by many workers. Differences in the haemolymph protein
fraction between irradiated and control Ephestia larvae were observed
[5]. Kritskii and Chiwei [6] reported a considerable fall in adenosine
triphosphate content and activation of autolysis immediately following
irradiation of the bee moth (Gallfria mellonella) larvae with 2 krad. A
delay in pupation of X-irradiated Drosphila melanogaster larvae was
noticed by Bourgin et al. [7], who suggested that the radiation effect was
an abnormal phase between normal and actual pupation, and during this
phase a loss in the weight of the larvae with a greatly reduced growth rate
of fat bodies took place.

The effect of radiation induced physiological changes in the host was
more pronounced on the post-embryonic development of the parasite. The
significant decrease in the male-to-female ratio amongst adults developing
on irradiated host larvae (G. mellonella) indicated that the female parasite
grubs suffered greater mortality while feeding on body fluids of the
irradiated host larvae. This could be the result of differential nutritional
requirements, both qualitative and quantitative, of the male and the female
parasite grubs. No experimental evidence in support of the existence of
such a nutritional dimorphism was found in the radiation literature.
However, the existence of such a phenomenon was demonstrated in parasitic
Hymenoptera. In Coccophagus cowperi the host species supporting
development of male and female grubs are different [8]. In Encarsia spp.,
eggs developing into males were deposited endoparasitically in lepidopterous
hosts, and those developing into females in homopterous hosts [9].

The physiological changes in the host not only affect the development

of the parasite, but also that of the progeny, even when the latter are
allowed to develop onnormal hosts. This adverse effect on the progeny
could be the result of inadequate nutrition of the parents. Flanders [10],
while studying the effects of cold storage on the parasitic Hymenoptera,
observed that: ''the metabolic activity during the mature larval or pupal
periods is dependent on nutritive materials accumulated in the body during
the immature larval stages. The organs most likely to be affected by
insufficient nutrition are those used in reproduction, with the result

that the germ cells are adversely affected, and the spermatczoa in
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particular lack vitality. " In B. brevicornis unfertilized eggs develop

into males and fertilized ones into females. The preponderance of males
in the progeny of parents reared on irradiated host larvae could be due
to the poor vitality of sperms, with the resulting reduction in the number
of fertilized eggs laid.

The developmental changes suffered by the parasite growing on
irradiated rice moth larvae were less pronounced compared with those
occurring when wax moth larvae were used as hosts. This could be
attributed to the differential radiosensitivity of these two host species.

A dose of 15 krad prevented pupation of the wax moth larvae, whereas a
dose of 40 krad was required to produce the same degree of inhibition

in the case of the rice moth (Rahalkar, unpublished data). Whitimrg [11]
oberved no mutagenic or lethal effects on the parasite Habrobracon
reared on heavily irradiated Ephestia larvae. This could be due to the
higher tolerance of this insect to radiation. When full-grown E. kuhniella
larvae were X-irradiated with doses ranging from 40 to 160 krad, 23. 16%
of the larvae were alive 30 fo 40 days after irradiation [12]. It was
concluded that irradiation of the host insect greatly influences the develop-
ment of the parasite and also that of its progeny in such a manner that
irradiation of a host insect is of doubtful value in modifying the
development of the host insect to suit the requirements of the parasite.
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DISCUSSION

V. LABEYRIE: Do not the differences in your results for the wax
moth (G. melionella) and the rice moth (C. cephalonica) arise from the
fact that in unirradiated mellonella the embryonic mortality is already
higher than in unirradiated cephalonica, so that it could be assumed that
while cephalonica is a favourable host, mellonella is not, and any further
deterioration in the conditions has fatal results?

G. W. RAHALKAR: The wax moth and the rice moth appear to be
equally suitable hosts for the development of this parasite. The difference
in percentage viability of eggs laid on unirradiated larvae of these two
moths can be ascribed to natural variation influenced by environmental
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factors. The two main experiments were performed at different times
and these two controls cannot therefore be directly compared.

V. LABEYRIE: Is the variation greater for isolated females on
irradiated larvae?

G.W. RAHALKAR: This variation is not significantly large.

P. PELEGRIN: Does the 40-krad dose given to the host cause its
death or simply arrest its development?

G.W. RAHALKAR: In the case of the rice moth, pupation was
inhibited abovq doses of 40 krad, but irradiated larvae survived for a
considerable period. In the case of the wax moth the larval mortality
curve climbs rapidly.



INVASION OF CONIFER PLANTATIONS
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Abstract

INVASION OF CONIFER PLANTATIONS BY RADIOACTIVELY LABELLED Hylobius abietis L.
Hylobius abietis L. weevils, radioactively labelled by dipping into solutions containing 46Sc, were
released around two model areas representing recently cleared cutting areas freshly planted with Norway
spruce. Half of the weevils released around one model area were also labelled with different colour
marks, The invasion, of both the natural Hylobius population and the released labelled weevils, was
studied by making repeated inspections of attractant pine billets evenly distributed over the experimental
areas. At certain intervals the spruce plants on the areas were inspected for feeding marks to evaluate
the progress of the attack.

The greatest number of labelled weevils, amounting to 18% of those released, was found in one
experimental area one day after release. In this area, successively diminishing numbers of weevils
found at the billets (both labelled weevils and natural population) and an increasing degree of feeding
on the plants indicated that the weevils did not leave the plantation but changed their behaviour. The
weevils often dug into the soil, which was proved by measurements of ground radioactivity at billets and
stumps. In the other area, which had richer vegetation, only small changes in numbers occurred.

In all inspections, most of the labelled weevils were found near the border of the experimental area,
but the percentage of weevils in the middle of the area increased slowly. One day after release the
greatest distance a radioactively-plus-colour-labelled beetle had moved into the area was 34 m, while
the average distance was only 4.15 m, There were no significant differences in the speed of invasion from
different directions into the plantation. From the results and observations it can be concluded that most
or all released weevils invaded the plantations by crawling, and not by flying,

The natural populations invaded one experimental area slowly from the borders, and the other area
faster and more evenly distributed. Accordingly, the distribution of damage by feeding was uneven in one
area and comparatively even in the other.

One practical consequence of this study is the recommendation that plant protection measures be
concentrated on the borders of conifer plantations. Even plants in the central area of plantations should
be protected. Concentrations of weevil-attracting materials, such as attractant insecticide traps, should
be avoided in the centres of plantations.

1. INTRODUCTION

The weevil, Hylobius abietis L., causes considerable damage in
European conifer plantations by feeding on the young plants. There are
various methods of preventing such damage: keeping the weevils away
from the plantations (reforestation several years after clear cutting,
diminution of beetle population, trap ditches), protecting the plants by
insecticides (treatment before planting or in the plantations) or con-
trolling the weevils in the plantations (traps, insecticide-treated billets,
total insecticide treatment of plantation). For more than 15 years
synthetic insecticides have been used successfully; nevertheless the
problem of Hylobius control is not completely solved and requires
greater knowledge of the ecology and the behaviour of the species.
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Young conifer plants on fresh clear-cutting areas where there are
stumps and other remains of conifer trees are particularly susceptible
to attack by Hylobius. These plantations are invaded in spring by
Hylobius weevils from the vicinity, which feed on the plants and lay
their eggs on the stumps. The invasion of weevils into the plantations
and the distribution of their feeding in the plantation have hitherto been
studied systematically only to a limited degree. Invasion and feeding,
however, are closely connected with the problem of control.

Temperature, humidity (of air and soil) and vegetation influence the
appearance of the weevils, their activities and feeding [1-3]. Schmidt [3]
studied the migrations in experiments with fed, colour-marked weevils.
The beetles can fly rather long distances, but, on the other hand, the
trap ditch control method is based on the fact that the weevils often invade
the plantations by crawling on the ground. They prefer to stay under
fresh conifer bark, but later leave it [4] and enter the soil for oviposition.

In 1966 and 1967 we conducted experiments to clarify the answers to
the following questions:

In what way do weevils entering a plantation from its borders disperse
over the area, and what is the time sequence of the invasion?

Do the weevils prefer certain directions of invasion?

Are there differences between the manner of invasion of beetles
starting close to the area and that of beetles coming from a greater
distance?

When and to what extent do the weevils enter the soil?

What is the time sequence and the spatial distribution of feeding on
the plants?

The beetles were released at the borders of the experimental areas
and were labelled so that they could be distinguished from the natural
Hylobius population. For several reasons, labelling with a y-ray
emitting radioisotope was chosen: fast and easy labelling, no effect
on the behaviour of the insects, easy detection, and detection of weevils
under the soil surface. The experimental areas were laid out as model
areas, because conditions in plantations on natural clear-cutting areas
usually vary in the distribution of stumps and vegetation in such a manner
that it is difficult to analyse and generalize the results.

2. BXPERIMENTAL METHODS

2.1. Experimental areas

The experimental areas were rectangles measuring 80 m X 96 m.
They were situated in forest districts in central Sweden and were sur-
rounded on three sides by uniform forests. No conifer trees had been
felled within a distance of at least 2 km from the areas for more than
one year before the experiments. This eliminated other sources of
attraction for the weevils. The areas were farm land with uniform weed
vegetation. The experimental area used in 1966 (VArmland) had moist
clayey soil with thick weed vegetation; the experimental area in 1967
(Ostergdtland) had dry sandy soil with poor vegetation. The areas were
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planted with Norway spruce in spaces of 2 mX 2 m and 50-cm freshly cut
pine billets were laid out on the ground in spaces of 4 mX 4 m. Cuttings
of pine trunks, 50 cm long and 12-15 c¢m in diameter, were put vertically
into the ground in spaces of 8 mX 8 m. They protruded 15 cm above the
surface and represented artificial stumps.

In this way every model area of 0.77 ha had 120 stumps, 480 pine
billets and 1920 spruce plants evenly distributed over the area.

2.2. Labelling and release of weevils

The weevils were collected in sawmills at the beginning of June and
kept cool and without food until labelling.

In preliminary experiments with 6Co solution (2.5 uCi/ml) weevils
were labelled by dipping them into the solution and by feeding them on
pine bark treated with radioactive solution. After several weeks in cages,
both groups of weevils behaved normally and were sufficiently radioactive.
After being rinsed thoroughly in water, the dipped weevils lost more
radioactivity than those labelled with radioactive food. Nevertheless, the
dipping method was chosen for the field experiments, because the released
weevils were to be hungry.

Because of its shorter half-life 46Sc was used instead of %0Co. The
dipping solutions contained 46ScCl,, with HyO and 20% alcohol as a wetting
agent. The specific activity was 14.4 uCi/ml in the 1966 experiment and
44.8 uCi/ml in 1967. Dipping was performed in the open air near the
experimental areas. The dipping solution was in a pit in the ground. The
operator was shielded by a soil embankment and lead bricks, viewed the
solution in a mirror and manipulated with rods and clamps. Small,
perforated PVC bottles, each containing 88 weevils, were dipped into
the radioactive solution and then put aside to dry. Each bottle was used
only once. On both 11 June 1966 and 13 June 1967, 3872 weevils were
labelled radioactively and released at equal distances on the borders
of the experimental areas. Dipping and release took less than four hours.

1760 of the weevils released in 1967 were labelled with different
colours on the elyira before radioactive labelling. Four groups of 440
weevils each were labelled with four different colours and released on
each of the four sides of the experimental area. Thus each side had
Hylobius with a certain colour. In three cages near the experimental
area used in 1967, untreated, radioactively labelled and radioactively-
plus-colour-labelled weevils were kept for comparison.

2.3. Inspections

The experiments were inspected at intervals until August, the purpose
of the inspections being to examine the presence of labelled and unlabelled
weevils and of radioactivity at the pine billets and artificial stumps. The
radioactivity was determined with a scintillation counter and GM counters.
Random samples were taken inside and outside the area to determine the
presence of weevils and radioactivity on the plants. The extent of feeding
on every plant was rated from 0 to 5.

In later inspections the damage by feeding and the breeding on the
stumps were studied.



78 EIDMANN

3. RESULTS

3.1. Radioactivity and survival of weevils

In the 1967 experiment the radioactivity of one weevil one day after
labelling was, on the average, about 0.1 uCi. It decreased rather rapidly,
and five days after labelling amounted to only about 50%, and after 2 months
(caged weevils) about 7%. Inthe 1966 experiment the radioactivity was
lower than in 1967,

The decrease of radioactivity was caused by the radioactive decay
of %S¢ and by the radioactive layer being rubbed off the bodies of the
insects. The importance of rubbing off was proved by two results of the
experiments:

(1) The soil under the pine billets and at the stumps often showed con-
siderable radioactivity (see section 3.2).

(2) Inthe cages 2 months after labelling the dead weevils had a signifi-
cantly higher radioactivity than the live Hylobius.

No obvious differences between the degree of survival of untreated,
radioactively-labelled weevils and that of radioactively-plus-colour-
labelled weevils in the cages were observed. In the experimental area,
there was no great difference between the presence of radioactively-
labelled weevils and that of radioactively-plus-colour-labelled weevils.

3.2. Time sequence of weevil appearance

In both experiments radioactivity in the soil was already observed
one day after release of the weevils. It was thus apparent that the
weevils soon entered the soil, also at the stumps. The number of places

with radioactivity in the soil gradually increased. Radioactivity in the
soil does not imply the presence of a labelled weevil; in many places
examined no beetles were found. The weevils had apparently left these
places, but lost some of the radioactive layer on their bodies by friction
with soil particles (see section 3.1).

The number of labelled weevils found in one inspection in the 1966
experiment did not exceed 0.7% of the beetles released. Therefore, the
time sequence for the weevil appearance could not be analysed. In the
1967 experiment, however, 18% of the labelled weevils were found in the
experimental area one day after their release. This was the highest
number of labelled weevils found. The number of radioactive weevils
found in this area later diminished successively (Fig.1).

The unlabelled weevils of the natural population invading the experi-
mental area in 1967 reached their greatest number at the billets before
the release of labelled weevils. They then decreased at a rate resembling
that of the labelled ones (Fig.1). It may thus be concluded that labelled
and unlabelled weevils behaved in the same way. The decrease of weevils
found at the billets does not mean that the beetles left the area. The
continuous increase of feeding in the area (see section 3.4 and Fig. 2)
refutes this; a change in the behaviour of the weevils is more probable.

In the 1966 experiments there was no such change in behaviour. The
number of unlabelled weevils varied, but irregularly and without the
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FIG.1. Experimental area, 1967 :mean number of unlabelled (Wildpop) and labelled (Rad) Hylobius
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FIG.2. Experimental area, 1967: mean degree of feeding per spruce plant at different times during
the season.

marked decrease shown in Fig.1. This is seen from the following extract
from the protocols:

Date of inspection 16.6.66. 19.6.66. 22.6.66. 27.7.66
Number Hylobius /billet 0.29 0.20 0.41 0.23

In 1966 the maximum number of unlabelled weevils found in one inspection
was considerably lower than in 1967.

The different behaviour of the weevils was probably connected with

differences in soil, vegetation, and local and microclimate between the
two experimental areas.

3.3. Spatial distribution of weevils

The labelled weevils began to invade the experimental areas shortly
after release. Single weevils soon reached the middle of the area, but
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the majority advanced slowly. In all inspections, considerably more
radicactive Hylobius were found in the outer regions of the experimental
areas than in the centre. Later, however, there was an increase in the
proportion of labelled weevils that advanced further into the areas. The
examples inFigs 3-5 illustrate this progress.
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FIG.3. Experimental area, 1966:spatial distribution of labelled weevils on 16 June (left) and 19 June (right).
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FIG.4. Experimental area, 1967: spatial distribution of labelled weevils on 14 June.



SM-102/9 81

N

o e °, . . . o« e

L] L]

% . b ®e “e

. . .

b . . - b

. ee

'. - o - -
W :-: . . L4 c:.- E

. . .::.

i . L] . . .l.

.o o0

. s . . b

- . L] - . S

® o @

. . - . L]

L] L]

e t. e . . . s

- . . L] . -

b e * * . . . ..
. e * LN °° . . ::
« o R LN

Alsebo, 17.6.67. s 0 5 10 15 20m

FIG. 5. Experimental area, 1967: spatial distribution of labelled weevils on 17 June.

The radioactively-plus-colour-labelled weevils in the 1967 experi-
ment gave more exact information on the speed of invasion. For every
colour-labelled Hylobius found in the area, the shortest distance to the
line of release for the respective colour was determined. One day after
release one weevil had already advanced at least 34 m. The greatest
distance was 90 m (13 days after release). On the other hand, the mean
minimum distance increased with time, but was considerably lower
(Fig.6). The speed and distance of invasion of colour-labelled weevils
was about the same for the different directions of invasion.

The unlabelled weevils of the two natural populations differed, not
only as regards the time sequence (see section 3.2), but also in their
spatial distribution in the two experimental areas. In the 1966 experi-
ment, the inspections made in June revealed many more beetles in the
outer regions than in the centre of the area. At the end of July, however,
there were no longer any distinct differences between the outer and inner
regions (Fig.7). In the 1967 experiment, the unlabelled weevils were
relatively evenly distributed over the area.

3.4. Progress and distribution of feeding

In both experimental areas, the mean degree of feeding per plant
increased after the middle of June and continued to increase until the
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FIG.7. Experimental area, 1966: mean number of unlabelled weevils per billet at different distances
from the border of the area.
4 inspection dates: 1 =16 June 3 =22 June

2 =19 June 4 =27 July

beginning of August (Fig.2). Both the number of attacked plants and
the extent of feeding on the single plants increased.

As a result of the differences in spatial distribution of the weevils
(section 3.3),. there were also differences in the spatial distribution
of feeding between the two experimental areas. In the 1966 experimental
area, the degree of feeding decreased with increasing distance (Fig.8).
Thus the later, more random distribution of weevils did not result in
a random distribution of feeding damage towards the end of the season.
In the 1967 experimental area, however, the plants in the outer parts
were somewhat more heavily attacked than those in the centre, but only
by the middle of June. The outer parts had a higher percentage of
attacked plants and a higher mean degree of feeding per plant. Later
in the season, feeding was distributed at random.

6*
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FIG.8. Experimental area, 1966: Mean degree of feeding per spruce plant at different distances from
the border of the area.
5 inspection dates: 1 = 13/14 June 4 = 22 June
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3.5. Spatial distribution of Hylobius larvae

In the autumn of 1966 the mean number of Hylobius larvae for the
whole area was observed to be 20. 8 larvae per stump. Neither differences
in the number of larvae in different parts of the area nor differences in
the speed of development were noted. Thus either the weevils dispersed
evenly over the area for oviposition or — more probably ~ the limited
number of breeding places resulted in complete utilization of the stumps
irrespective of differences in density within the weevil population. The
inspection of stumps in the 1967 experimental area has not yet been con-
cluded, but it is not expected that differences will occur.

4. DISCUSSION

The course of Hylobius invasions and the distribution of weevils and
feeding damage depend on local conditions such as the surroundings of
the plantation, soil, vegetation, and the local and microclimate. This
was demonstrated by the experiments, which answered the questions
listed in the introduction.

Weevils close to the borders of a plantation invaded the area slowly
and were for some time unevenly distributed in the plantation. During
this time the density of the weevils decreased from the borders to the
centre. Apparently the insects moved mainly or exclusively by crawling.

These weevils obviously did not prefer certain directions of invasion
occasioned by compass direction, prevailing wind or the slope of the
ground.
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Weevils arriving at a plantation from a greater distance might
invade the area slowly in the same way as weevils starting close to the
borders. On the other hand, they might invade the area rapidly and in
a short time disperse at random. It is an open question whether such
rapidly invading weevils also moved by crawling or whether they flew
into the area.

The weevils entered the soil at any time and could leave the soil to
move to other places.

Feeding began (in central Sweden) in June and continued until August.
The absence of weevils at attracting billets did not imply that they had
left the area. They were capable of changing their behaviour and choosing
other places.

The spatial distribution of feeding depended on the distribution of
weevils. Plantations attacked by slowly invading weevils suffered the
heaviest feeding damage in the outer areas. If the weevils invaded
rapidly, the feeding was more randomly distributed in the area.

The following practical conclusions were drawn from the results:

Control measures to protect conifer plantations against Hylobius
attack should be concentrated in the outer areas of the plantations.

Plants in the centre of plantations also need protection, because
weevils might invade the area rapidly and cannot be stopped near the
border.

Concentrations of weevil-attracting material in the inner regions of
plantations should be avoided.

Attractant weevil traps in the inner parts of plantations would be
unsatisfactory as the sole means of control.
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DISCUSSION

W.F. BALDWIN: I should like to mention that in 1958 Sullivan et al.
in Canada reported on a one-year field study of white pine weevils
labelled with 6°Co. In contrast to the present study, the insects were
labelled with 75 uCi of 8%Co, and the authors found that such a dose had
no significant effect on the degree of survival.

H.H. EIDMANN: Unfortunately, securily regulations in Sweden do
not allow us to use these high activities in the field.
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Abstract

CORRELATIONS, INTERACTIONS AND{ DIFFERENCES BETWEEN RADIATION EFFECTS ON
LONGEVITY AND NATURAL AGING. The non-genetic overall radiation response of insects is expressed
by the fitness components "developmental rate’ and *adult lifespan’, and is hence related to natural aging,

Based on Drosophila, with additional remarks on other insects, the paper demonstrates that, in the
developmental stages, ionizing radiation affects the differentiation processes. Distinct sensitive phases are
apparent for the induction of different injuries, as are effective phases during wnich the damage exhibits
its lethal action. With increasing differentiation, the radiatjon sensitivity decreases. The primary biological
damage is, at least in part, some kind of somatic mutation.

A review of adult irradiation response is also based on Drosophila. At least two different types of
induced mortality are evident. Type 1 occurs early after irradiation with high doses. It is probably due
to central nervous injury and is a common effect in insecis, as is indicated by a comparison of various
species. Type 2 is a more delayed death at median and low doses, It is of different appearance in various
insects, and this heterogeneity is even seen within one species. Thus, sterilizing Drosophila fernales may
result in a considerable prolongation or in a drastic reduction of lifespan.

Experimental evidence is found in Drosophila against the *induced aging' hypothesis of radiation death.
Type 1 mortality increases with increasing age at exposure. The amount of the increase in sensitivity
depends indirectly on biological age. Both of these paramerters are fixed by genotype, as is the mode of
interaction between them, Type 2 mortality follows an initial latent period within an *induced mortality*
period. The latter lasts always the same time, independently of age at uradiation. The latent period,
however, is shortened in general with increasing age at exposure. This effect seems to depend on metabolic
properties rather than on aging itself, as is indicated especially by a prolongation in early adult life.

1. INTRODUCTION

The biological efficiency of the single organism as well as of a
population is expressed by its fitness. Hence, the overall radiation
response of living systems may be measured by means of fitness
components, The non-genetic radiation effects are restricted, then, to
those components of fitness involved in the life cycle of a single specimen,
In insects, these are mainly reproductive capacity, developmental rate,
and adult lifespan. The reproductive capacity is affected mainly by
dominant lethals induced in the germ cells and also by lethal effects on
the trophocytes [1-6]. The other two fitness components are related to
'aging'. The developmental rate reflects the preadult differentiation or
aging processes in a wider sense., The adult lifespan reflects natural
aging sensu stricto. Hence, the radiation effects on both of them, and
thus the overall non-genetic radiation responses of insects, are covered
by the topic 'correlations, interactions and differences between radiation
effects on longevity and natural aging'.

87
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2. RADIATION EFFECTS ON DEVELOPMENTAL STAGES

The sensitivities of the various developmental stages to ionizing
radiations are rather simply measured by survival to adulthood. The
LDjs, emergence in Drosophila melanogaster clearly depends on the stage
irradiated (Fig.1). It increases from 400 R during cleavage to more than
40000 R after exposure of pupae. These differences up to a factor of 100
were described in 1927 by Mavor [13]. They are the same in other insects
as in Drosophila. For example, the same sensitivity pattern as described
in Fig.1 was found in Habrobracon [14-16], in Dacus and in Ceratitis
species [17] and in Anastrepha [18]. On the other hand, the radiation
sensitivity in the various developmental stages of Drosophila is constant
if measured by means of a single type of cell, the spermatogonia, and by
one effect only, the induction of sex-linked recessive lethals (Fig. 1).
Therefore, during embryonic, larval and pupal development, it is not
only the radiation sensitivity of the whole organism which decreases, but
also that of certain cells or cell groups which, in addition, may change in
their importance for the overall radiation response. Hence, there are
sensitive phases for the induction of a special insult, and effective phases
during which the injury becomes visible when the affected system is
needed to complete development. :
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FIG.1. LDsy-emergence after X-irradiation of different developmental stages of Drosophila melanogaster
(at 25°C). LDj, data after Fritz-Niggli (7-9), Wurgler (10), and own unpublished results; mutation rates
after Khishin (11) and (adults) Auerbach (12).
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TABLE 1. DIFFERENT TYPES OF MORTALITY AFTER X-RAYING 1.75 HOURS OLD EM-
BRYOS OF DROSOPHILA WITH DIFFERENT DOSES. - Data from FRITZ-NIGGLI (7) and
STEENBECK (19)

dose in R total mortality frequencies of the different types within total mortality
immediaie death early death laie death
8, 000 100 % 50 % 50 % -
400 90 % - 95 % : 5%
200 65 % - 60 % 40 %
100 20 % - 20 % 80 %

Different effective or lethal phases indicate different lethal effects
during development. These effects may change with increasing dose.
A lethal injury with a late effective phase induced at low doses will be
surpassed by another one with an early effective phase induced at the
same developmental stage at a higher dose level. Thus, X-irradiating
early blastoderm stages of Drosophila resulted in at least three different
lethal phases depending on dose (Table I). Of these, the 'immediate death’
just after exposure seemed to indicate the complete breakdown of dividing
cells. The 'early death' occurred until gastrulation. The interpretation
that it was due to the impossibility to initiate gastrulation was confirmed
by Fritz-Niggli [8]. Even at the LDgy hatching she found no early death
after the beginning of pregastrular cell movements at an age of three
hours: early type mortality after exposure of 2.5, 3, and over 3-hour-old
embryos was 90%, 5% and 0%, respectively. Hence, the sensitive phase
for the induction of damage with an effective lethal phase during the early
gastrulation ends with the beginning of the latter. In other cases, some
time elapsed between the two phases. Thus, the 'late death' was due to
damage in the developing larval organs, which predominantly involved
the hypodermis, especially that of the mouth region, and the
musculature [8,9]. After the differentiation of larval organs was
completed, the sensitive phase for the induction of the above damage
ended at 7 hours (Fig.1). Killing older embryos before hatching required
doses of several thousand R, but the effective lethal phase for the damage
induced before an age of 7 hours was not reached until hatching, which
normally occurred at 22 hours. Once the differentiation of the larval
organs was completed, embryonic development and larval life seemed no
longer affected at doses below the LD;y, emergence range. Instead, in
these stages differentiation and development of the imaginal discs was
affected. Again, distinct sensitive and effective phases were found.

The sensitive phases were interpreted as stages of high gene
action [9]. This point of view was confirmed by radiation-induced
phenocopies — modifications copying the phenotypes of mutants. They
were inducible at sensitive phases thought to represent those develop-
mental stages at which the genes in question normally become active.
For example, the mutant Dichaete of D. melanogaster had dorsocentral
bristles reduced in number and the wings extended to 45° from the body
axis. Fritz-Niggli [20] saw the same malformations in up to 100% of
the surviving flies after irradiation of 5-hour old prepupae. They were
not found after exposure of larvae or of older pupae. The question arises
whether one of the primary radiation effects is some kind of somatic
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mutation. These were investigated by Patterson [23] in 1929, and recently
in several genetic [24] and cylogenetic [25] studies. The idea of their
lethal action on developmental stages was strengthened by some findings
in Drosophila. According to Ulrich [26], in the young embryo the
nucleated part of the egg is 182 times as sensitive as the cytoplasm.
Wiirgler [10] found that during cleavage the relatively lowest sensitivity
appeared in the interphase stages (Fig.1). Several authors showed by
mearns of special genetic stocks that the lethal radiation effects induced

in larvae were: "almost exclusively due to chromosome breakage followed
by chromosome loss, cellular damage or death resulting whenever a
portion of the genome was no longer represented in at least haploid
condition" (Ostertag [27]).

Hence, in the developmental stages of insects, somatic mutations,
radiation-induced predominantly during mitotic divisions, result in death
until emergence or in modifications visible in the adults. One rather
unspecific group of such modifications is the shortening of adult lifespan
(Table IT), which depends on the developmental stage exposed and on the
dose. Since in the adult insect differentiation is completed and mitotic
activity has ceased in the somatic tissues, a quite different radiation
response should be expected when the 'aging' adult insect is exposed.

TABLE II. EFFECTS OF X-IRRADIATING DEVELOPMENTAL STAGES OF HABROBRACON
JUGLANDIS WITH DIFFERENT DOSES ON MEAN ADULT LIFESPAN (M). - Data from
CLARK (21) and ERDMAN (22)

Embryos (males) Larvae (females) white Pupae (females)
dose in R M dose in R M dose in R M
600 23 days 0 28 days 0 29 days

900 16 days 1,000 24 days 5, 000 22 days

1, 200 14 days 2,000 11 days 10, 000 12 days
1,500 8 days 3, 000 6 days 15, 000 10 days

3. RADIATION EFFECTS ON YOUNG ADULTS

The induced reduction of mean lifespan after irradiation of adult
D. melanogaster males and females with various doses is shown in Fig. 2.
The dose-action relationships indicate a much lower radiosensitivity of
adults compared with that of the developmental stages. These relationships
were linear, but consisted of two parts, separated by a steepening. Each
part was believed to indicate at least one type of mortality. The early
death, found at high doses, is called 'type 1 mortality’ in this paper. The
more delayed death is called 'type 2 mortality'. The dose-action part of
the latter was interrupted in females by a considerable prolongation of
lifespan. -

3.1. Type 1 mortality

A change in the type of mortality at high doses was confirmed (Fig. 3).
The accumulated mortality rates after irradiation of Drosophila females
with different doses are here given on a probability scale. A Gauss
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FIG.2. Mean survival times in days after X-irradiation of D, melanogaster males and females with
different doses. After Nothel (28).
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FIG.3. Accumulated mortality rates as a function of time after X-irradiation of D. melanogaster females
with high doses. Data after Nothel (28).

distribution of percentage accumulated mortality resulted in a linear
regression line. This linearity was apparent in the unirradiated controls
(0 kR). It persisted at 67 kR, but had an increased regression coefficient
after an initial latent period. However, beginning at 90 kR the distribution
became more and more bimodal, an early type of induced death over-
lapping the 'normal' one,

Flies showing type 1 mortality were characterized by a special
radiation syndrome: they were very quiet, unable to fly one day after
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exposure, and most of them showed unco-ordinated movements of
locomotion organs. These characteristics in Drosophila were similar fo
those of a coma induced at high doses in Habrobracon [29] and
Dahlbominus [30]. It was concluded that type 1 mortality was due to
damage in the central nervous system. This is considered common in
all insects irradiated with high doses, since at a dose level of 150 to

200 kR, the Ty, did not exceed a few days in all insects tested (Table III).
The Tsp is the time at which 50% of the animals investigated died. By
means of this Ts¢, the radiation responses of various species are
compared at different dose levels in Table III.

TABLE II. T50 IN DAYS AFTER IRRADIATION OF NEWLY EMERGED ADULTS OF

VARIOUS INSECT SPECIES AT DIFFERENT DOSE LEVELS (IN kR)

Insect | dose in kR: 0 10-20  50-70 150-200 References
ORTHOPTERA
Periplaneta americana (males) 200 10 4 - WHARTON (31)
COLEQPTERA
Tribolium confusum 290 20 - - CORK (32)
- 12 9 3 HASSETT (33)
Rhyzoperta dominica 100 23 14 3 HASSETT (33)
Epilachna varifestis (males) 34 16 - - HENNEBERRY(34)
" Pissobes strobi (males) 34 16 - - JAYNES (35)
Anthonomus grandis 30 10 - - DAVICH (36)
HYMENOPTERA
Habrobracon juglandis (females) 25 13 12 6 CLARK (21)
Habrobracon serinopae (males) 62 36 18 - CLARK (37)
DIPTERA
Aedes aegypti (females) 45 35 - - STAHLER (38)
Drosophila subobscura (males) 47 34 14 - LAMB (39)
Drosophila melanogaster {males) 44 38 13 5 BAXTER  (40)
37 26 11 2 NOTHEL (28)

3.2. Type 2 mortality

According to Table III, within the dose range of type 2 mortality,
differences between the various ingects are apparent, especially at low
doses (10-20 kR). These differences become clearer by consideration
of two examples: (a) Dose-action curves in Drosophila and Periplaneta

males are compared in Fig.4. In contrast to the findings in Drosophila,
in Periplaneta the decrease of T5, with increasing dose was bimodal
even at low doses; it was considerable between 2.5 and 10 krad and levelled
off at higher doses. (b) Accumulated mortality rates (on a probability
scale) of irradiated and control males of Drosophila and Tribolium are
compared in Fig. 5. In the controls the regression lines are straight in
both species. After irradiation, this type of regression persisted in
Drosophila, but in Tribolium the post-irradiation mortality distribution -
was bimodal, A sharp initial increase was followed by a return to the
control rates. As to other doses, in Tribolium the initial increase goes
up to 45% accumulated mortality at 11 kR and to 100% at 20 kR. In
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Drosophila a corresponding distribution was not found at low or median
doses. Hence it was assumed that different injuries occurred within type
2 mortality in the various insect species.

In Drosophila there existed some heterogeneity within type 2 mortality,
as became apparent in two examples associated with radiation-induced
sterilization of females: (a) A prolongation of female lifespan (Fig. 2) is
shown in Fig. 6 to be correlated with sterilization. According to
N&thel [28, 41, 42], it was due to the sterilization, since sterilization
with TEM resulted in the same prolongation effect as irradiation with
11 kR. Lamb [39] found a corresponding prolongation in normal females,
but not in those which genetically lack the ovaries, (b) An opposite effect
of female sterilization on lifespan was found to be due to a special
hereditary factor (N&thel, unpublished), Its action is shown in Table IV,
Normal females were permanently sterilized by dominant lethals induced
in the odgonia. Killing one odgonial cell resulted in the resorption of one
ovariole [43]. 100% sterilization was induced at 11 kR [5], at which dose
the ovarioles diminished some time after exposure. In the carriers of
the factor in question, permanent sterilization was induced at 4 kR, but
in these females o6genesis was not affected and no ovarioles were
resorbed. Instead, oviposition was blocked, the ovaries became enlarged
and the fly died very soon because it could not get rid of the egg masses.

Several attempts were made with various insects to understand the
nature of type 2 mortality. Experiments with split doses, starvation,
nitrogen oxr; phosphorus turnover, or other metabolic parameters did not
yield sufficient information, Studies with different ploidy levels favoured
the view that even in adult insects somatic mutations were a primary
effect of radiation injury. Clark [21, 37] used haploids and diploids of
Habrobracon. He found that the radiation-induced decrease in lifespan
was markedly influenced by genome number (Fig.7) and concluded: "that
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TABLE IV. THE BEARING ON T50 OF
A SPECIAL GENE-CONTROLLED TYPE
OF RADIATION-INDUCED STERILITY
IN D. MELANOGASTER FEMALES

eggs/female T50 in
days 1+ 2 days 8-11 days

normal females:
0 kR 174 28
4 kR 122 154 27

females with the factor
for "induced sterility':

0 kR 174 28
4 kR 129 1] 11
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FIG.7. Accumulated imortality rates as a function of time in haploid (+ or v1) and diploid (+/vl) males
of Habrobracon serinopae with and without X-irradiation. After Clark and Rubin (37).

the decrease in lifespan by X-irradiation is due to damage of a genetic
nature'' [37]. Clark found considerable differences between radiation-
induced mortality and natural death, since, according to the latter,
haploids and diploids behaved similarly (Fig. 7). On the other hand, at
least in Drosophila, the shape of the dose-action curves as well as that
of the accumulated mortality rates favoured the idea of 'radiation-induced
aging' with regard to type 2 mortality.
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4. RADIATION EFFECTS ON AGING ADULTS

With increasing age at irradiation the adult insect died with decreasing
doses [31]. Some recent papers of Baxter and Blair {40], Lamb [44],
and No6thel [45] dealt with this phenomenon in Drosophila. Since there were
several discrepancies in the interpretations given by the authors cited,
we performed some additional experiments with D. melanogaster.
The results are described here, but the material and methods used, as
well as detailed statistics, will be published elsewhere.

4.1. Type 1 mortality

In our previous investigations [45], the LD, type | mortality
decreased rather rapidly with increasing age at irradiation (Fig.8). The
decrease was similar in both sexes, whereas natural aging depended on
sex, as indicated by mean lifetimes of 41.8 and 29.9 days in males and
females, respectively. Hence it was concluded that the increase in
radiation sensitivity was due to aging of the central nervous system
(responsible for type 1 mortality but not for natural death) rather than
to that of the whole organism [45]. The experimental data of Baxter
and Blair [40] were in good agreement with our findings, except for one
rather important point: these authors found the rates of aging as indicated
by the radiation response to be inversely proportional to normal lifespans
of males and females.
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FIG.8. LDso-type 1 mortality as a function of age at X-irradiation in D. melanogastermales and
females. After Nothel (45).

Both interpretations were tested with the age dependence of type
1 mortality in males and females of four additional and different
D. melanogaster stocks. These exhibited considerably different lifespans
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FIG.9. LDsp-type 1 mortality as a function of age at X-irradiation in D. melanogaster males of different
strains. Mean lifespans of unirradiated males in days:
E/E25.9+.8, F/F18.3%.9, D/F 43.4x1.3, E/F 31.8x1.3.

when unirradiated (Fig.9) and were therefore believed to have different
rates of natural aging. To establish practicable age-to-LD,, relation-
ships, the reciprocals of the squares of L.D;, values were used;

108 : (LDg in kR)2 was symbolized by d. In Fig.9, d proves to be a
linear function of age at exposure, distinct in every genotype and sex.
Natural aging was measured by the accumulated mortality rates, given
in probit units Z. Z was a linear function of age in every genotype and
sex (see Figs 4 and 12, for example). Since the age is a linear function
of d as well as of Z, Z is given in Fig,. 10 as a function of d for every
genotype and sex tested, If, indeed, the radiation susceptibility (indicated
by d) depended on aging as an overall effect (indicated by Z), the function
Z =f (d) should be equal in every genotype and sex. According to Fig. 10,
this holds true only in some cases. Therefore, both natural aging as
indicated by lifespan and aging of the central nervous system as indicated
by radiation-induced type 1 mortality were fixed by genotype, as was the
mode of correlation between them.

4.2, Type 2 mortality

In Drosophila, type 2 mortality looked like 'radiation-~induced aging'.
Lamb and Maynard Smith [46] found the percentage reduction in lifespan
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FIG. 10, Accumulated natural mortality rates (Z) as a function of radiation sensitivity to type 1 mortality (d)
in D. melanogaster males and females of different strains.
Z = probit units of percentage accumulated mortality
= linear function of age in unirradiated controls.
d =10%: (LD, -type 1 mortality in kR)®
= linear function of age at irradiation.
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by a given dose to be always the same whatever the control lifespan
(varied by temperature) was. Lamb [44] found the same constant relation
after irradiation at different ages. It was, however, not clear whether
type 2 mortality depended on the aging processes involved in the shortening
of natural life expectancy or whether it reflected alterations of some other
metabolic properties with age. To test this, we paid special attention

to the early days of adult life, since during this period of
'metachemogenesis’ there is an increase in various physiological pro-
perties and a decrease in natural life expectancy [47].

According to Fig, 11, the mean survival times after irradiation at
different ages were in a nearly constant relation to those of controls
at the same age. The sum of pre- plus post-irradiation lifetimes proved
to be far from constancy. These results are in agreement with those of
Lamb [44] and contrary to those of Baxter and Blair [40].

However, in using the mean survival times only, some simplifications
were made. It seemed more appropriate with our experimental material .
to use the accumulated mortality rates. Some examples of this form of
consideration are given in Fig,12. The backbone is the regression line
of unirradiated controls. The lines of the irradiated samples start from
it, and to obtain them the sum of pre-and post-irradiation deaths was
set at 100%. The post-irradiation mortality curves consisted of two
distinct linear components. The first was equal to the natural mortality
and represented a latent period. The second exhibited a much stronger
increase and represented the 'induced mortality'. Latent period and
median survival time within the induced mortality were evaluated for every
age class by means of probit equations. They are compared in Fig.13.

It is evident that, independently of age at irradiation, the same time is
always required until 50% of the animals have died within the induced
mortality period. The latency, however, increases with increasing age
at exposure up to a maximum at about the third day, and then decreases,
The initial increase in latency was similar to the metachemogenesis of
some enzyme activities in Musca {47] and to the increase in respiration
rate [48] or oviposition rate [5] in Drosophila. Hence it is probable that
the age-dependent alterations in the sensitivity to type 2 mortality were
due to specific metabolic changes rather than to natural aging itself, and
that this mortality was not an 'induced aging’.

5. SUMMARY AND CONCLUSIONS

The non-genetic overall radiation response of insects is expressed
by the fitness components 'developmental rate' and 'adult lifespan' and
is hence related to natural aging. In the developmental stages, ionizing
radiation affects the differentiation processes, at least in part, by means
of somatic mutations. With increasing differentiation, the radiation injury
decreases until a maximum resistance is achieved about emergence,
In the adults, the sensitivity again increases with increasing age at
exposure, However, this correlation does not reflect true interactions
between natural aging and radiation effects, such as 'induced accumulated
aging', Differences between both parameters indicate thatthe sensitization
is a secondary effect of metabolic alterations. Therefore, the radiation
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response of insects is not such a good tool to establish a model of natural
aging as has often been predicted.

The radiobiological investigations of developmental stages turned out
to be studies in developmental genetics. In the adults, the interspecific
variations in the radiation response will not be explained until there is
additional knowledge on comparative insect physiology. The intraspecific
variability, however, promises good results. This is seen in studies
with different ploidy levels in Habrobracon or even in those on secondary
effects on longevity by sterilizing Drosophila females. Hence the study
of non-genetic radiation effects by means of well known genetic deviants
should be propagated.
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Abstract — Résumé

DESTRUCTION DES CELLULES POLAIRES DE L'CEUF DU DORYPHORE PAR IRRADIATION. L'irradiation
localisée, au moyen de rayons X de faible &nergie, du p8le postérieur de la blastula de Leptinotarsa
decemlineata Say (Chrysomelida) est réalisée sans entraver la poursuite du développement embryonnaire,
L'examen histologique des gonades des larves de premier stade montre qu’elles sont totalement dépourvues
de gonies lorsque 1a dose est suffisamment élevée (10 000 R) pour entrafner la destruction certaine des
cellules polaires postérieures. L’existence de gonades agamétiques, différenciées 2 1'image des témoins,
montre que 1'édification de la partie mésodermique de la gonade est indépendante de la présence des
cellules germinales initiales. Les larves agamétiques ne sont pas viables, sauf exception, et deux
hypoth@ses sont &mises pour tenter d’ expliquer ce fait. 1l semble qu'un phénoméne de régulation intervienne
au cours du développement larvaire ou nymphal des gonades dont le nombre de gonies est inférieur 2 celui
des témoins (cas des ceufs irradiés 4 3000 R),

DESTRUC TION OF THE POLAR CELLS OF COLORADO BEETLE EGGS BY IRRADIATION, The rear
pole of the blastoderm of Leptinotarsa decemlineata Say (Chrysomelidae) is subjected to local irradiation
with low-energy X-rays without disruption of embryonic development. Histological study of the gonads
of growing larvae shows total absence of gonia after a sufficiently high dose (10 000 R) to cause certain
destruction of the rear polar cells. The existence of agamic gonads differing in appearance from those in
the control cells indicates that development of the mesodermic part of the gonad is independent of the
presence of initial germinal cells. Two hypotheses are put forward to explain the fact that agamic larvae
are almost always non-viable. It would appear that in cases where the number of gonia is less than in
the control cells (e.g. eggs irradiated at 3000 R), a regulation phenomenon has come into play in the
course of gonial development in the larva or pupa.

1. ETUDE BIBLIOGRAPHIQUE ET BUT DU TRAVAIL

Entre 1908 et 1911, Hegner [1, 2] mettait en évidence 1! existence
de deux tissus, bien distincts par leur origine, dans la gonade du
doryphore (Leptinotarsa decemlineata Say, Chrysomélide, Coléoptere).
Au moyen d'une aiguille chaude, il détruisait le pdle postérieur de 1' ceuf,
au stade blastula, et constatait 1' absence de cellules germinales dans
les gonades des embryons issus des ceufs opérés. Geigy [3], puis
Aboim [4], réaliserent le méme type d'expérience chez Drosophila au
moyen d'une brilure par rayonnement UV et confirmerent 1'existence
de gonades agamétiques; ils montrerent que les gonades de ce diptere
sont constituées de deux masses mésodermiques ol viennent se loger,
apres migration, les cellules polaires, initiales des cellules germinales.
Selon ces auteurs, 1'édification de ces deux masses mésodermiques est
indépendante de la présence des cellules germinales. Depuis, différents
auteurs ont obtenu des résultats similaires: Haget [5] chez Leptinotarsa,
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Alleaume et Haget [6] chez Calliphora par microcautérisation, Hataway
et Selman [7] chez Drosophila, Oelhafen [8] chez Culex, Jura [9] chez
Drosophila par irradiation UV localisée, Idris [10] chez Culex par
ligature.

A 1'opposé, Counce et Selman [11], soumettant des ceufs de
Drosophila a un traitement par les ultra-sons, ont obtenu deux embryons
ayant des gonades situées dans la région antérieure, i proximité de
1'cesophage: pour ces auteurs, les cellules polaires ont atteint une masse
mésodermique antérieure et induit & cet endroit la formation des gonades.
Les observations de Counce et Ede [12] sur un mutant de Drosophila,
et les résultats de Poulson et Waterhouse [13] viennent & 1'appui de
cette hypotheése. Ces derniers auteurs, apres bridlure des cellules
polaires de 1'oceuf de Drosophila par rayonnement UV, constateérent,
soit la présence de quelques gonies dans les gonades des embryons
obtenus, soit 1'absence totale de gonades. Ils conclurent que la présence
de cellules polaires est nécessaire & 1! édification de la partie mésodermique
de la gonade. Anderson [14], s'appuyant sur les trois travaux cités
ci-dessus et sur celui de Davis (non publié) chez Culex et Lucilia, conclut
4 1' existence indiscutable de 1'induction de la partie mésodermique de
la gonade par les cellules polaires. Il considere en effet que les
gonades agamétiques, mises en évidence par de nombreux auteurs,
ne sont pas intégralement mésodermiques.

Ce travail a eu pour but de fournir des indications sur le réle des
cellules polaires, en les détruisant au moyen d'une nouvelle technique:
1'irradiation localisée du p6le postérieur de la blastula par des rayons
X de faible énergie. Cette étude a étépoursuivie principalement dans deux
directions:

- existence et structure des gonades,
- possibilités de développement apres 1'irradiation.

2. MATERIEL ET TECHNIQUES

Les ceufs, collés par la femelle sur une feuille de pomme de terre,
sont récoltés aussitdt pondus. Ils sont placés & 16°C dans une enceinte
humide. Dans ces conditions de développement, le stade blastula jeune
(1000 & 2000 noyaux) est atteint en 24 h, le stade blastula 8gé (16 000 noyaux)
en 48 h [15]. Ils sont placés sur une plaque de plomb de 5mm d!épaisseur,
enduite d' une mince couche de graisse & vide. Cette plaque est percée
de canaux ayant 0,5 mm de diametre. Les ceufs sont disposés de fagon
telle que seule la partie polaire postérieure (1/8 de la longueur totale)
soit atteinte par les rayons X lorsque la plaque, retournée, est placée
sur une enceinte en plomb.

Les irradiations sont effectuées au moyen d'un tube Holweck muni
d'une anticathode en molybdene et d'une fenétre en aluminium (0, 05 mm),
émettant un rayonnement X peu pénétrant: la couche de demi-absorption
est égale 3 1 mm d'eau. L'appareil fonctionne sous une tension de
37,5 kV et avec une intensité de 15 mA. La dosimétrie, effectuée d'une
part par la méthode chimique au sulfate ferreux et d'autre part avec un
dosim¥tre Phillips, indique un débit de 3 000 R/min 4 118 mm de la fen&tre.
Les doses utilisées, 1000 R & 30000 R, sont délivrées & débit constant,
les durées d'irradiation variant de 20 s & 10 min.
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Apres irradiation les ceufs sont incubés & 25°C dans une enceinte
humide. Les larves sont tuées & la naissance au moyen de vapeurs de
chloroforme puis fixées par le mélange de Carnoy durant 1 h (acide
acétique: 1 volume; chloroforme: 3 volumes; alcool absolu: 6 volumes).
Les larves sont ensuite incluses dans la paraffine (54-56°C) apres
déshydratation par 1'alcool butylique. Les coupes sériées (6 um) sont
colorées par un mélange d'érythrosine-aurantia-orangé G (5 min) puis
par le bleu de toluidine {1 min 30 s), déshydratées par le benzene et
montées dans le beaume du Canada.

3. ETUDE DES GONADES
Témoins

Les gonades de la larve naissante du doryphore se présentent sous
deux aspects selon le sexe: deux masses ovoides chez la femelle,
deux halteres chez le méle. Elles sont situées dans la partie postérieure
de 1' abdomen, de chaque c6té de 1'intestin moyen., Elles sont entourées
d'une gaine de grosses cellules adipeuses. A 1'intérieur de chaque
gonade on distingue deux catégories cellulaires:
- de petites cellules banales, d'origine mésodermique,
- de grosses cellules caractérisées par un noyau sphérique, tres
volumineux (diamtre > 10 ym), faiblement colorable et contenant un gros
nucléole; une mince couche de cytoplasme périphérique tres basophile
(coloration intense par le bleu de toluidine).

Ces cellules, gonies primordiales, sont plus nombreuses dans la
gonade male, oli elles sont réparties de fagon égale dans les deux
renflements.

Larves issues d'ceufs irradiés

Irradiation au stade blastula jeune

1000 R (22 cas): 40% de gonades dépourvues de gonies
40% de gonades ayant un nombre variable de gonies
20% de gonades normales.

3000 R (28 cas): 70% de gonades dépourvues de gonies
30% de gonades ayant un nombre variable de gonies.

10000 R (36 cas) et 30000 R (20 cas): toutes les gonades sont
dépourvues de gonies, & 1'exception de trois cas,
probablement dus & une mise en place des ceufs
défectueuse au moment de 1'irradiation.

Irradiation au stade blastula dgée

10000 R (24 cas): 60% de gonades dépourvues de gonies
40% de gonades ayant un nombre variable de gonies.
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Aspect des gonades

Dans tous les cas examinés, deux gonades bien distinctes existent.
Elles sont toujours situées & leur emplacementi anatomique normal, mais,
le plus souvent, les gonies primordiales manquent totalement ou sont
peu nombreuses. Les gonades, dépourvues de gonies, ont une taille
nettement inférieure i celle des gonades témoins, mais conservent
parfaitement leur forme: ovoide ou en haltere,.

Discussion

Ces expériences montrent clairement que la partie mésodermique
de la gonade peut s'édifier et se différencier selon le sexe, malgré
1' absence des cellules germinales initiales. Cette conclusion va a
1'encontre de celle de certains auteurs [13, 14] qui, apres destruction
des cellules polaires, n'ont pas constaté la présence de gonades
agamétiques, Il est raisonnable de penser que ces auteurs ont peut-
étre détruit, outre les cellules polaires, les cellules blastodermiques
qui fournissent normalement le mésoderme de la région moyenne
abdominale [5, 8].

4, POSSIBILITES DE DEVELOPPEMENT APRES IRRADIATION

Apres irradiation du pSle postérieur de la blastula, jeune ou
agée, le développement embryonnaire se poursuit jusqu'a 1'éclosion
(90% des cas) sans que 1'on puisse observer un retard,

L'élevage de 150 animaux issus d'ceufs irradiés par 10000 R au
stade blastula jeune montre que la plupart d'entre eux meurent dés
le premier stade larvaire, sans s'étrenourris. Aucun adulte n'a pu
étre obtenu.

Ltélevage de 200 animaux irradiés par 3 000 R a fourni 60 adultes
ayant des gonades typiques, & 1'exception de quatre d'entre eux, Ceux-ci,
pourvus d'un tractus génital normal, présentaient des testicules de
forme typique (halt®re): leur diamdtre était identique & la largeur du
spermiducte, soit 0,1 mm.

Les larves ayant & la naissance un petit nombre de gonies évoluent
en adultes normaux, parfaitement féconds: il semble établi qu'il
se produit une régulation au cours de la croissance larvaire.

Discussion

Deux hypoth&ses permettent d' expliquer les possibilités de survie
extrémement faibles des larves agamétiques:

a) Les cellules polaires de Leptinotarsa auraient des potentialités
aussi étendues que chez les Dipteres supérieurs: elles donneraient
naissance, d'une part, aux gonies ef, d'autre part, a certaines cellules
de 1'intestin moyen, & 1'image de ce qui est connu chez Drosophila [13].

b) La destruction de la totalité des cellules polaires par les rayons X
ne pourrait s'effectuer sans entrainer la destruction de cellules
blastodermiques voisines. Cette seconde hypothese est d'autant plus
vraisemblable qu'il est nécessaire d'irradier toute la région polaire
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postérieure: les cellules polaires ne se détachent pas en une masse,
externe % 1' ceuf, comparable & celle observée chez Drosophila.
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DISCUSSION

R. CAVALLORO: Do you have any data on the radiation sensitivity
of colorado beetle eggs irradiated 'in toto'?

R. BLUZAT: Yes, Ihave results for the beginning of embryogenesis.

R. CAVALLORO: I should like to mention, if I may, that I have
recently completed some work on the same species using X-ray equipment
at 200 kV, 10 mA current, with a dose rate of 650 R/min, and found that
of eggs given a dose of 1000 R at 25°C twenty-four hours after oviposition
only 5. 81% hatched, and that a dose of 2000 R caused total embryo
mortality.

R. BLUZAT: Resultis obtained under my conditions of work are very
close to yours, i.e. LDgg is between 600 and 800 R, On the other hand,
the earlier developmental stages (from onset of intravitelline multiplication)
are more resistant to radiation, i.e. LDyy> 1000 R. Moreover, in the
latter case the larvae obtained are viable and normal.

G. LE MASNE: I should like to hear a little more on the phenomenon
of larvae with a reduced number of gonia after irradiation treatment
developing into perfectly fertile adults, as described in section 4. 4 of your
paper. Firstly, what do the gonads of the young larvae look like?
Secondly, what sort of regulatory mechanism had you in mind? Is gonial
multiplication resumed, and if so what factors come into play? It seems
that this regulatory process would be worth studying.

R. BLUZAT: The gonads we saw in these irradiated larvae looked
the same as those of the control insects. It would appear that regulation
is not due to further multiplication of the gonia, but the processes involved
have still not been elucidated.

V. LABEYRIE: Is it not possible that the mesodermic mass of the
gonad is instrumental in inducing multiplication of gonia reduced appreciably
in number by irradiation, since the number of gonia is normally a
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function of a mass ratio of mesodermic cells to gonial cells in the early

stages of development before differentiation into o6gonia or spermatogonia?
R. BLUZAT: Indeed, it is highly likely that this ratio plays a part

in gonia multiplication. We cannot rule out the possibility that the meso-

dermic tissue controls gonia multiplication more or less directly.
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AUX RAYONS GAMMA SUR

Spodoptera (Laphygma) exigua Hb.
(LEPIDOPTERA: NOCTUIDAE)*

M, ANWAR™

INRA, STATION DE ZOOLOGIE AGRICOLE,

CENTRE DE RECHERCHES AGRONOMIQUES DU SUD-EST,
MONTFAVET, FRANCE

Abstract — Résumé

SOME EFFECTS OF GAMMA IRRADIATION ON Spodoptera (Laphygma) Exigua Hb. (LEPIDOPTERA;
NOCTUIDAE). A study has been made of the effect of gamma rays from a cobalt-60 source on the eggs,
larvae, pupae and adults of Spodoptera exigua Hb.,, a lepidopteron which is harmful to crops in many
climates. The insect was reared on an artificial diet based on powdered cabbage and wheat-germ. The
irradiation of one- and four-day-old eggs with 3,6 and 9 krad showed that none of the one-day-old eggs
hatched, while the four-day-old ones gave 52, 18 and 0% of adults respectively. The larvae hatched from
irradiated eggs showed retarded development, and the butterflies which developed were listless and of
low fertility., Mature larvae irradiated at 3 and 5 krad give 100 and 22, 5% of adults respectively; irradi-
ation at 7 krad or more completely stops the production of adults, Irradiation of young pupae either kills
them or leads to the hatching of malformed adults, Irradiation at 50 krad of pupae at the end of their
development has no effect on hatching. The adults from nymphs irradiated at 50 krad show a fertility
reduced to 0.5%, while the adults which have just hatched show total sterility after irradiation at the same
dose. Higher doses reduce the frequency of mating, while females irradiated at 30 krad and mated with
normal males lay infertile eggs.

QUELQUES EFFETS DE L' IRRADIATION AUX RAYONS GAMMA SUR Spodoptera (Laphygma) exigua Hb.
(LEPIDOPTERA: NOCTUIDAE). L'effet des rayons gamma d'une source au cobalt-60 a &té &tudié sur les
ceufs, larves, pupes et adultes de Spodoptera exigua Hb., Lépidoptere nuisible aux cultures sous de nom-
breux climats. L'insecte &tait élevé sur milieu artificiel 2 base de poudre de chou et de germe de blé.
L'irradiation d'ceufs de 1 et 4 jours 2 3, 6 et9krads montre qu'il n'y a aucune éclosion pour ceux de 1 jour
et que ceux de 4 jours donnent 52, 18 et 0% d'adultes. Les larves issues d'ceufs irradiés montrent un retard
de développement et les papillons &clos sont sans vigueur et peu féconds. Les larves dgées irradiées 2 3 et
5 krads donnent 100 et 22, 5% d'adultes; 1'irradiation 2 7 krads et plus ne donne pas d’'adultes. L' irradiation
des pupes jeunes provoque une mortalité des pupes ou des éclosions d'adultes mal formés. L' irradiation 2
50 krads de pupes en fin de développement n'affecte pas les éclosions. Les adultes issus de nymphes irradiees
2 50 krads montrent une fertilité réduite 2 0,5%, Les adultes venant d'éclore irradiés 2 50 krads montrent
une stérilité totale, Des doses plus élevées diminuent la fréquence des accouplements. Des femelles
irradiées 2 30 krads et accouplées 2 des mfles normaux pondent des ceufs infertiles.

1. INTRODUCTION

Spodoptera exigua est une Noctuelle répandue dans le monde entier,
surtout dans les régions tropicales, subtropicales et méditerranéennes.
Sa chenille cause des dégits parfois importants 4 des cultures trés

* Travail effectué en 1966-1967 pendant un stage en France organisé par 1' ASTEF (Association pour
1'organisation des stages en France).
** Adresse permanente: Pakistan Atomic Energy Commission.
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variées, coton, tabac, vigne, luzerne, plantes maraicheres, etc.
L'adulte est un migrateur pouvant effectuer des déplacements importants.

Une seule publication, & notre connaissance, donne les résultats
d'études d'irradiations, qui ont été poursuivies en Union soviétique [1].
Etant donné 1'importance économique de 1'insecte, il nous a paru
intéressant de reprendre cette étude de fagon plus compléte; nous
verrons d'ailleurs que nos résultats ne concordent souvent pas avec ceux
de Rasulov.

2. METHODE D'ELEVAGE

Lt'élevage de S. exigua sur milieu artificiel est assez facile. Différentes
formules de milieu ont été mises au point [2, 3]; nous avons adopté une
formule assez voisine, mise au point & la Station de zoologie de
Montfavet par G.Guennelon et S. Poitout (Travaux non publiés), composée
essentiellement de poudre de chou et de germe de blé, auxquels sont
ajoutés les ingrédients qui composent habituellement un milieu semi-
synthétique.

L'élevage des larves est réalisé sur ce milieu, qui est découpé en
petits cubes et disposé dans des boites en matiére plastique (de
17X10,5X2,5 cm). Chaque bolte contient environ une centaine de
larves, qui sont élevées dans une pitce climatisée (25°C, 80% HR et
éclairage de 18 h par tubes fluorescents). Dans ces conditions d'élevage,
la préchrysalidation débute de 11® jour. Des le 10°® jour les boites conte-
nant les larves sont placées dans un récipient plus vaste rempli au tiers
de sable légeérement humidifié. Tous les jours, des larves qui ne sont pas
entrées dans le sable sont placées dans un autre récipient avec du sable.
La chrysalidation commence le 12% jour et la séparation des sexes avant
1'irradiation a été effectuée a ce stade. La durée de développement des
nymphes est environ de 7 jours pour les femelles et de 8 jours pour
les miles.

3. CONDITIONS EXPERIMENTALES ET METHODES

Les irradiations ont été effectuées avec un irradiateur de %°Co de
1400 Ci au Service de radio-agronomie du Centre d'études nucléaires de
Cadarache. Le débit de dose était d'environ 1040 rad/min. La dosi-
métrie a été effectuée pour chaque exposition.

Pour 'accouplement des adultes, nous avons utilisé des bottes en
plastique de 8 cm de diametre et 5 cm de hauteur, avec des couvercles
aérés par un trou circulaire de 4 cm de diametre et grillagé., Pour les
contrdles de fécondité des adultes et de viabilité des ceufs, on tapisse
les parois de la cage avec du papier sulfurisé, sur lequel les papillons
déposent leurs ceufs. Tous les troig jours les adultes sont changés de
cages, les pontes sont comptées. Un certain nombre de pontes sont
gardées pour contrdler la viabilité des ceufs, et les larves écloses sont
comptées chaque jour.

On place un seul couple par cage, avec différentes combinaisons
(m#le irradié X femelle non irradiée; femelle irradiée X méile non irradié;
témoin, mfle et femelle non irradiés). On installe 20 cages par com-
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binaison. Les femelles sont disséquées aprés leur mort pour compter
les spermatophores.

Ces cages sont placées dans une pitce climatisée (22°C, 80% HR)
a la lumiere naturelle. On utilise seulement les adultes qui ont éclos
dans les 24 heures suivant l'irradiation. Les adultes sont nourris avec
une solution d'eau et de miel & 10%.

4. RESULTATS

4,1, Irradiation des ceufs

Les doses d'irradiation choisies ont été de 3, 6 et 9 krad, appliquées
4 des ceufs de 1 et 4 jours.(durée d'incubation 4, 5 jours & 22°C),

Les ceufs de 1 jour irradiés ne donnent aucune éclosion,

L'effet des rayons gamma sur les ceufs de 4 jours est porté dans le
tableau I. Nous voyons que, siles doses de 3 et 6 krad ne diminuent
que peu le pourcentage d'éclosions, par contre 1'effet de I'irradiation se
fait sentir fortement sur le développement ultérieur, larvaire et nymphal,
et 1'éclosion d'adultes. Les larves issues d'ceufs irradiés montrent un
retard de développement; l'irradiation des ceufs 4 9 krad ne permet
aucune formation d'adultes.

Proverbs et Newton [4] et Elbadry [5] attiraient déja 1'attention sur
cette prolongation d'action de 1'irradiation des ceufs, respectivement sur
Carpocapsa pomonella et Gnorimoschema operculella,

Nous ayons également examiné la fécondité et la fertilité des adultes
issus d'ceufs irradiés. Il est remarquable de constater (tableau II) que
cette action est tres marquée; en particulier, les adultes issus d'ceufs
irradiés a 6 krad présentent une viabilité d'ceufs nulle, qu'il s'agisse des
miles ou des femelles. A cette dose, la longévité est assez courte et
les adultes sont sans vigueur et peu féconds.

4.2. Irradiation des larves

Lt'irradiation des larves du dernier 4ge a différentes doses de 3 et
5 krad permet une évolution jusqu'aux adultes (tableau III).

Les adultes issus de larves irradiées a4 3 et 5 krad montrent
(tableau IV) une fertilité des ceufs diminuée par rapport aux témoins, et
une fécondité réduite.

4.3. Irradiation des nymphes

4.3.1. Eclosion

Les nymphes de 1 jour sont tuées par des doses de 10 krad. Les
nymphes de 3 jours sont moins sensibles; une dose de 20 krad ne cause
que 25% de mortalité des nymphes. ’

Des nymphes en fin de développement (7 jours pour les nymphes
femelles et 8 jours pour les nymphes méles) supportent des doses
beaucoup plus fortes. Il faut atteindre 100 krad pour commencer a
provoquer une mortalité sensible, et 120 krad pour empécher toute
formation d'adultes normaux.
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4.3.2. Stérilité obtenue

Une dose de 5 krad appliquée & des nymphes de 1 jour donne des
femelles b fécondité réduite et fertilité nulle; les mAles montrent une
fertilité d'environ 42%.

Sur des nymphes de 3 jours la dose de 10 krad donne une fécondité
et une fertilité nulles pour les deux sexes. Dans le cas des mfiles
irradiés & 10 krad, il n'y a d'ailleurs pas d'accouplements.

Des doses de 15 & 70 krad ont été appliquées a des nymphes de 7 jours
(femelles) et de 8 jours {mfles). La fécondité des femelles diminue avec
la dose mais reste encore de 25% par rapport au témoin i la dose de
70 krad {fig.1). La fécondité des femelles normales accouplées a des
miles irradiés ne présente une légére diminution que pour 70 krad.

La fertilité des femelles irradiées décroit trés vite en fonction de la
dose dtirradiation pour devenir nulle a 30 krad (fig. 2). La fertilité des
males décrolt plus progressivement, et devient pratiquement nulle &
partir de 50 krad.

Rasulov [1] indique avoir obtenu la sterlhte de miles issus de nymphes
irradiées 4 9 et 11 krad, et des femelles 4 5 krad. Ces résultats sont
évidemment trés différents des notres. Nos résultats paraissent pourtant
plus conformes & ce qui a été obtenu sur d'autres Lépidoptéres de taille
comparable, par exemple Ostrinia nubilalis Hb. [6], Pectinophora

gossypiella [7] et sur des L.épidopteres de plus petite taille, par exemple
Carpocapsa pomonella L. [8].

Des observations précises sur la vigueur sexuelle ont été effectuées
en utilisant comme test le nombre d'accouplements successifs. Les
irradiations jusqu'a 50 krad ne diminuent pas la vigueur sexuelle des
mfles; la réceptivité des femelles irradiées parait supérieure a celle
des témoins.

4.3.3. Action résiduelle de doses substérilisantes

La dose de 45 krad appliquée a4 des nymphes méles de 8 jours laisse
une fertilité de 10% chez les miles éclos. Il est intéressant d*examiner
1'évolution et la descendance de ces ceufs fertiles.

Le tableau V montre que les larves descendant de miles irradiés
{2 1'état de nymphe) a 45 krad présentent une forte mortalité du premier
et deuxidme stade, i laquelle s'ajoute une mortalité au moment de la
nymphose. Seulement 10% de ces larves donneront des adultes. Ces
adultes eux-m@mes, qui constituent une génération F1, montrent une
fertilité nulle (tableau VI).

Il y a donc la une action résiduelle trés remarquable de l'irradiation.
Si 1'on regarde le résultat d'efficacité totale, on voit que la dose de
45 krad appliquée i des miles provoque une extinction complete de la
descendance malgré une fertilité de 10% des premiers ceufs obtenus. Il
serait intéressant de reprendre les mémes observatlons aux doses
inférieures.

Une action identique a été signalée sur d'autres Lépidopteres. Par
exemple C.pomonella [8] et Paramyelois transitella [9].
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FIG.1. Fécondité résultant de croisements insectes normaux X insectes issus de nymphes de 7 j (femelles)
et 8 j (miles) irradiées aux doses de 15 3 70 krad (la fécondité des témoins non irradiés était de 598 ceufs).
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FIG.2. Fertilité résultant de croisements insectes normaux X insectes issus de nymphes de 7 j (femelles)
et 8 j (miles) irradies aux doses de 15 & 70 krad (la fertilité des témoins non irradiés &tait de 91%).

4.4, Irradiation des adultes

L'irradiation d'adultes dans la journée suivant leur éclosion a donné
des résultats tout a fait comparables & ceux des irradiations de nymphes
juste avant 1'éclosion. La dose de 40 krad provoque la stérilité des
femelles et laisse une fertilité de 11% chez les méles. La dose de
50 krad est totalement stérilisante pour les deux sexes,
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DISCUSSION

C.F.CURTIS: I was interested to note the high doses of ionizing
radiation required to sterilize these Lepidoptera, in comparison with
the doses required for Diptera. Could you suggest any explanation for
this great difference?

M. ANWAR: Nothing is really known about why some insect species
are more radiosensitive than others. Probably the size of the organism,
its metabolism, and the number and size of chromosomes are all contri-
buting factors.

H. ERDMAN: Can Spodoptera exigua be mass-reared? With what
numbers were you working?

M. ANWAR: I did not need many insects for my preliminary studies.
I always reared them in groups of about 100 larvae per rearing cage, on
an artificial medium, and used to obtain between 80 and 90% adults, which
shows that it is quite feasible to mass-rear them.

M. COHEN: Since S. exigua seems to be easily reared, do you think
it would be feasible to a;ply the irradiation technique to control of this
insect in the field and in view of your laboratory results would sterili-
zation of females be preferable to sterilization of males?

M. ANWAR: We did experiments under laboratory conditions with
populations of (a) pupae irradiated at a late stage in their development
with a dose of 50 krad and (b) normal pupae, mixed in the following
proportions; 1 normal pair for every 5 sterile pairs; 1 normal pair for
every 5 sterile males; 1 normal pair for every 5 sterile females. From
the results of these experiments we found very great variations in the
viability of eggs laid by the females. This showed that introduction of
sterile males appreciably reduced egg viability, but an even greater
decrease was noted on simultaneous introduction of sterile males and
females; it would thus appear that sterile females could be used in the
same way as the males to increase the chances of success in an eradication
programme.
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R. BLUZAT: Do you know the number of chromosomes S. exigua
has and have you compared this with the number of chromosomes possessed
by creatures exhibiting a radiation resistance of the same order?

M. ANWAR: I'm afraid the answer on both scores is 'no!.

J.E. SIMON: Was there any cannibalism amongst Spodoptera larvae
during mass rearing?

M.ANWAR: I have never observed any.

J.E. SIMON: Were the larvae reared together or separately?

M.ANWAR: They were always reared in groups.






SENSIBILITE DES DIVERS

STADES DE DEVELOPPEMENT DE
Sitophilus zeamais MOTS (S. oryzae L.)
AUX RADIATIONS IONISANTES

Etude des stades endogés par radiographie et
enregistrement actographique
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(Présenté par P. Pélegrin)

Abstract — Résumé

RADIOSENSITIVITY OF SitthiIus zeamais MOTS (S. oryzae L.) AT VARIOUS STAGES OF DEVELOP-
MENT: A STUDY OF THE LARVAL STAGES BY MEANS OF RADIOGRAPHY AND 'ACTOGRAPHIC' RECOR-
DING. The paper describes an original method of study, based on the employment of an ‘actograph’
which records the vitality of the larval stages and makes it possible to study the larva population inside
grains (actograph for electro-acoustic detection developed by the INRA Acoustic Physiology Laboratory,
Jouy-en-Josas). The contamination rate and the death rate of the larvae are observed by radiography.

The effects of irradiation at doses of 2000, 4000, 8000 and 16 000 rad are studied in the egg stage, on larvae
aged 5-7 days, 13-15 days and 19-21 days and on adults, whose fertility is measured 0-5 days, 5-10 days
and 10-15 days after irradiation. The effects of irradiation on the second generation bred from the various
stages irradiated are noted.

SENSIBILITE DES DIVERS STADES DE DEVELOPPEMENT DE Sitophilus zeamais MOTS (S. oryzae L.)
AUX RADIATIONS IONISANTES: ETUDE DES STADES ENDOGES PAR RADIOGRAPHIE ET ENREGISTRE-
MENT ACTOGRAPHIQUE. Les auteurs présentent une méthode d'étude originale, fondée sur 1'emploi
d'un appareillage actographique, quienregistre et traduit la vitalité des stades endogés et permet d'apprécier
la population larvaire 2 1'intérieur des grains (actographe 3 détection électro-acoustique mis au point
par le Laboratoire de physiologie acoustique de 1'INRA, Jouy-en-Josas). Le contrdle du taux de contami-
nation et de la mortalité larvaire se fait par radiographie. Les auteursont étudié les effets de 1'irradiation
(doses de 2000, 4000, 8000 et 16000 rad) sur le stade ceuf, sur les larves Sgées respectivement de 5 2
7 jours, 13 3 15 jours, 19 2 21 jours et sur les adultes (fécondité 0 3 5 jours, 5 3 10 jours, 10 A 15 jours
aprds l'irradiation); ils ont également fait des observations sur les conséquences de 1%irradiation sur la
seconde génération issue des divers stades irradiés.

Divers auteurs [1-4] ont déji utilisé des techniques de détection acous-
tique ou les observations radiographiques pour étudier le développement
3 l'intérieur des grains de céréales de divers insectes des denrées. Nous
utilisons conjointement ces deux techniques en vue de préciser la sensi-
bilité aux radiations ionisantes des stades endogés du charangon des grains,
L'enregistrement de l'activité de ces divers stades, avant et apres
irradiation, est obtenu grice A un détecteur électro-acoustique associé
3 un amplificateur trés puissant, appareil mis au point par R.G. Busnell,

Boursier du Gouvernement indien auprés de 1'Institut national agronomique (Laboratoire de
zoologie), Paris.
! Laboratoire de physiologie acoustique, Institut national de la recherche agronomique, 78 Jouy-en-
Josas, France.
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Nous avons limité cette étude & Sitophilus zeamais Mots. L'essentiel
de nos résultats est en accord avec les travaux antérieurement publiés
par divers chercheurs et par nous-mémes [5-8].

1. MATERIEL ET METHODE

L'élevage de S. zeamais a été réalisé sur des grains de blé, dans
une étuve, avec une humidité relative de 75% % 5% et une température
constante de 27°C £ 1°C,

Cinquante grains de blé, préalablement bien conditionnés (HR et
température indiquées ci-dessus) sont alors mis dans des petits tubes
de mati2re plastique, en présence de 10 couples de charancons, 8gés
de 11 3 jours. Pour chaque expérience on prépare cing répétitions d'un
tel échantillon, Les grains ainsi soumis 2 l'oviposition furent conservés
dans les conditions optimales précitées, en assurant en particulier une )
humidité relative favorable en stockant les tubes de ponte dans un exsicca-
teur dont l'humidité était maintenue constante par une solution de potasse.
Le temps de ponte des adultes était limité & 24 h ou 48 h, afin d'avoir
ensuite une population larvaire d'dge uniforme, Connaissant bien, dans
ces conditions, la durée relative des divers stades (ceufs, larves et
nymphes), il nous était facile de disposer au moment voulu de lots homo-
gtnes pour les irradier.

La source d'irradiation utilisée était un irradiateur v de 3000 Ci de
60Co, dans lequel la source était disposée selon les génératrices d'un
cylindre. La température dans l'enceinte d'irradiation était de 27°C+0, 5°C.
Pour les divers stades expérimentés, quatre doses différentes ont été utilisées:
2000, 4000, 8000 et 16 000 rad, administrées respectivement en des
temps de 1 min 43 sec, 3 min 26 sec, 6 min 52 sec et 13 min 44 sec, en
rapport avec l'intensité de rayonnement de la source, qui est de 70 krad/h.

L'activité des larves dans les grains était enregistrée pour l'ensemble
des 50 grains de chaque lot, d'une part avant l'irradiation, d'autre part
3 des intervalles de temps réguliers apres ll'irradiation. La date d'appari-
tion des adultes et leur nombre furent notés. Les adultes issus des lots
irradiés furent alors mis & nouveau dans des conditions favorables &
la ponte sur de nouveaux grains pendant 22 jours. L'activité de leur
progéniture fut évaluée par actographie et le nombre d'adultes de deu-
xiéme générationissus de ces grains fut compté. Les lots de grains irra-
diés ou ceux servant au développement de la deuxidme génération furent,
en fin d'expérience, examinés par radiographie, pour apprécier le taux
de mortalité des stades endogés ou le pourcentage de grains attaqués.

2, RESULTATS ET DISCUSSION

2.1. Sensibilité des ceufs

La procédure expérimentale fut la suivante: 10 couples de Sitophilus
zeamais (Agés de 3 jours) furent mis, pour la ponte, en présence de 50 grains
de blé le 21 mai 1966 (5 lots); les adultes furent retirés du blé le 23 mai
et quatre lots furent irradiés & 2000, 4000, 8000 et 16 000 rad (le 23 mai
également), 1'dge des ceufs au moment de l'irradiation étant de 2 jours
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FIG. 1. Actographies de lots de 50 grains de blé ayant regu la ponte de 10 couples de S, _zemais pendant
48 h. Irradiation des grains avec les ceufs inclus, ces derniers étant au plus gés de 2 jours. Actographies
enregistrées 16, 21, 24 et 28 jours apres 1'irradiation.

au maximum; les activités larvaires dans chacun des lots irradiés et
dans le lot témoin furent enregistrées les 8, 13, 16 et 20 juin (les larves
étant donc dgées de 16 & 30 jours).

La figure 1, qui reproduit les portions des actogrammes obtenus dans
ces conditions, montre qu'aucun des lots irradiés n'hébergeait de larves
actives, Le lot témoin, par contre, montrait une activité larvaire qui
allait en s'amplifiant avec 1'4ge. Une dose d'irradiation de 2000 rad suffit
donc pour empécher le développement de la ponte de Sitophilus zeamais.

L'examen des radiographies révdle les pigiires de ponte, avec un
petit nombre de débuts de galeries alimentaires, témoignages d'éclosions,
dans les lots irradiés & 2000, 4000 et 8000 rad. A 16000 rad aucune
galerie n'est décelable, il n'y a donc eu aucune éclosion des ceufs.

2.2. Sensibilité des larves

a) Larves agées de 54 7 jours

La procédure expérimentale fut la suivante: ponte (comme ci-dessus)
du 9au 11 mai, incubation, puis irradiation le 23 mai; actographie avant
irradiation le 23 mai, aprs irradiation du 24 mai au 10 juin; contamination
pendant 22 jours de nouveau blé par les adultes issus du lot témoin et des
lots irradiés & 2000 et 4000 rad; actographie des larves de deuxime
génération du 8 au 13 aoiit,

La figure 2 donne les résultats de cette expérience. On notera que
l'actographie de contrdle, sur les divers lots avant l'irradiation, révele
une - activité faible en raison du trds jeune dge des larves. Cette activité
va s'accroitre régulidrement avec 1'dge dans le lot témoin et les lots
irradiés & 2000 et 4000 rad. Mais pour les lots irradiés’ 8000et 16 000 rad,
il est évident que le développement larvaire est définitivement stoppé vers
1'age de 20 2 22 jours. Il suffit donc d'une dose de 8000 rad pour tuer
dans un délai maximal de 15 jours des larves dgées de 5 & 7 jours,
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FIG.2. Actographies de populations larvaires dans 50 grains de blé, contaminés par 10 couples de
Calandres, pendant 48 h. Irradiation des larves al ige de 5 3 7 jours. A, actograpl‘ues enregxstrees
avant 1'irradiation; B, enreg1strements effectués 1, 8, 17, 11, 18 et 21 jours apres 1*irradiation;

G, actogrammes de la deuxieme génération larvaire provenant des adultes &clos du lot témoin et des
lots irradis 3 2000 et 4000 rads.

La suite de l'expérience (fig.2C) portant sur les adultes issus des
lots irradiés & 2000 et 4000 rad montre que ces derniers sont féconds et
donnent une progéniture larvaire active.

Apr¥s radiographie des divers lots en fin d'expérience, on peut dé-
nombrer les grains attaqués, ce qui devrait nous permettre d'évaluer la
mortalité larvaire, en tenant compte du nombre d'adultes éclos. Toute-
fois, nous constatons que, dans le lot témoin, pour 44 grains attaqués
(sur 50), on n'a que 21 adultes, ce qui représente déji une mortalité im-
portante. Elle estdue en partie au fait que le méme grain héberge souvent deux
larves, parfois trois. En outre, nous avons décelé quelques acariens
prédateurs (Pediculoides ventricosus). Il serait sans doute possible de
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décompter les mortalités dues & ce prédateur, mais il nous parait suf-
fisant de comparer les radiographies, qui montrent manifestement

que dans les lots irradiés & 4000, 8000 et 16 000 rad les galeries larvaires
sont moins étendues que dans le lot témoin, signe d'une mortalité d'autant
plus précoce que la dose regue est plus forte, Cette mortalité est sim-
plement estimée de fagon valable en indiquant le nombre d'adultes éclos

en regard du nombre de grains attaqués. Elle est manifestement en rapport
avec l'irradiation d¢s une dose de 4000 rad.

Témoin 2000 4000 8000 16000 rad
Grains attaqués 44 35 35 41 40
Adultes éclos 21 20 2 0 0

De méme, les radiographies de la deuxi®me génération larvaire
montrent que les adultes issus de larves irradiées demeurent féconds
méme pour le lot irradié & 4000 rad. Mais les données de l'expérience,
ol 1'on compare la descendance d'un nombre variable de couples, ne per-
mettent pas de préciser si cette fécondité a subi une diminution chez les
adultes issus des lots irradiés. Toutefois les chiffres obtenus soulignent
suffisamment la fertilité de ces insectes:

Témoin 2000 4000 rad
Grains attaqués 49 49 40
Adultes éclos 52 46 30

Les dates d'émergence des premiers adultes dans les lots irradiés
concordent avec celles des lots témoins, mais les dernitres émergences
sont plus tardives, Dans la premitre génération, on reldve les dates du
15 au 22 juin pour le lot témoin, du 15 au 29 juin pour le lot irradié &
2000 rad. Dans la deuxidme génération, on note respectivement: du
18 juillet au 9 aofit pour le lot témoin, du 18 juillet au 22 aoiit pour le lot
3 2000 rad, du 18 juillet au 30 aofit pour le lot 2 4000 rad. Un retard
du développement est donc plus manifeste dans la deuxi®me génération.

b) Larves dgées de 13 & 15 jours

La procédure fut la méme que précédemment: ponte du 9 au 11 mai;
actographie avant irradiation les 25 et 31 mai; irradiation le 31 mai
(larves dgées de 13 & 15 jours); actographie apres irradiation du 1¢ au
8 juin; contamination de nouveau blé par les adultes issus des divers
lots pendant 22 jours; actographie des larves de deuxi®me génération du
8 au 13 juillet. ’ .

L'activité des larves avant irradiation (fig.3) est beaucoup plus grande
que dans l'expérience précédente, en raison de leur développement plus
avancé. L'actographie apres irradiation révele que la dose de 16 000 rad
stoppe presque immédiatement 1l'activité larvaire., Par contre, le dévelop-
pement s'effectue jusqu'a 1'éclosion d'imagos dans les lots irradiés
2000, 4000 et 8000 rad. Toutefois, la comparaison des actogrammes
révele une activité un peu moins forte que chez les témoins, conséquence
d'une certaine mortalité larvaire et d'une perte de vitalité, Mais on ne
déctle un retard dans 1'éclosion des imagos que dans le lot irradié &

2000 rad pour lequel les apparitions d'imagos s'étalent du 15 juin au
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FIG.3. Irradiation de larves 3gées de 13 & 15 jours. A, actographie des populations larvaires avant
irradiation; B, enregistrements effectués 1, 2, 4 et 8 jours aprés l'irradiation; C, actogrammes de la
deuxieme génération larvaire engendrée par les adultes issus du lot témoin et des lots irradiés 3 2000,
4000 et 8000 rads. Noter que, dans ces derniers lots, 1'activité des larves est moins forte: retard du
développement et de 1'mergence des adultes, associé 3 une mortalité plus forte.

7 juillet, alors que pour tous les autres lots (t&émoins et irradiés) cette
période va du 15 au 22 juin.

L'examen des radiographies aprds la fin des éclosions imaginales
révdle les proportions suivantes entre le nombre de grains attaqués et
le nombre d'imagos sortis:

Témoin 2000 4000 8000 16000 rad
Grains attaqués 26 34 36 30 28
Adultes éclos 26 16 6 2 0 -

Ces radiographies montrent que, dans les lots irradiés, plusieurs
imagos sont morts 3 l'intérieur des grains. En particulier, on peut en
dénombrer huit dans le lot & 2000 rad. Ce fait pourrait traduire une
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certaine déficience des insectes et expliquer par ailleurs le retard des
éclosions. Par contre, dans les lots irradiés & 4000 et 8000 rad, on
déctle surtout une mortalité larvaire, les galeries étant inachevées et
moins développées, surtout dans le lot & 8000 rad.

Les adultes issus du lot témoin et des lots irradiés furent transférés
sur du grain sain, pendant 22 jours. La seconde génération des divers
lots donne respectivement 47 (lot témoin), 45 (lot & 2000 rad), 27 (lot &
4000 rad) et 20 imagos (lot & 8000 rad). Les actographies des populations
larvaires correspondantes révdlent une activité plus ou moins forte, qui
témoigne d'un retard dans 1'évolution des larves issues des lots irradiés.
En effet, alors que les éclosions d'imagos dans le lot témoin et dans le
lot & 2000 rad s'étalaient du 18 juillet au 22 aoiit, elles ont ét& notées du
18 juillet au 31 aofit pour le lot & 4000 rad, et du 9 au 30 aofit pour celui
3 8000 rad, -

En outre, la radiographie des populations larvaires de deuxitme
génération révdle une mortalité croissante avec les doses d'irradiation
regues par la génération larvaire parentale. On note en effet:

Témoin 2000 4000 8000 rad
Grains attaqués 48 50 39 42
Adultes éclos 47 45 27 20

On peut donc conclure que les doses d'irradiation intermédiaires
entre 8000 et 16 000 rad doivent entrainer 100% de mortalité dans une
population de larves Agées de 13 % 15 jours. Les adultes issus des larves
irradiées & 2000, 4000 et 8000 rad demeurent féconds, mais leur descen-
dance subit un retard important dans son développement et présente une
mortalité plus grande que les témoins.

c) Larves dgées de 19 A 21 jours

La procédure expérimentale fut la méme que dans les expériences
précédentes. La figure 4A montre que l'activité larvaire avant irradia-
tion était tout & fait comparable dans les divers lots. Apres irradiation
(fig. 4B), cette activité reste apparemment normale dans les divers lots,
mais aucun adulte n'éclot du lot irradié 4 16 000 rad. Le nombre d'adultes
issus des autres lots est respectivement de 28 (lot témoin), 24 (2000 rad),
21 (4000 rad) et 13 (8000 rad). Mais nous n'avons pas obtenu pour ces
lots de documents radiographiques corrects, par suite d'un incident tech-
nique, et n'avons pu, en conséquence, rapporter le nombre d'éclosions
au nombre de grains attaqués.

Les dates d'émergence des imagos s'étalent du 15 au 22 juin pour
tous les lots, sauf pour le lot & 2000 rad, pour lequel on note, comme
dans les expériences précédentes, certaines sorties tardives du 15 au
29 juin,

Ces adultes, mis 3 contaminer du blé sain pendant 22 jours, ont
donné des populations larvaires de deuxi®me génération dont nous repro-
duisons les actogrammes respectifs (fig. 4C), L'activité demeure faible
pour les lignées issues des lots irradiés & 4000 et 8000 rad, et présente
un net retard par rapport au lot témoin, Le nombre d'adultes issus
de ces divers lots a été respectivement de 50 (lot témoin), 30 (2000 rad)
et 12 (4000 rad); le lot & 8000 rad n'a donné aucun adulte. Les dates
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FIG. 4. Trradiation de larves 4gées de 19 3 21 jours. A, actogrammes avant 1'irradiation; B, aprés
1'irradiation; G, actogrammes des populations larvaires de deuxi®me génération engendrees par les
adultes issus des lots irradids et du lot témoin. Comparer la diminution croissante d*activité dans les
lots & 2000, 4000 et 8000 rads avec les données fournies par la radiographie.

d'émergence furent respectivement du 18 juillet au 22 aolit (lot témoin),
du 1% aoiit au 3 septembre (2000 rad) et du 9 aoflit au 3 septembre (4000 rad).
L'examen des radiographies de cette deuxitme génération larvaire
montre que le nombre de grains présentant des galeries larvaires est tr2s
comparable chez les témoins et chez le lot & 2000 rad (respectivement
42 et 45 grains attaqués), Mais dans le lot & 4000 rad, il n'y a que
14 grains présentant des galeries avancées, et deux seulement dans le lot
% 8000 rad. Par contre, on observe un grand nombre de piglires de ponte,
non associées A des galeries, dans le lot & 4000 rad, et peu de piqiires de
ponte dans le lot & 8000 rad.
Il est évident que les adultes issus des larves irradiées A 4000 et
8000 rad sont peu féconds ou peu fertiles, En particulier, les adultes
du lot & 4000 rad, s'ils laissent d'assez nombreuses piqiires de ponte,
doivent déposer des ceufs en majeure partie stériles. On peut penser qu'il

s'agit 14 d'effets de mutations létales dominantes, produites par l'irradia-
tion,
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2.3. Sensibilité des adultes — Effets de l'irradiation sur la fécondité

Apres avoir soumis des adultes A des doses d'irradiation de 2000,
4000, 8000 et 16 000 rad, nous les avons mis pondre dans des lots de grain
sain, Chaque expérience portait sur 10 couples disposant de 50 grains
de blé. Tous les cing jours, ces insectes étaient transférés dans un nou-
veau milieu, afin d'apprécier leur fertilité 0 & 5 jours, 5 & 10 jours,

10 4 15 jours et 15 & 20 jours apr&s l'irradiation.

L'activité des populations larvaires obtenues dans les divers lots fut
enregistrée & plusieurs reprises au cours de leur développement (tous
les 3 ou 4 jours); lenombre d'adultes éclos et les dates de leur émergence
ont été notés; enfin, les lots de grains furent radiographiés apres la sortie
des derniers imagos.

Les adultes issus de cette premire génération furent mis pour la
ponte dans de nouveaux milieux, pour comparer leur fertilité.

a) Descendance issue des pontes déposées 0 & 5 jours aprés l'irradiation

Les actogrammes (fig. 5) révlent l'absence d'activité larvaire dans
les lots d'adultes irradiés & 8000 et 16 000 rad. Le nombre d'imagos issus
des autres lots sont respectivement: 16 (lot témoin), 14 (2000 rad) et
9 (4000 rad). Les dates d'émergence s'étalent du 1°f au 7 juillet pour
les témoins, et du 1¥ au 12 juillet pour les lots irradiés. Lesradiogra-
phies montrent une surpopulation des grains dans le lot témoin, ce qui
explique une mortalité notable (50 grains attaqués ne donnent que 16 adultes),
mortalité imputable aussi partiellement & quelques acariens prédateurs
(Pediculoides ventricosus). Ce prédateur se retrouve aussi dans les lots
irradiés, mais il demeure évident que le nombre de grains ne présentant
pas de galeries larvaires s'acroit avec la dose d'irradiation. Le nombre
de grains attaqués par les différents lots fut de 38 (2000 rad), 19 (4000 rad)
et 0 (8000 et 16 000 rad). Cependant, le nombre de grains présentant des
piqiires de ponte non associées & des galeries larvaires est trés élevé
dans ces lots irradiés; ils sont particuli®rement apparents dans le lot
3 4000 rad et dans le lot & 16 000 rad.

On peut en conclure que, deés 4000 rad, un certain nombre d'ceufs ne
sont pas féconds, et que tous sont stériles apres irradiation & 8000 et
16 000 rad. Les adultes issus des lots & 2000 et 4000 rad purent donner
une descendance larvaire (deuxi®me génération), comme en témoignent les
actogrammes (fig. 5C). Le nombre d'adultes de deuxidme génération fut
respectivement de 44 (témoins), 40 (2000 rad) et 30 (4000 rad). A nouveau,
les dates d'émergence, du 9 aofit au 2 septembre dans les lots irradiés,
présentent un certain retard par rapport au témoin (du 9 au 28 aoiit).

Les radiographies des grains ayant hébergé cette deuxidme génération
montrent dans les trois lots de tré¢s nombreuses galeries larvaires. Mais
on note des galeries larvaires qui s'arrétent en cours de développement,
témoignage d'une certaine mortalité.

b) Descendance issue des pontes déposées 5 & 10 jours apres l'irradiation

A nouveau, dans cette expérience, seuls les lots & 2000 et 4000 rad
donnent naissance & des adultes, en petit nombre d'ailleurs: 2 (4000 rad)
et 6 (2000 rad), contre 44 (témoin). Le lot & 8000 rad présente un acto-
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FIG.5. Trradiation d'adultes: ponte 0 3 5 jours aprés l'irradiation, A, actogrammes des populations
larvaires enregistt8s 3 diverses périodes du développement; B, émergence des adultes de deuxizme
génération; C, actogrammes des populations larvaires de deuxidme génération.

gramme légdrement positif (fig. 6A) et la radiographie ultérieure des grains
révele au plus deux galeries larvaires inachevées. L'émergence des
adultes dans le lot témoin s'étale du 1¥ au 12 juillet, alors qu'elle se
prolonge jusqu'au 3 aolit dans le lot & 2000 rad. Les radiographies mon-
trent un grand nombre de piqlires de ponte dans le lot & 4000 rad, celles-
ci étant moins nombreuses dans les lots & 8000 et 16 000 rad, Ces piqiires
non accompagnées de galeries larvaires témoignent selon toute vraisem-
blance d'une mortalité importante au stade « ceuf » (ceufs inféconds).

La deuxi®me génération larvaire est peu abondante dans les lots 3
2000 et 4000 rad, comme le révtlent les actogrammes (fig. 6C) et comme
le confirment les radiographies. Les émergences d'adultes ont été res-
pectivement de 59 (témoin), 15 (2000 rad) et 1 (4000 rad). Dans le lot
3 2000 rad, les radiographies font apparaftre une certaine mortalité
tardive: 4 imagos morts dans le grain. Par contre, il ne semble pas y
avoir de mortalité au stade « ceuf» ou «jeune larve» (19 grains attaqués:
15 imagos vivants + 4 imagos morts).

¢) Descendance issue des pontes déposées 10 & 15 jours aprds l'irradiation

Les actogrammes (fig. 7) révdlent une activité larvaire tr¥s faible
et temporaire (début du développement) dans les lots irradiés & 2000,
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FIG. 6. Irradiation d’adultes: ponte 5 a 10 jours apres 1'irradiation. A, actogrammes des populations
larvaires enregistrés 2 diverses périodes du développement; B, &mergence des adultes de denxiéme
génération; C, actogrammes des populations larvaires de deuxigme gé€nération.
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Iecadistion dadoltes- ponte 10 3 15 jours aprés ircadation [ série 13 ) >

TEMOIN 2000r. 4000r. 8000r. 16000

28.6.66

1.7.68

4.7.66

FIG.7. Irradiation d'adultes: ponte 10 & 15 jours aprés 1'irradiation. Actogramme des populations
larvaires. Une tres faible activité temporaire se manifeste dans les lots & 2000, 4000 et 8000 rads.
Aucun des lots-irradiés n'a donné de descendance viable.
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Irradiation d'wuites ponte 15 3 20 jaurs aprés irradiation { séne 13 )

TEMOIN 2000r. 4000r. 8000r. 16000r.

25.6.66

g . B &
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FIG.8. Irradiation d'adultes: ponte 15 3 20 jours apres 1'irradiation. A, actogrammes des populations
larvaires; B, émergence des adultes de deuxitme génération pour le lot témoin et le lot a 2000 rads;
G, actogrammes des populations larvaires de deuxiéme génération,

4000 et 8000 rad. En fait, aucun adulte n'est sorti de ces lots. Les
radiographies montrent de rares galeries larvaires, jamais achevées,
mais par contre de nombreux grains avec des piqiires de ponte, en par-
ticulier dans les lots & 2000 et 4000 rad, 10 & 15 jours apres l'irradiation,
le taux de fertilité des ceufs est donc encore plus faible que dans 1'expé-
rience précédente,

d) Descendance larvaire issue des pontes déposées 15 & 20 jours apres
l'irradiation

Les actogrammes se révdlent & nouveau positifs pour certains lots
irradiés, trds nettement pour le lot & 2000 rad, faiblement pour celui
% 4000 rad (fig. 8). Ils demeurent nuls pour 8000 et 16 000 rad. Les
radiographies montrent d'assez nombreuses galeries larvaires completes
dans le lot & 2000 rad: 22 grains attaqués plus un certain nombre de grains
piqués, donnant 14 imagos. Dans le lot & 4000 rad, on ne décdle que deux
grains nettement minés, mais de nombreux grains piqués; aucun imago
n'est sorti de ce lot. Dans les lots & 8000 et 16 000 rad, aucune galerie
larvaire n'est décelable et on ne voit que trés peu de piglires de ponte,
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Les imagos issus du lot & 2000 rad donnent, en deuxi?me génération,
une population larvaire active {fig. 8C) et il en sortit 42 imagos pour
44 galeries larvaires révélées par radiographie,

11 semble donc raisonnable de conclure de ces diverses expériences
portant sur des adultes irradi€s que leur fécondité diminue graduellement
jusqu'd devenir nulle, du 1% jour au 15° jour aprds l'irradiation. Mais
passé ce délai, un regain de fécondité se manifeste, au moins pour les
adultes irradiés A 2000 rad. Cela pourrait correspondre & une nouvelle
poussée de spermatogéndse chez les miles irradiés, comme l'avaient
laissé prévoir les cbservations antérieures de Pesson et Vernier [8].

e) Irradiation d'adulies — Effets généraux sur la descendance

Une autre expérience a été entreprise sur des lots de 100 insectes
adultes (50 méles + 50 femelles) irradiés de 2000 & 16 000 rad, dont on
a suivi la descendance pendant deux générations successives. On a noté
le nombre d'imagos issus de chaque génération et le pourcentage de grains
attaqués dans chague étape de l'expérience, étant entendu que les géni-
teurs disposaient ici d'une masse de grain importante pour déposer leur
ponte, Les résultats sont donnés A la figure 9.

On constate qu'une dose de 8000 rad est suffisante, & L'égard des
adultes, pour annihiler tout développement larvaire. On remarque égale-
ment que des doses dlirradiation de 2000 & 4000 rad réduisent la descen-
dance respectivement de prés de 60% et de 85%.
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FIG. 9. Diagtamme soulignant 1"influence de 1'itradiation sur des adultes de Sitophilus zemais {50 couples
par expérience), en comparant le nombre de leurs descendants et 12 pombre de grains attaqués. Gl:
descendance de premidre génération. G2 descendance de deuxidme génération,

Cependant, A la deuxi®me génération, les adultes des lots irradiés
% 2000 et 4000 rad sont capables de redonner des populations larvaires
assez abondantes, qui attaquent les grains dans la proportion de 80%
(2000 rad) et 40 & 45% (4000 rad).



136 PESSON et GIRISH

CONCLUSION

Par l'emploi combiné de la radiographie des grains et de l'enregistre-
ment de 1'activité des stades endogés de Sitophilus zeamais % l'aide d'un
détecteur &lectro-acoustique trés sensible avec une trds forte ampli-
fication, il a &té possible de préciser 1'effet des radiations ionisantes sur les
divers stades de développement de cet insecte. La méthode permet en
particulier de déceler les réductions de fertilité en mettant en évidence
des pigiires de pontes non accompagnées de galeries larvaires et de stades
endogés actifs (ceufs stériles), Les principaux résultats observés sont
les suivants:

-La sensibilité de Sitophilus zeamais aux radiations ionisantes differe
selon le stade de développement,

-Le stade « ceuf» est le plus sensible, le stade « larve Agée» (19 )

21 jours) le plus résistant. Tandis qu'une dose de 2000 rad suffit pour
empécher toute éclogion des ceufs, il faut 8000 rad pour arréter compldte-
ment 1'évolution des larves 8gées, Cette méme dose de 8000 rad, appliquée
& des adultes, annihile également leur descendance larvaire.

-Une dose de 16 000 rad est nécessaire pour obtenir la destruction
complete d'une population mixte de larves et d'aduites dans un lot de grains,

-Les effets des radiations A faible dose (2000, 4000 et 8000 rad)} se font
encore sentir sur la deuxidme génération issue de larves ou d'adoltes
irradiés. Il s'agit en particulier d'une infertilité plus ou moins grande des
ceufs, conséquence vraisemblable de mutations létales dominantes, surtout
fréquente dans le cas d'irradiation de larves 8gées (19 % 21 jours).

-Les adultes irradiés présentent, mé&me apres des doses faibles
d'irradiation (2000 rad), une diminution de leur fécondité qui va en s'aggra-
vant du 1% au 15° jour apr¥s l'irradiation, et peut & ce moment aboutir
% une stérilité de fait. Mais, passé ce délai (du 15° au 20° jour aprds
llirradiation), les insectes retrouvent une certaine fécondité, conséquence
vraisemblable d'une reprise de la spermatogen®se chez les méles,
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DISCUSSION

G. LE MASNE: It would be interesting to find out from Professor
Pesson or Mr. Girishwhether they think the sounds recorded by the ¢leciro-
acoustic detector are emitted by the larvae during feeding (by rubbing the
jaws against the grain) or by moving about inside the cavity they have dug
for themselves in the grain.

P, PESSON*: The vibrations recorded by the electro-acoustic
detector may be due to either type of activity. The actographic recording
of the entire development of a grain-weevil larva from hatching toc emer-
gence of the imago (P. Pesson and M. Ozer, Ann, des Epiphyties (1968),
in the press} shows that the feeding activity of the larva is continuous,
being interrupted only in the process of shedding of the larval skin., The
period during which the pupal case is prepared and the pupal period itself
are characterized by peculiar noises. But these peculiarities can only
be detected by using the actograph on a single grain of affected corn.

W.J. KLOFT: An electro-acoustic actograph used during the irra-
diation process would possibly aliow registration of direct responses of
the insects. Do you know whether Busnel's apparatus will function when
exposed to ionizing radiation? I am sure that this would provide an in-
teresting line of experimental study.

P. PELEGRIN: I am not sufficiently well acquainted myself with
Mr, Busnel's actograph to be able to reply. However, I believe it should
be possible to investigate the insects during irradiation as you suggest,
since the radiation doses involved are relatively weak.

* Written reply received following the Symposium,






STERILISATION DE LA PYRALE DU MAIS
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Abstract — Résumé

STERILIZATION OF THE EUROPEAN CORN BORER Ostrinia pubflalis Hb., BY GAMMA IRRADIATION,
Pupae and iarvae of Ostrinis nubilalis Hb, were irradiated with a cobalt-6¢ source, The dose rate was
about 1040 rad/min. The effects of different doses on the survival of the pupae, the length of life of the
adults, sexual behaviour, fecuadirty and fertility were studied. Larvae at the end of their development
exposed to 5, 10, 15, 20, 25 and 30 krad gave respectively 80, 77, 23, 16, 13 and 10% of pupae; the
non-pupated larvae oftearemained alive in their cocoons for four months or more, At 10 krad and above, no
adults hatched, At 5 krad, 83% of adilis were obtaineds the males and females which harched showed a
ferzility of only about 1%, their sexual behaviour, fecondity and length of life being reduced, The
sensitivity of the pupae decreased with age; 6- and 12-day-old specimens irradiated ar 10 krad gave a
harching rate of 42 and 100% respectively, A dose of 20 krad applied to femnale 12-day-old pupae was
sufficient to make the eggs inferzile, while a dose of 40 krad was needed 10 ensure rthat irradiated males
coupled with nortnal females gave rise to totally sterile batches of eggs. When groups of srerile burterflies
{25 inales, 25 fetnales or 25 individuals of both sexes) were introduced into 2 cage containing five normal
butterflies of each sex, the number of viable eggs laid was reduced, the maximum reduction being
for the proportion 25+ 2%: §: 5. It would therefore seem advantageous to release both irradiated males
and females together.

STERILIBATION DE LA PYRALE DU MAIS (Ostrinia nubilalis Hb) PAR L'IRRADIATION AUX RAYONS
GAMMA, Les pupes et les Earves de Ostrinia nubilalis Hb. ont &t& irradiées avec une source au cobalt-60.
Le débil de dose étair environ de 1040 rads/min, Les effers de doses variées sur 1a survie des pupes, la
longévité des adultes, le comportement sexuel. la fécondité er La fertilité onr &1& examinés. Des larves
en fin de développement exposées & 5, 10, 15, 20, 25 et 30 lrads donnent respectivement $0, 77, 23,

16, 13 er 10% de pupes; les larves non pupéfides restent souvent vivantes dans lewrs cocons pendanr

4 mois on plus. A 10 krads et plus, aucun adulte n' &ciot. A 5 krads, on obuient 62% d'adultes; les
mites et femelles &clos montrent une fertilité de seulement 129% environ; mais le compartement sexuel,
1a fécondité et la durge de vie sont réduirs. La sensibilité des pupes diminue avec 1'fige: des pupes de

6 et 12 jours irradides 2 10 krads donnent ¢2 et 100% d' &closions. La dose de 20 krads appliquée 2 des
pupes de 12 jours suffit chez la fernelle 2 rendre les ceufs inferriles. I faut une dose de 40 krads pour que
tes miles irradiés, accouplés a des femelles normales, provoquent des pomces toralement stériles, Lorsque
des groupes de papillons stériles (25 miles, 25 femelles ou 25 individus de chaque sexe) sont inteoduirs
dans une cage contenant 5 papillons normaux de chaque sexe, les nombres d*ceufs viables pondus sont
téduirs; la réduction maximale intervient pour le mélange 25: 25; 5: 5, Il paraft donc plus intéressant

de licher 3 ta fois les miles er les femelles frradics,

* Travail effectué en I966-1967 pendant un stage en France organisé par I' ASTEF (Associarion pour

Iorganisation des stages en France).

dok
Adresse permanente; Pakistan Atomic Energy Commission.
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1. INTRODUCTION

L'action des rayons X sur la Pyrale du mais, Ostrinia nubilalis Hb.
{L.epidoptera: Pyralidae) a été étudiée par Walker et Brindley [1].
L'action histopathologique des rayons gamma sur les tissus ovariens du
méme insecte a été étudiée par Sun et Lee [2].

11 nous a paru intéressant d*examiner ltaction de rayons gamma d'une
gsource de %0Co sur les larves et les nymphes de la Pyrale du mais.

2. MATERIEL ET TECHNIQUES D'ETUDE

Les insectes utiligés proviennent d'un élevage permanent d'Q. nubilalis
au laboratoire.

Les larves sont élevées sur un milieu artificiel 3 base de germe de
blé suivant la méthode mise au point par Mme Guennelon, i la Station de
zoologie agricole de Montfavet {travaux non publiés). Les larves
sont alimentées individuellement dang des tubes en matidre plastique de
5 cm de longueur et 1 ¢m de diametre, remplis aux deux tiers de milieu.
L'élevage est effectué dans une pidce climatisée & une température de
25°C et une humidité relative de 80%, éclairée pendant 18 heures par jour
par des tubes fluorescents, Dans ces conditions, la diapause de la larve
d'Q.nubilalig est évitée. La nymphose s'effectue & partir du 16® jour de
fagon générale; la larve du dernier stade tisse un cocon de séie contre
la paroi du tube avant de ge chrysalider., Chaque jour les tubes contenant
des nymphes sont prélevés ¢t placés dans une autre piéce climatisée a
une température de 22°C et une humidité relative de 80%. Avant l'irradi-
ation, les nymphes sont extraites des tubes et sont séparées par sexe.
L.a durée de la nymphose est d*environ 12 jours.

Pour 'accouplement des adultes nous avons utilis€ des cages
eylindrigues en matitére plastique de 20 cm de diamétre et 25 cm de
hauteur. Les couvercles en grillage plastique sont fixés avec une bande
adhésive. Pour les contrbles de fécondité des adultes et de viabilité des
ceufs, on tapisse les parois de la cage avec du papier gulfurisé, sur
lequel les papillons déposent leurs ceufs,

Une fois par semaine les adultes sont changés de cages, les pontes
sont comptées. Un certain nombre de pontes sont gardées pour contrdler
la viabilité des ceufs, et les larves écloses sont comptées chaque jour,

On place cing couples par cage, suivant différentes combinaisons
(méfle irradié X femelle non irradide; femelle irradiée Xméle non irradié;
témoins, maile et femelle non irradiés). On installe eing cages par com-
binaison. Les femelles sont disséquées aprés leur mort pour compter
les spermatophores.

Dans d'autres expériences comportant des mélanges de populations,
des cages grillagées sont utilisées. Ces cages sont analogues i celles
qufutilisent Guthrie et al.[3]. La technique d'obtention des pontes est la
méme que celle adoptée par ces auteurs. Les pontes sont récoltées
apres 7 jours et sont gardées pour le contrdle de la viabilité des ceufs.

Ces cages sont placées dans une pikce climatigée i une température
de 22°C et une humidité relative de 80%, 3 la lumikre naturelle, On
utilise seulement les adultes qui ont éclos dans les 24 heures suivant
I'irradiation. Les adultes sont nourris avec de 1'eau sucrée & 5%.
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Les irradiations ont été effectuées avee un irradiateur de $¢Co de
1400 Ci au Service de radio-agronomie du Centre d'études nucléaires de
Cadarache. Le débit de dose était d'environ 1040 rad/min. La dosi-
métrie a été effectuée pour chaque exposition.

3. RESULTATS

3.1. Irradiation des larves

Les larves du dernier 8ge (15 j) ont été irradides & des doses de §
A 30 krad. Apres l'irradiation les larves sont retransférées, individuelle-
ment, dans les tubes avec le milieu frais pour la nymphose,

3.1.1, Nymphoses et éclosions

Le tableau I montre que, méme & la plus faible dose de 5 krad, il ¥
a des larves qui ne se nymphogent pas; elles restent vivantes pendant
plus de ¢ mois dans une attitude caractéristique deg larves en état de
diapausge (alors que les témoins dans les m&mes conditions se nymphosent
tres rapidement). Nous n'avons cependant pas pu obtenir de reprise de
développement, bien que les larves aient été placées dans différentes
conditions de température. Pluasieurs auteurs {4,5] ont déja signalé,
chez d'autres ingsectes, que 1'irradiation des larves provoque un arrét

TABLEAUI. EFFETS DU RAYONNEMENT GAMMA SUR LES
LARVES DU DERNIER AGE D'Qstrinia nubilalis Hb.
(30 larves par dose)

Nombre de lar
BDose ombre de farves Nombre de nymphes Nombze d'adultes
taortes avane la
(krad} a mogtes éclos
nymphose
0 0 2 28
5 3 8 19
10 1 23 0
15 23 ki v}
20 25 ] 0
25 26 4 o
30 27 3 0

a
Y compris kes larves dont le développement s est arréré.



142 ANWAR

de développement de type diapause et Vasilyan [6] aurait montré que, chez
Pectinophora malvella, 1'irradiation des larves du dernier dge cause un
véritable état de diapause.

Le nombre de nymphes formées devient trés faibie pour les doses
supérieures & 10 krad, Mais aucune éclosion de nymphes n'est constatée
pour des doses cde plus de 5 krad appliquées aux larves du dernier fge.

3.1.2. Stérilité obtenue

Les adultes issus de larves irradiées & 5 krad montrent {(tableau II) une
fécondité, une fertilité et une longévité assez réduites. La fertilité est
réduite a4 12% environ, mais la vigueur sexuelle semble diminuée; on
constate en particulier que de nombreux couples d'insectes ne peuvent pas
se séparer aprés 'accoupiement {28% des couples méle irradié X femelle
non irradiée et 16% des couples mile non irradié X femelle irradiée),

TABLEAU II. FECONDITE, FERTILITE ET LONGEVITE DES
ADULTES D'Ostrinia nubilalis Hb. ISSUS DE CROISEMENTS
D'INSECTES NON IRRADIES AVEC DES INSECTES ISSUS DE
LARVES IRRADIEES A § krad

Nature Longévire
des Nombre Nomb des adultes
Dose CTOiSements d'eeufs ? e (i)
d'cenfs
(krad) par .
femelle
Méile Femelle Mile Femelle
Q N N alc 60,8 20,8 20,6
1 N 376 11,6 13,3 20,2
2
N I 76 13,7 27,3 11,58

N = non irradié, I = irradié,

3.2, Irradiation des nymphes

3.2.1. Eclosions

Des doses de 10 et 15 krad ont été appliquées a des nymphes d'iges
différents. On voit dans le tableaun III que ces deux doses ont A peu prés
la m&me action, l'irradiation 3 12 jours ne diminuant pas les éclosions
par rapport aux témoins.

Les doses de 20 & 50 krad ont €té appliquées & des nymphes de 12 jours.
Seule la dose de 50 krad provoque une légére diminution des éclosions
par rapport aux témoins.
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TABLEATU III. EFFETS DU RAYONNEMENT GAMMA SUR DES
NYMPHES D'Ostrinia nubilalis Hb. A DIFFERENTS AGES
(60 nymphes par casg)

Pourcentage d'éclotion des adultes
age par rappoct aux témoins
4]
10 kead 15 krad

Témains 100,0 100,00
P 0,0 0,¢

4 4.0 4,0

8 42,3 34,6

8 13.2 57,3

10 86,6 82,0
12 100, 0 95,4

3.2.2, Stérilité obtenue

L.a stérilité a £té examinée en mettant chague fois en présence dans
la m&me cage cing miles et cing femelles irradiées ou non, Les doses
utilisées allaient de 10 & 50 krad.

Un essai sur des nymphes 8gées de 6 jours & la dose de 10 krad a
montré une fertilité chez les miles irradiés réduite & 22, 7% (témoin
77, 6%).

L'essai complet a porté sur des nymphes &gées de 12 jours. lL.e
nombre moyen d'ceufs pondus par des femelles normales n'est que
faiblement influencé par 1'accouplement avec des méles irradiés, quelle
que soit la dose. Par conire, chez les femelles irradiées, le nombre
moyen dtceufs pondus ditninue progressivement (fig. 1),

La fertilité des ceufs pondus par des femelles irradiées croisées
avec des miles non irradiés est presque nulle dés la dose de 10 krad et
devient nulle & partir de 20 krad. La fertilité des ceufs résuliant du
croigsement m2le irradié X femelle non irradiée diminue progressivement
pour devenir nuile & 40 krad {fig. 2).

3.2.3. Viguear gexuelle
La vigueur des miles issus de nymphes irradiées i différentes doses

a été examinée, Le critére était le nombre de spermatophores présents
dans les femelles aprés leur mort. Pour des doses de 10 i 40 krad, le
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FIG.1. Fécondité résultant de croisernents insectes normaux X insectes issus de nymphes de 12 j irradifes
aux doges de 10 & 50 krad (la fécondité des t8moins non irradiés Etait de 554 cenf).
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FIG.2, Fertilité résultant de croisements insectes pormaux X insectes issus de nymphes de 12 j irradifes
aux doses de 10 3 50 krad (la fertilit? des t&moins non imadiés &tait de 789,

nombre moyen d'accouplements par mle restait comparable i celui du
témoin (1, 45 dans les conditions de nos expériences); 1 était plus réduit
{0, 95) pour 50 krad. La vigueur sexuelle des méles ne parait donc pas
diminuée aux doses stérilisantes. Lorsque des femelles irradiées sont
mises en présence de miles normaux, les nombres d'accouplements par
m#Ble ne subissent pas de diminution, ce qui montre que ces femelles
restent aussi réceptives que des femelles non irradiées,
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VIABILITE DES CEUFS D'Qstrinia nubilalis Hb,
RESULTANT DU MELANGE DINSECTES STERILES ET
D'INSECTES NORMAUX EN DIFFERENTES PROPOR TIONS

Nombze. d' adultes par cage

Nombre 4'ceufs

fertiles par femelle

Stériles Normaux normale {premidre

semaine de ponte)

Mille Femelle Mile Femelle

0 4 5 i 183
0 [H ] a 204
0 O 3 ] 230
0 0 L) 5 218
25 25 8 ] 0
25 25 5 5 0
25 25 ] & 0
25 25 8 g 52
25 0 5 5 111
25 0 5 5 14
25 0 L] 5 101
25 0 a ] 54
0 25 5 5 201
0 25 5 5 102
0 25 5 5 150
0 25 3 5 z8
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3.3. Mélanges de populations

Quelgques essais de mélanges d'insectes irradiés (& la dose de 40 krad
appliquée 4 des nymphes de 12 jours) ou non en proportiong variables ont
été réalisés. Les résultats sont indiqués dans le tableau IV, Le résuitat
le plus remarquable ressort de la comparaison des mélanges, méiles
gtériles, femelles stériles, miles normaux et femelles normales, dans
les proportions: 25:0:5:5 et 25:25:5:5. Le fait de mélanger ces populations
complites, normales et irradiées, dans la proportion de 5 & 25 provoque
une stérilité i peu prés absolue. Par contre, si cette proportion de
5 & 25 est limitée aux méles, la stérilité provoguée reste réduite., Ceci
montre que, dans les conditions de nos essais, le fait d'ajouter des
fernelles stériles joue un rdle important dans la diminution de la fertilité.
L.e m&me phénomene a €té mis en évidence par Husseiny et Madsen [7]
sur Paramyelois trangitella, Par contre, Proverbs et Newton [8], sur
Carpocapsa pomonella, indiquent qu'il parait préiérahle de ne pas licher
de femelles stériles. D'autre part, dans notre essai le fait de licher
seulement des femelles stériles {0:25:5:5) ne provogue pas régulidrement
la stérilité, contrairement aux résultats obtenus par Elbadry [9] sur
Gnorimoschema operculella,

Ceci montre que les résultats de mélanges de populations stériles
et normales peuvent étre tres différents d'un insecte & 1'autre. Ces
différences peuvent &ire liées a d'importantes variations dans le
comportement, surtout dans les conditions trés artificielles du labora-
toire, Elles ne constituent que des indications et doivent &ire reprises
dansg des conditions aussi proches que possible des conditions naturelles.
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DISCUSSION

R. CAVALLOROQG: Could you please give us the recipe for the syn-
thetic medium on which you reared your Q. nubilalis larvae?
M. ANWAR: Certainly; the medium used consisted of the following:

Distilled water 170 cm® Corn oil G.4 cm3
Agar agar 5g Wesson mineral sailts 2 g
Cellulose 6 g Brewer's yeast 6g
Wheat germ 10 g Ascorbic acid lg
Casein proteolysate Tg Balanced vitamins 4 g
Glucose 3.5 g Benzoic acid 0.25¢g
Cholesterol 0.6¢ Nipagin 0.20g

R.C. VON BORSTEL: Is the species you studied here identical to
that studied by Walker [Reference (1] inyour paper) anddo you get the
same dose-effect curves for sperm irradiation?

M. ANWAR: We used the same gpecies {Ostrinia nubilalis Hb. ) but
Walker's sterilizing dose was 32 krad of X-rays, administered to the
adult insect, whereas ours was 40 krad of gamma radiation, administered
to the mature pupae.

R._C. VON BORSTEL; I understand you used five pairg of moths in
the breeding tubes in each case. It would appear that the pair matings
were not wholly successful, I wonder whether one of the females in your
mass matings did not mate. If such a virgin female then laid her eggs
this would give an egg hatchability of 80% in the control experiment.
Carresponding reductions would also occur in the irradiated groups.

M. ANWAR: We always obtained over 90% mating, in control ag well
as in sterile ingsects.

I.A. KANSU: In your work on Q,nubilalis and S. exigua why did you
illamine the laboratory for 18 hours a day? I always thought that these
two species were less active in the light,

M.ANWAR: We used fluorescent tubes for 18 hours a day simply to
prevent diapause of the larvae.

I.A. KANSU: You found a life-span of 20, 8 days for the male and
20.6 days for the female of the species in this work, I was under the
impregssion that the female lived the longer. I notice thai Table II alsc
shows a life-span of 27, 3 days for the male, Could you please elaborate
on these results?

M. ANWAR: My experimental work has never revealed a significant
difference in longevity of the male and of the female, but I did observe
that those males which mated only a few times lived longer than those
which mated more often.

K.EK. NAIR: Is there any evidence from your studies to support the
view that a first mating is more important than subsequent matings? I
raise this point because it has been shown in some species that if a normal
female ig mated to an irradiated male and then mated to a normal male
most of the eggs are found to be sterile,

M. ANWAR: I am afraid ] have not studied this point.

B.R. LEROIL: For your experiment on mixing together normal and
sterile males and females {Table IV} have you any results for after the
first week of oviposition? I am trying to ascertain whether when normal
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females show no indication of fertility this is an inherent incapability or
whether it is simply due to a time-lag in the physiological process
involved.

M. ANWAR: No, I observed this insect for a period of one week only.
The female moths laid most of their eggs within the first week after being
put in the cages.

C.A. PELERENTS: Do the virgin females oviposit and are there any
features whereby it is possible to distinguish between the sexes at the
larval and pupal siages?

M. ANWAR: Our results indicated that virgin females could lay up
to 429 eggs. We did not differentiate the sexes at the larval stage,
before irradiation, but this was done on the pupae by examining the under-
side of the abdomen with a magnifying glass. In this case, as for many
species of Lepidoptera, the position and appearance of the genital orifice is
different for the male and female.

B. NAGY: Could you give any more details as to the stage of develop-
ment of those embryos which died in the egg? I should be interested to
learn whether they died in an early or late stage of their embryonie life.

M. ANWAR: We irradiated the male moths at the pupal stage with
sterilizing doses of up to 40 krad, and found that there was embryonic
development up to the 'black head' stage in about 90% of the eggs laid by
the females mated with them. However, these larvae could not hatch out
of the shell and eventually died.

B. NAGY: Do you think it will be feasible to control the European corn
borer by means of the sterile-male technique? One has to bear in mind
that thie species is very widely distributed and the aduits can fly many
miles in one night during the flight stage, especially in stormy, windy
weather and this may contribute significantly to dispersal of the adults.

M. ANWAR: My laboratory results, set out in Table IV, showed
clearly that sterile insects are competitive with normal insects. It is
quite probable that they will compete in the field as well.

V. LABEYRIE: The second set of results in Table IV of your paper
shows only one group of females out of the four as laying eggs. Does this
mean that the five females of each group remained virgins and hence that
the normal males must have selected the sterile females, or that the
fernzles mated with sterile males? Did you investigate for spermatophores
inside the females?

M. ANWAR: The adults of O.nubilalis are capable of mating from the
first two days after hatching. I studied these insects for seven days and 1
do not think that the females remained unmated for as long as that. I
did not, however, dissect the females to look for spermatophores.
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Abstract

INFLUENCE OF DIAPAUSE ON THE RADIOSENSITIVITY OF KHAPRA BEETLE LARVAE. Studies to
determine the effects of varying periods of diapause on the radicsensitivity of the larvae of
Trogoderma granarium showed practically ne mortatity in the iradiated larvae during diapause, but only
efter the d{apause was broken at 38"C. As the calculated LDgqs for 10, 20 and 30 days of post-irradiation
diapause were not significantly differeny, it was also evident that incieases in the length of diapause time
had no slgnificant effect on post-diapause survival ime, On the other hand, pupation seemed to be
influenced by the duration of dizpause in the imadiated larvae. This effect was best discem{ble at low
doses, The significance of these findings is discussed.

1. INTRODUCTION

In a previous communication [1], the authors reported that when the
larvae of the Khapra beetle, Trogoderma granarium Everts, were
irradiated with 5 and 8 krad and maintained in a diapausing state, mortality
was remarkably low, and that it manifested itself after the diapause was
broken by raising the ambient temperature to 38°C. Further studies
were conducted with the same species to determine whether increases
in diapause time at a much lower temperature (20°C), after irradiation
with various doses of gamma radiation, would influence its radiation
sensitivity with respect to larval mortality and pupation.

2. MATERIALS AND METHODS

The larvae of the Khapra beetle used in these studies were collected
at random from a laboratory culture of 5th and &th instar larvae
maintained at 30° + 2 degC. They were irradiated with doses ranging
from 5 to 18 krad in a cobalt-60 source at a dose rate of 1,5 X 10% krad/h.
After irradiation the larvae were separated into three groups and kept
at 20° + 0.5 degC with crushed wheat as food. After 10, 20 and 30 days
at this temperature the diapause was broken by transferring the larvae
to 38°+ 1 degC and they were maintained at this temperature till the end
of the experiment. Four replicates of 50 larvae each were used for each
jrradiation dose level, The same number of replicates of 50 larvae each
were simultaneously kept as control, Larval mortality and pupation in

* present address: Pestology Center, Dept, of Biological Sciences, Simon Fraser Univemity,
Burnaby, B.C., Canada.
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the various groups were recorded at daily intervals. The data on the
cumulative mortality after 10 days of post diapause were subjectied to
probit analysis for the calculation of LDg,;. The larval mortality that
occurred during diapause was not considered in caleulating LD,,.

3. RESULTS AND DISCUSSION

It is evident from the results that practically no mortality occurred
in the irradiaied larvae during diapause at 20°C {Figs 1-3). Radiatlion
damage manifested itself only after the diapause was broken at 38°C.
The calculated LDg, values for 10, 20 and 30 days of diapause were
18.22, 16.03 and 16.9 krad, respectively. As these values did not differ
significantly, it was also evident that increases in the length of diapause
time had no significani effect on posi-diapause survival time (Table I).

MORTALITY (%)

o Y I T T
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FIG. 1. Effect of 10 days' post-imadiation diapause on Jarval mortality
95 krad; A =8 krad: ®=8 kead; O = 10 krad; & = 14 krad; O= 18 krad
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FIG. 2., Effect of 20 days' post-iradiation diapause on lacval mortality
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FI. 3. Effect of 30 days' post-Trradiation diapause on larval moertality

TABLE I, ETFFECT OF DURATION OF POST-IRRADIATION
DIAPAUSE ON THE LD50(10 DAYS) FOR THE LARVAE OF
Trogoderma granarium EVERTS

Fiducial
iimits of
Posi-irradiarion Heterogeneity Regression equation LD, (krad) 1D, with
diapaunse in days ¢ S.E, 95% confi-
dence
10 ¥E(5) = 28,1 Y =2.019+ 2,464 X 16,22 £ 0,08 15,080
17,360
20 V(s = n2 Y=1,46% + 2,83 X 16.03 £ 0.02 14,935
17.125
30 ¥2(5) =15.0 Y = 0,489 + 2,676 X 16.9 0,017 15,896
17,004

Y = Probit kill; X = Lg dose; LD, = Radiation dose calculated to give 50% kill,

Burges [2] studied the behaviour of diapausing and non-diapausing
larvae of Trogoderma granarium. He observed that a dormant larva
spent long periods without feeding or moving and that its rate of respiration
was probably at a basal level, However, when the temperature became
favourable, the larva emerged from the dormant state, with a consequent
increase in its rate of respiration, which was about two to six times that
of a dormant larva. The inverse relationship between survival of an
irradiated organism and its metabolic rate is well known [3]. In the
diapausing state, radiation damage remains latent and expresses itself
only when the metabolic rate is accelerated by breaking the diapause.
This explaing the absence of any protective effect by the intervening
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diapause. A similar effect was also observed in hibernating squirrels
{4] and marmots [5].

Pupation occurred only after the diapause was broken and occurred
mostly within the first 10 days of post-diapause peried. Although it was
observed at doses of 10 krad and below, adult emergence was seen only
up to § krad, indicating that at 8 and 10 krad death occurred in the pupal
stage (Table II).

TABLE II. EFFECT OF POST-IRRADIATION DIAPAUSE ON
PERCENTAGES OF ADULT EMERGENCE (Trogoderma granarium)
FROM PUPAE FORMED

Dose (krad) Post- irradiation diapause (days)
10 20 30
0 96.3 98,9 99.5
5 83.17 85,5 88.3
8 56,8 63.3 88,2
8 0.0 0.¢ 0,0
10 0,0 0.0 0.0

The duration of diapause alone had no significant effect on the number
pupated in the non-irradiated control. Pupation was 94.5, 94.0 and 92.0%,
respectively, when the diapause lasted for 10, 20 and 30 days, However,
pupation in the irradiated groups was influenced, not only by the radiation
dose, but also by the duration of post-irradiation diapause (Fig. 4).
Analysis of variance of the data on pupation in the irradiated groups
subjected to different post-irradiation diapause periods showed that the
differences observed in pupaiion were significant at 1% level. The F
value for interaction between radiation and diapause is 6.17%*, It was
observed that the number pupating in the irradiated groups tended to
decrease with increases in diapause time. This suggested inereased
radiation damage in those subjected to the longer post-irradiation diapause.
In our earler studies (loc. cit.} it was observed that when the irradiated
larvae were maintained continuously at 38°C, pupation occurred up to a
dose of 12 kyrad, while in the present studies it occurred only up to a
dose of 10 krad when a post-irradiation diapause intervened. These
results suggested a more rapid progression of radiation damage in the
larvae subjected to diapause at 20°C than in those maintained without a
diapause. The facior that contributed to this acceleration of damage
could be due to the higher metabolic rate of the larvae preconditioned
to a temperaiure of 20°C, The rates of oxygen consumption of the
larvae reared at 38°C and those of the larvae in which diapause was
induced at 20°C for 10 days were determined in a Warburg apparatus at
38°C. The oxygen consumption of the former was 160 u1/mg per hour,

*#¥ = very significant
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FIG. 4. Effect of 10 (o), 20 (#) and 30 (A) days" post-irradiation diapause on pupation

while that of the latter was 203 ul/mg per hour, This difference was
statistically significant (P = 0,01), The increased rate of oxygen
consumption indicated increased metabolic rate which would then result
in a more rapid progression of the damage in the irradiated larvae.
This could account for the absence of pupation above 10-krad level when
a post-irradiation diapause intervened. The same metabolic effect could
also explain the damage differential observed when the posi-irradiation
diapause time was increased. Williams [6] studied the effects of graded
exposures of the diapausing pupae of Cecropia silkworm to 6°C on the
initiation of adult development after transferring them to 25°C, He
observed that for 5, 10 and 20 weeks of diapause the rate of development
increased markedly with the length of diapause fime, This suggested an
accelerated metabolic rate according to the length of prior chilling,
Though the authors did not determine the oxygen consumption of the Khapra
beetle larvae subjecied to diapause for 20 and 30 days, their results for
the 10-day diapause period and those of Williams (loc, cit.}showed that
the metabolic rate was considerably influenced by the duration of diapause
in the cold. Larvae which had a Ionger pericd of diapause showed a
higher metabolic rate when the diapause was broken. As the time of
survival of an irradiated organism is inversely proportional to the meta-
bolic rate, the radiatiorn damage progressed more rapidly in the larvae
subjected to longer post-irradiation diapause than in those exposed for a
shorter pericd. This explained the progressive decrease in pupation
according to the increase in the length of the post-irradiation diapause.
Since high doses of radiation tended to limit pupation, the influence
of pogt-irradiation diapause was best discernible at lower doses, At
10 krad this effect appeared more or less masked by the effect of the
radiation dose itself, This, apparently, was the reason why there was
no influence of the post-irradiation diapause on the LD, for larval
mortality, as no pupation occurred at this dose level (186 krad),
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DISCUSSION

H. ERDMAN: Have you tried modifying the gaseous environment,
for instance by using nitrogen instead of air, during radiation exposure
and afterwards in order to determine the effect of different atmospheres
on diapause and radiosensitivity?

G. W. RAHALKAR: No, we have not,

I.A. KANSU: Did you observe any diapause at the early larval stage
in the Khapra beetle?

G.W. RAHALKAR: Diapause in this insect is influenced by
environmental factors and is not peculiar to any particular developmental
stage.
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Abstract — Résumé

THE EFFECT OF GAMMA RADIATION ON THE FERTILITY AND LONGEVITY OF Dolichoderus
quadripunctatus (HYMENOPTERA: FORMICOIDEA DOLICHODERIDAE), The author studied on a batch of 27
colonfes of the ant Dolichoderns quadripunctatus the effect on longevity and fertility of gamnma irradiation
at doses between 12 500 and 150000 rad. The results are presented in the paper, For colonies consisting
solely of workers, the mortality curve is 1inear with doses between 150 000 and 50 000 tad. The LDgq 15
reached in 4days for the 150 000-rad dose and 16 days for the 50 000-rad dose. The lowest dose used in the
experiments {12 500 rad) produced an LDg, after 18 days. For the contrel colonies, the LDy occurred within
about thirty days,

Fertility, which 15 normally regular and constant in colonies of workers of Dolichoders quadripunctatus
is expressed by the R, F, ratio [R.F. =reproduction factot=(number of eggs)fmumber of workess at the
beginning of the experiment)]. The R.F. of the control (uniradiated) colonies was about 1, 80, while that
of the frradiated colonies ranged from 0 to 0,06, These extremely low values showed that to all intents
and purposes the treated colonies were made sterile. This sterflity was final, no laying being cheerved in
the irradiated colonies, by the time they died out.

in colonies with & queen, only the gueens were imadiated, with garnma doses of 50 000, 100000 and
150 000 rad, The results obtained for Jongevity shawed {n every case a considerably higher resistance of
the females than the workers under the same conditions, Where festility Is concemed, the irradiated
females showed a considerable and almost immediate reduction in egg jaying. This was followed in the
colonies by & resumption of laying by the workers, since the queen could no longer jnhibit this. The
fertility of the irradiated females subsequently diminished, and became nil from the eighteenth day.

The queens did not theieafter resumne laying,

EFFETS DES RADIATIONS GAMMA SUR LA FERTILITE ET LA LONGEVITE DES COLONIES DE
Dolichoden:s guadripunctatus (HYMENOPTERE: FORMICOIDEA DOLICHODERIDAE), Les auteurs on étudié sur
un lot de 27 colonies (avec ou sans refne) de la fourmi Dolichoderus quadripunctatus les effets, surla
longévité et la fertilité, d”irradiations garnma 2 des valeurs comprises entre 12 500 et 150 060 rad;
les résuiltats obtenus sont donnés danz ie mémoire.

Dans le cas des eolonies exclusivement composées d° ouvridres la courbe de mortalité est linSaire
pour des valeurs comprises entre 150 000 et 50 000 rad. La DL50 est atteinte en 4 jours pour la dose de
150 000 rad, et 16 jours pour la dose de 50000 rad. Aux valeumsltesplusfaibles(12 500 rad) Ia DL 50 s"obtient
aprds 18 jours. Pour les colonies témwoins 1a DL5G s" obtient en 30 jours environ, La fécondité, qui est
habituellement régulidre et constante dans les colonfes d* ouvridres, est exprimée par le rapport
QR = quotient reproducteur = (rombre d'@ufs/tombre d'ouvridres au début de 1'expérience). le OR des
colonies térmoins (0" ayant subi aucune irradiation) a pour valeur 1,60 enviton. Le OR des colonjes traitées
varie eptrs 0 et 0,06, Ces valeurs extr@mement faibles montrent que les colonies trajt&es sont devenues
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pratiguement stériles, Cette st&rilité est définitive, car jusqu'l 1'extinction de Ia colonie, aucune ponte
a'a pu 8tre observée dans les colonies Irradifes.

Dans les colonies avec reine, seules les reines subissent une irradiation gamma, aux valeurs de
50000, 100000 et 150 000 rad. Les résultats obtenus concemant 1a longévité moatrent dans tous les cas
une résistance considérablement plus ElevEe des femelies que pour les ouvritres placges dans les mEmes
conditions. Pous ce qui est de la fécondité, on observe chex lesteines irradifes un ralentissement
considStable et quasi immédiat de leur ponte, Ce ralentissement est suivi dans les coloates par e reprise
de 1a ponte des ouvridres: 1a reine ne peat plus exercer 1'inhibition de leur ponte. Par la suite, 1a
fécondité des reines irradifes diminue et devient nutle A partir du 18°% jows. 1l ' ¥ a plus de reprise de la
ponte des reines par la suite.

INTRODUCTION

Dolichoderus quadripunctatus est une fourmi arboricole que 1'on
rencontre couramment dans les foréts de chéne de la région Toulousaine.
Elle constitue des colonies polycaliques. On rencontre essentiellement
deux types de colonies: les colonies exclusivement composées par des
ouvritres, et les colonies composées par des ouvrikres accompagnées
d'une reine [1, 2],

Lorsqu'elles évoluent sans relations entres eiles, les colonies du
premier type (colonies d'ouvritres) pondent abondamment, et les ceufs
donnent naissance & des méiles. Les colonies du second type (colonies
d' ouvritres avec une reine) se caractérisent au contraire par une ponte
exclusive de ia reine. Les ouvridres en présence de la reine ne pondent
jamais [1, 3, 4]. Les ceufs de reine donnent naissance, soit & des
ouvrieres {cas général), soit & d'autres reines (dans des conditions
particuli®dres que nous avons définies et exposées dans de précédents
mémoires {5]).

Le présent travail est consacré a 1t étude de 1'action des radiations
gamma sur ces deux fypes de colonies,

Conditiong de 1'expérience

Vingt-sept colonies constituées par des populations d'ouvridres
comprises entre 107 et 302 ouvritres, avec et sans reine, sont récaltées
au sortir de I*hibernation naturelle, Un premier lot T de neuf colonies
{gix avec reine, trois sans reines) constitue le lot témoin,

Un deuxidme lot de 18 colonies, dont 12 exclugivement composées
d'ouvritres, constitue le lot traité.

Les doses de rayonnement gamima rec¢ues par les colonies d' ouvridres
gont de 12 500, 25000, 50000, 75000, 100000 et 150000 rad.

Les reines du lot traité {des colonies avec femelle), regoivent
respectivement 50 000, 75000 et 100000 rad.

Les irradiations ont été effectues avec un irradiateur au °Co
de 2000 Ci, au Service de radioagronomie du CEN de Cadarache. Le
débit de dose a été de 1 040 rad/min, conirdlé par une dosimétrie au
sulfate ferreux.

1. COLONIES EXCLUSIVEMENT COMPQOSEES D'QUVRIERES
1. 1. Etude de la mortalité

Le tableau I récapitule les résulfats que nous avons obtenus. Nous
avons considéré la dose létale 100% (DL 100, temps & pariir duquel toutes
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les opuvritres de la colonie sont mortes). Ensuite, & partir de ce tableau,
nous avons tracé Jes courbes des figures 1 et 2, qui représentent
graphiquement les résultats précédents. La figure 1 exprime la mortalité
(DL 50) en fonction de la dose de rayonnement gamma regue en une seule
exposition. La figure 2 représente la mortalité des colonies d'ouvrikres
en considérant la DL 50 et 1la DL 100.

Discussien

La figure 1 montre une courbe pratiquement linéaire entre les points
B et C. La mortalité est donc exactement proportionnelle % la dose de
rayonnement regue entre les valeurs de 50000 rad et 150 000 rad. Au-
dessous de ces valeurs, c'est-~a-dire de 12500 rad & 50000 rad (partie
AB de la courbe), la mortalité paraft proportionnellement plus importante
lorsque les doses décroissent. (Une série d'expériences pour les valeurs
inférieures & 12 500 rad est en cours d'étude.)

La figure 2 est tracée pour étudier les variations possibles de la
mortalité entre le début et la fin de 1'expérience. Nous avons considéré
le rapport (DL 100 - DL 50)/DL56. Tous les points du graphique étant
située au-dessus de la ligne pointillée marquant le rapport 1, on peut en
conclure que la longévité est proportionellement plus lengue lorsque la
premigre moitié de la population a disparu.

1.2, Etude de la fécondité

Il est bien connu, & la suite des travaux de divers auteurs, notamment
Cole et al, [6], Narayanan et al, [7], Drummond [8] et Hennebery [8], que,
outre ses effets sur la longévité, 1l'irradiation gamma, & des doses variables
selon les especes, modifie profondément la fécondité des individus irradiés,
et la supprime totalement au-deld de certaines valeurs,

Nous avons élévé les colonies précédenies et avons, dans le méme
temps, &tudié leur fécondité en dénombrant les ceufs pondus par les
ouvrikres irradiées et en suivant leur devenir.

Pour exprimer plus commodément la fécondité d'une colonie nous
convenons d' étudier le rapport QR, c¢'est-h-dire le quotient reproduc-
teur {QR = nombre d'ceufs pondus/nombre d'ouvrikres présentes au début
de 1'expérience). Les résultats que nous avons obtenus figurent dans le
tableau II.

Digcussion

Etude du QR. L!examen du tableau II fait apparaftre pour les témoins
un QR normal c'est-a-dire un QR dont la valeur est sensiblement voisine
de 1,6. Par contre, leg traliements imposés déterminent une stérilité
quasi totale aux doses de 12500, 25000, 50000 et 75 000 rad, et totale
pour les doses plug élevées de 100000 et 150000 rad. (Les tres faibles
valeurs du QR pour les doges comprises entre 12500 et 75 000 rad ne
permettent m&me pas une représentation graphique, si on les compare
au QR des témoins.) Cette faible fécondité «résiduelle®» peut &'expliquer
si 1'on considére que ces doses de rayonnement gamma permettent une
vie relativement beaucoup plus longue que les irradiations de 100000 et
150 000 rad.
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FIG.1, Gowbe de la mortglité en fonction de la dose de rayonnement gamina regue en une seule
exposition. Le point T représente la DLS0 des t&moins.
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FIG.2. Mortalitg des ouvritres irradies.

Temps pendant lequel les ceufs existent dans la colonie. L' étude de
ce criteére n' est pas significative, Les gquelques rares ceufs pondus par
les individug irradiés restent dans la colonie un temps comparable A
celui des témoins,

Devenir du couvain, Les ceufs issus d'individus irradiés ne sont pas
susceptibles (généralement) d'un développement normal, Habituellement,
de tels ceufs présentent un aspect fripé et plissé qui contraste avec 1'aspect
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TABLEAU II. PRINCIPAUX RESULTATS OBTENUS DANS L' ETUDE
DE LA FECONDITE DES OUVRIERES

Dioge de Colonie Nombre QR Longueur Devenir oR
rayonnerment d' ceuf's de 1a du moeyen
gamma ronte couvain
{rad) [4)]
1 3 0,0280 24 n&ant
12 500 a 2 0,012 ] néant 0,022
3 5 0,0250 16 néant
25 000 4 6 0,0348 18 n€ant 0.030
5 6 , 0352 g néant
50 000
P 0 _ 0,c18
T [H
75 GOG
8 7 0,0614 12 2 jeunes 0,030
larves
9 a
100 000
10 0
11 -0
150 000 12 0
Témoins T1 210 1,2428 23 nombreux
miles
T2 190 1, 5200 34
nombrgux 1,592
males
T3 280 2,0155 31 nombrenx
miles

d'un ceuf normalement embryonné, Exceptionnellement, dans une seule
colonie, les deux ceufs pondus ont donné naissance % deux larvules du
premier stade, qui n'ont cependant jamais &volué au-delhde ce stade et
ont fini par disparaiftre de la cclonie aprés gquelques jours., Dans le méme
temps, les ceufs des colonies témoins ont donné naissance, suivant le
processus habituel déja décrit [3] & de nombreux m#les (de 50 & 80 par
colonie). Il semble donc que 1'irradiation gamma 4 partir de 12 500 rad
stérilise totalement les ouvridres, ©5i par hasard, semble-t-il, quelques
rares ceufs on tres rares larves réussissent i apparaiftre, ils ne sont
pas viables. En outre, cette stérilité est définitive, car jusqu'i
1'extinction totale des colonies irradiées, aucune reprise des pontes n'a
jamais pu &tre observée.
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2, COLONIES AVEC REINE

Un lot de 12 colonies récoltées en un seul prélévement dans un méme
biotope est untilisé pour cette expérience. Six colonies constituent le lot
témoin. Les six colonies traitées rec¢oivent les doses suivantes: deux
reines (premi®re expérience) regoivent 50 000 rad, deux reines (deuxidme
expérience) regoivent 75 000 rad, deux reines (troisidme expérience)
regoivent 100000 rad.

Remargue. Cette expérience constitue une expérience préliminaire,
dont les résultats sont donnés ici % titre purement indicatif (pour &tre .
comparés i ceux des expériences précédentes intéressant les colonies
d'ouvridres), Une expérimentation plus pousaée est en cours actuelle-
ment, dont les résultats feront éventuellement 1'objet de communications
ultérieures,

2.1. Etude de la mortalité

Les reines ayant regu 50 000 rad sont mortes aprés 112 jours d'élevage.
Les reines ayant regu 75 000 rad sont mortes apres 35 et 32 jours d'élevage
(soit en moyenne 33, 5 jours). Les reines ayant recu 100000 rad sont
mortes aprés 35 et 26 jours d’élevage {goit en moyenne 30, 5 jours).
Les reines des colonies témoins (n!ayant regu aucune irradiation gamma)
sont toujours vivantes aprés 172 jours d'élevage. Rappelons, & titre
indicatif, que les ouvritres ayant regu les mé&mes doses d'irradiation
(50000, 75000, et 100000 rad) avaient une DL 100 de 41, 5, 27 et 22 jours,
et de 78,7 jours pour leg témoins,

Discussion

Ces résultats paraissent indiquer, en valeur absolue, une résistance
bien plus grande des reines comparée h la résistance des ouvridres, On
sait néanmoins que les reines fécondées sont de loin les individus les
plus résistants de la colonie, et ceux gui ont la plus longue vie imaginale,

I1 est donc possible que la résistance plus €levée des reines aux radiations
gamma 3oit une des manifestations de cette résistance générale plus élevée.

2. 2. Etude de la fécondité

Lf é&tude de la fécondité des reines irradiées nous a permis de réaliser
expérimentalement lalevée de 1'inhibition de la ponte des ouvridres en
présence de leur reine [10].

D'une fagon générale, les reines irradiées subissent des perturba-
tions profondes dans leur rythme de ponte. Nouz avons vérifié au moyen de
méthodes biométriques [10] que, pour des traitements de 50 000 et 75 000 rad,
la ponte des reines diminue considérablement, puis reprend légeérement,
pour finalement s'arréter définitivement & partir du 18% jour. I n'y a
plus de reprise de la ponie des reines par la suite.

Paralltlement, 3 & 4 jours apres 1'irradiation de la reine, les ouvridres
commencent & pondre. La ponte s'effectue dans le voisinage immédiat
de la reine, Il convient de remarquer cependant que, exception faite de
son rythme de ponte modifié, la reine irradiée a un comportement
absolument identiqued celuidela reine n'ayant subi aucune irradiation.
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En particulier, elle se tient en permanence sur le tas d'ceufs et de larves,
et ses relations trophallactiques avec les ouvrikres sont normales.

La ponte des ouvridres augmente par la suite, au fur et a mesure
que ceile de la reine diminue.

Discussion

Devenir des ceufs dans une colonie dont la reine a subi une irradiation

amma. Apres irradiation, les czufs de reine présents dans la colonie,
identifiables avec certitude par la méthode biométrique, présentent
quelques jours apres la ponte un aspect inhabituel. Les ceufs paraissent
«{ripés». Le chorion est plissé, affsissé par endroits. Aprégs 103 15
jours les ceufs sont fortement ratatinés, Aucun de ces ceufs n'est viable.
Les ceufs pondus par les ouvritres (individus non irradiés) présentent
1' aspect habituel d' ceufs embryonnés. Iis donnent naissance 3 1'habituelle
génération de male.

CONCLUSIONS

Ces expériences révilent done une excellente résistance des fourmis
de 1'espece Dolichoderus quadripunctatus au rayonnement gamma, ainsi
que le prouve la DL 100 pour des taux d'irradiation inférieurs ou égaux
% 50000 rad. A ces doses de radiations déja tris élevées, la résistance
des individus adultes est de 1'ordre de 42 & 43 jours pour les cuvridres
et 112 jours pour les reines. La survie des individus ainsi irradiés est
donc sensiblement égale A la moitié de celle des témoins.

La fécondité apparalt par contre affectée de fagon beaucoup plus
profonde: une dose de rayonnement gamma de 1'ordre de 12500 rad
stérilise completement les cuvritres pondeuses.
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DISCUSSION

W.J. KLOFT: I wantto extend my congratulations to you on your
results, which were especially interesting from the point of view of social
organization in ants. 1 was most struck by the way in which you achieved
ovarial inhibition — up to total sterilization — of the queen without any
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disturbance of the pattern of behavicur of the rest of the colony. The danger
of disruptive side-effects is always present when chemosterilants are

used with social insects because of regurgitation of the substances. You
mentioned that the workers sfart to lay eggs, but that the queen never-
theless continuesg to play the dominant role indicative of normal behaviour.
If this can be taken as a definitive result it would indicate the existence

of certain 'queen-substances' (pheromones), one of them linked with
fertility of the workers and the other with the social role of the queen,
perhaps in the form of some attractive substance. It would be interesting

to carry out similar experitmentis with ants of other sub-families.

C. TOROSSIAN: Thank you for your interest; I shall try to expand
a little on my subject. Work on the effect of gamma rays on ants of the
species Dolichoderus quadripunciafus was initially undertaken with the
object of investigating the queen-worker relationship in respect of egg-
laying within the colony. I feell may confidently elaborate on the con-
clugicns reached in my paper, particularly as regards the tendency to
oviposition in the worker ants.

By suitable irradiation of the gqueen we succeeded in inducing rapid
sterilization without loss of vitality; a few days after irradiation the
queen ceases laying but her behaviour apparently undergoes no other
modification. In particular, she takes up a permanent position on the
pile of eggs and young larvae produced largely by the female workers, She
is fed as normal by the workers by stormodeal and proctodeal trophallactic
exchanges typical of this species (gee [1 - 3]).

At the same time it is found that the workers lay eggs immediately
on coming into contact with the queen (I have even photographed this
behaviour). This result was never achieved by any previous sterilizing
method, In fact, this technique of irradiating the queen of a colony of
insects is rather interesiing, since it is apparently the only one known
to date allowing selective sterilization of the queen or of a selected group
of individuals. Provided that the gamma-ray dosage is chosen carefully
the individual irradiated can be sterilized without appreciable effect on its
life and behaviour pattern.

It would appear from past and present work on D. guadripunctatus
that inhibition of oviposition in the workers in the presence of their queen
was the combined result of several sense stimuli (olfactory, visual, tactile;
see [1]) and in particular those provided by chemical substances secreted
by the queen and the presence of eggs laid as usual by the queen in the
nest.

Lastly, I would like to mention that work is still going on and will be
continued with the aim of studying the response of D. guadripunctatus to
small doses of radiation and the reactions of the queens of different
species of ants and other social insecis to gamma irradiation,

J.H,G. TICHELER: Do you consider that the workers are induced
to lay eggs after irradiation of the queen by virtue of the fact that she
ceases laying herself or because she stops secreting certain chemical
substances, such as pheromones?

C. TOROSSIAN: I tried for several years to cause total inhibition
of oviposition in the workers by using royal 'extracts' from Dolichoderus
queens (this work forms part of my Doctoral Thesis [1]} but was never
successful.
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In this case, after suitable irradiation the queen was completely
sterilized, whereupon {i.e. 3 to 4 days later) the workers of the colony,
while still behaving quite normally towards her, began to lay eggs. It
vould thus seem conclusive that the missing factor, absence of which induces
egg-laying in the queen, is the interruption in normal accumulation of
! extracts! produced by her.

This naturally leads one to think that the presence of royal 'extract'
within the group of workers is an important factor, possibly a determining
one, in cauging inhibition of egg-laying by female workers.

G. LE MASNE: What are the relative lengths of the irradiation period
and the period of separation of the queen from her colony? It would seem
important that these should be as close as possible, since undue extension
of the separation period would probably have an effect on the queen-worker
relationship.

C. TOROSSIAN: Irradiation time varied from a few minutes to about
three hours for the largest dose. As soon as the irradiation freatment
was over the queen was put back into the colony, and it appeared that the
queen-worker relationship was in no way affected by this separation, which
ig inevitably entailed by the irradiation process. In the meost interesting
case (50000 rad), the process lasted about 48 minutes; but over a
separation of 24 hours did not change the queen-worker behaviour pattern.
We have confirmed this many times.

G. LE MASNE: Have you investigated the ovaries of irradiated
queensa? Does irradiation damage show itself in the previcusly formed
eggs or only in the upper part of the ovarioles, and what form does
it take?

C. TOROSSIAN: I have not yet studied the ovaries of irradiated females,
having preferred to follow the development of these queens throughout the
whole of their life-span, Their behaviour and biology was our first
objective, though we do eventually intend to make a histo-cytological study
of irradiated queens.
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REARING TECHNEQUE, BIOLOGY AND STERILIZATION OF THE COFFEE LEAF MINER, Leucoptera
Coffeella Guer, (LEPIDOPTERA: LYONETIDAE). For two yeass the authors smdied the feasibflity of con-
trolling the coffee leaf miner Leucopeera coffeella Guer. by the radiation sterilization technique, During
this period a technique for raising large numbers of this insect on ported coiffee plants in the laboratory was
devised. The optimal range for the development of egg, larval and pupal stages of the coffee leaf miner
was berween 20 and 30°C. The pupal stage of female insects was slightly shorter than that of the maie.
The laying of fertile eggs began during the first night following emergence, During an ovipesition period
of 16 days the average fecundity was 63 eggs. The maximum oviposition by a single female was 131 eggs
aver the life span while a5 many as 34 eggs were laid during a single day of oviposition. To investigate the
best stage to indnce radiation sterilization, pupal and adult insects were irradiated with S Co pamima rays.
Seven-day pupae (close i emergence) showed $5% lethality in males when given €0 krad; the snrvivors retalned
some fertlity. Adult females receiving 70 krad were 100% sterile while males given 90 krad showed
0,02% fertility. Doses as high as 90 krad given to newly emerged adults did not reduce longevity. Studies
are continuing to determine if sterilizing doses Impair sexual vigour and mating competitiveness of the
treated males.

1. INTRODYUCTION

The coffee leaf miner, Leucoptera coffeella Guer., is one of
the great destructive pests of coffee plantations in most coffee-growing
countries of the Western hemisphere. Recently it has become a very
serious pest of coffee in Central American countries, especially in
Guatemala [1-3] and Costa Rica [4]. The damage is done by the larvae
which feed on the mesophyll layer of the leaves., The heavily mined
leaves are easily dislodged, and under severe infestation the plants
may be completely defoliated.

The successful eradication of the screw-worm fly, Cochliomyia
hominivorax (Coquerel), from Curacac [5] and southeastern portions of
the United States [6] by mass release of gamma sterile males has
demonstrated the great potential of this new method of insect control.
Currently research is underway on several insect pests in various
laboratories of the world to study the feasibility of the sterile-male
technique for control and eradication of these pests. The exploratory
studies to evaluate the gamma sterile-male technique for controlling
the coffee leaf miner started in our laboratory 2 years ago. The
preliminary results of these studies are presented in this paper.

165



166 KATIYAR and FERRER

2. REARING TECHNIQUE

A continuous laboratory supply of adequate numbers of leaf
miners in all stages is essential for carrying out sterilization
studies., Techniques to rear the coffee leaf miner continuously in
large numbers in a laboratory have not been worked out previously.

Our first attempt in this study, therefore, was to find a satisfactory
way to rear this insect in the laboratory. We have developed a method
which allows continuous mass rearing of this insect on living coffee
plants.

A number of pupae were collected from the infested coffee
field. Upon adult emergence, the moths were transferred to an oviposi-
tion cage 24" x 22" x 18" containing living coffee plants (Fig. 1).

The four sides and top of the cage were covered with 52-mesh plastic
screen. The bottom was made of plywood divided into four rectangular
sections. Each section had a 9" x 9" window which could be opened

or closed by a sliding plywood panel. These panels were opened to
introduce the coffee plants into the cage. On the inner edge of each
panel there was a 3/4" semicircular hole that coincided with a similar
hole in the bottom frame of the cage when the bottom panel was closed.

1 24" |

22"

FIG.1. Oviposition cage used for rearing the coffee leaf miner, Leucoptera coffeella Guer.

A = 52-mesh plastic screen E = Paper cellulose wick
B = Sliding plywood panel F = Sugar solution
C = Plant stem hole G = U-shaped stainless steel channel

D = Opening for introduction of adults H = Vessel for collecting excess sugar solution
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The stem of the coffee plant used for oviposition passed through
this hole. The cage stood on four legs which could be adjusted to

g maximum of 30" depending upon the height of the coffee plant. The
design of theé cage permitted the manipulation of the coffee plants
so that only the upper foliar portion of the coffee plant was avail=-
able for oviposition. The soil pot and the lower part of the coffee
plant were outside the cage, This arrangement allowed more space
for moths and coffee Leaves. A system was devised to provide the
moths with plenty of fresh sugsr solution. Around the inside of the
cage, four paper cellulose wicks were supported on four U-shaped
stainless steel channels placed near the top. The wicks had been
soaked in a sugar solution with one end inserted into a beaker of
sugar water placed on top of the cage. The other end of the wick
was placed over an empty vessel to collect amy excess solution.
Fresh sugar solution was added daily, and the wicks were changed
weekly to insure the moths ample food. The adult moths emerging
from the pupal holding cages were transferred into the oviposition
cage through a circular hole on either side of the cage.

The pupal holding cages were made of wooden frames covered
with heavy black cloth., Fmerging moths attracted to light were
collected daily in glass beakers inserted at ome end of the cage.
The cages were stored in a battery of steel frame racks.

Four young coffee plants (10-12 months old) were placed in
each oviposition cage containing 2000-3000 moths. Oviposition was
allowed for 2 days before the plants were replaced. It is .recommended
that the plants be changed every day to obtain pupae of uniform age
and to increase insect production. By leaving the plants for 2 days
in oviposition cages, sometimes the plants were killed by heavy larval
infestation resulting from excessive oviposition. In such cases the
larvae died before pupation.

The coffee plants infested with Leucoptera eggs were placed
in the laboratory at atmospheric conditions of 20-270 C and 80-90%
relative humidity for 17 days. During this period the larvae matured
in the leaves and began pupation, Within 4 or 5 days most of the
full-grown larvae had left the mines, dropped to the lower leaves by
a silken thread, and pupated in a silken cocoon. Coffee leaves with
pupae were removed from the plants and incubated in pupal holding
cages. Moths began to emerge on the 2nd day with the majority of
them emerging during the fellowing 4 to 5 days. The adults were
transferred to oviposition cages daily.

Approximately 2,000 moths were produced daily with this rearing
technique using three oviposition cages and 12 coffee plants every
2 days of oviposition. It would be possible to increase production
tq any desired level by augmenting the rearing facilities.

3. BIOLOGICAL STUDIES

Information on the biclogy and ecology of an insect is
essential for evaluation of its control by the sterile-male technique.
Studies have been carried out in our laboratory on some biological
phases of this insect. All the imsects used in the experiments were
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reared on potted coffee plants in the laboratory. Temperature-
controlled experiments were carried out inside the constant-temperature
cabinets. Humidity was not controlled except in the case of pupal
studies, -

The effects of various temperatures on the rate of develop-
ment and hatchability of the coffee leaf miner eggs are presented
in Table I. The results indicated that the optimum temperature for
incubation of the eggs was 20-30° C, Eggs incubated at 300 ¢ gave
highest percentage of egg hatch (95.0%) and the shortest (average
of 4.0 days) incubation period. At 35° C larval hatch from the eggs
was normal but only 8.5% of the larvae were able to mine the leaves.
The rest of the newly emerged larvae died om the cuter surface of
the leaf. The reason for this high larval mortality is not known,
Excessive heat (35° C) probably kills the newly emerged larvae
before they are able to penetrate the epidermis of the leaf.

Table 1

Temperature effect on the rate of development and hatchability
of the coffee leaf miner, Leucoptera coffeella Guer., eggs

Temperature Nu:;;: of Percent Development perieds (days)
oC observed hatch Max. Min, Avg.
15* 339 o 0 0 0.0
20 855 80.4 13 10 10.7
25 588 81.1 7 5 5.5
30 806 95.0 5 4 4.0
33 282 8.5 5 4 4.1

*Incubated for 60 days.

Data in Table II show that the optimum temperature range for
the development of the coffee leaf miner larvae lies between 25-35° €,
Larvae reared at 302 C yield the highest percentage of pupae (92.7%).
At 35% C the larval development was fastest. The average larval
pexriod at 352 C was 7.2 days, Larvae reared at 15 C fail to pupate
although 2.7% of them matured and left the mines. The larvae of
all the treatments were reared on isolated coffee leaves except in
treatments of 15 and 35° C whose larvae were reared on potted
coffee plants,

Table III shows the effect of various temperatures on the
rate of development of the coffee leaf miner pupae. Temperature
between 20° and 30° C was optimum for incubation of the pupae. The
adult emergence from the pupae incubated at this range of temperature
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Table 11

Effect of temperature on the development of the coffee leaf
miner, Leucoptera coffeella Guer., larvae

Temperature Numbex Percent Larval period {in days)
o larvae pupation Max. Mir. Avg.
reared
15 564 2.7% 87 68 73.6
20 111 82.2 29 20 23.1
25 92 91.9 16 12 13.1
30 254 92.7 11 8 9.0
35 295 88.5 8 7 7.2

*
Larvae left the mines but failed to pupate.
Table III

Effect of temperature on the development af the coffee leaf
miner, Leucoptera coffeella Guer., pupae*

Number % moth -
Toerste  pwmae e gt i SR
15 150 347 38 ao 33.3
20 100 95.0 16 13 13.7
25 100 a7.0 7 5 5.3
30 251 88.8 7 E 5.3
35 100 33.0 6 5 2.5

*Incubated at 100% RH.

varied from 88.8 to 97.0%. Incubation of the pupae at 252 C gave
highest percentage moth emergence (97.0%) and shortest pupal
period (5.3 days).

Resaults sumparjzed in Table IV indicate that in the coffee
leaf miner the female pupal period was a little shorter than the
male pupal period. The average pupal period at 259 C temperature
and 50 to 60% RH for the female and male was 6.7 and 7.1 days,
respectively, Female moths emerged 1 day earlier thar male moths.
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Table IV

*
Duration of male and female pupal periods of the
coffee leaf miner, Leucoptera coffeella Guer.

Pupal period Percent adult emergence
(days) Male Female

[} o 34

7 92 68

8 8 0

Average pupal period: Male = 7.1 days and Female = 6.7 days.
Total number of pupae observed = 860.

*
At 259 C and 50-60% relative humidity.
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D&¥S OF OVIPOSITION

FIG.2. Oviposition rate of the coffee leaf miner, Leucoptera coffeella Guer,

Oviposition rate of female coffee leaf miner was studied in
small cages by single-paired matings. Daily egg collection was made
from each female for a period of 16 days. At the end of this period
most of the moths had either died or stopped egg production. The
female moths started laying fertile eggs on the first night of
emergence, The rate of ovipesition increased rapidly reaching a
maximum on the 4th day. After the 4th day the oviposition declimed
sharply until the 7th day and then gradually diminished to almost
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zero by the 16th day (Fig., 2). Thus the female coffee leaf miner
moth lays a2 majority of her eggs during the lst week of adult life.
A female lays an average of 68 eggs during her entire life. The
maxioum oviposition per female was 131 eggs with 34 eggs the
maximum number laid by a female on any 1 day.

%#. STERILIZATION STUDIES

Pupae of uniform age for irradiation studies were obtained
by spreading small coffee twigs with leaves below the infested
coffee plants in the morning between 7:00 and 8:00 A.M. Full-grown
larvae left the mines and pupated on these leaves, The twigs
were removed 8 hours later in the evening. Thus the age of the
Pupae used in the jrradiation tests varied from 0-8 hours.

The sterilization studies were started by irradiating
late-stage pupae (7 days old). The presence of mature sperm was
noticed in such pupae. A series of initial irradiation tests
conducted on late-stage pupae indicated that the pupal stage of
the coffee leaf miner was not suitable for inducing sterility in
the adult moths, Radiation dose of 60 KR applied to 7-day-old
pupae (close to adult emergence) was lethal (Table V). The adverse
effect of irradiation was more pronounced on male pupae than female
pupae. Pupee irradiated with 60 KR produced 29.3% male moths compared
with 45.5% maleecmergence from untreated pupae. The female emergence
was normal (41.2%) from pupae irradiated with 60 KR, The majority
of the male moths that emerged from irradiated pupae were sluggish
and unable to £ly normally. Within 48 hours after the adult emergence
88.1% males were dead. Fertility experiments carried out with the
surviving moths indicated that they were not 100% sterile. 1In
subseguent tests, therefore, radiation was applied during the adult
stage. The reason for the severe lathal effect of radiation on male
pupae and no or little effect on female pupae is probably that at
the time of treatment female pupae are further developed than male

pupae.

Newly-emerged moths were irradiated with several doses of
gamma radiation at a dose rate of approximately 2414 R/win. The
treated insects were confined in cages together with virgin moths
of the opposite sex. Each cage had 20-25 pairs of moths. Since
sufficient numbers of insects were not available at one time, the
experiment was completed in several steps. A control was used for
each experiment. Daily egg collection was made for a period of 7
days. The results of these experiments are summarized in Table VI.
The data Indicated that the sterilization dose of this insect was
90 KR, Male moths were more radioresistant than female moths (when
sterility is taken as the index of the radiosensitivity)}. A radia-
tion dose of 70 KR induced 1007 sterility in the treated females
whereas the males receiving 90 KR still retain 0.02% fertility. The
high radioresistance in Lepidoptera is not uncommon. The sterilizing
dose for the ¢odling moth, Carpocapsa pomonella L., is reported to
be 40,000 rads [7]; the tobacco budworm, Heliothis virescens -
35,000-45,000 rads [R]; and for the Indian meal moth, Plodia
interpunctella (HUbner}, and the Angoumols grain moth, Sitotroge
cereallela (Qliver), as high as 100,000 rads [9].
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Table V

Effect of gamma radiation (60 KR) applied to 7-day-old pupae
on the adult emergence and mortality of the coffee leaf
miner, Leucoptera coffeella Guer.

Number Percent moth Percent mot

Treatment of pupae cmergence _mortality
studied Male Female Male Female
Kormal 1,030 45.5 39.1 0.0 0.0
Irradiated 1,030 29.3 41,2 88.1 23.6

%
Within 48 hours after adult emergence had started.

Table VI

Effect of gamma radiation™ on the fertility of the
coffee leaf miner, Leucoptera coffeella Guer.

Dosage Hatings** Wo. Number of epgs Percent
(KR) Female X Male pairs Examined Hatched fertility
Check NXN 254 13,932 11,169 80,17
60 NXR 70 4,022 268 6.66
RXN 70 1,861 2 0.11

RXR 70 2,096 o 0.00

70 NXR 70 3,434 109 3.17
EXN 70 944 o 0.00

ERXR 60 1,248 g 0.00

80 NXR 70 4,216 57 1.35
RXNX 70 667 o 0,00

RXERE 65 1,495 0 0.00

90 NXR 75 4,510 i3 0.02
RXN 75 560 0 0.00

RXER 75 1,279 0 0,00

*Irradiated at adult stage. Age of the moths at the time of treat-
ment varied a few hours to 24 hours in all the crosses except those having
both sexes irradiated. Females of the crosses (R female X K male) were
approximately 48 hours old and were laying mormal viable eggs at the time
of treatment.

**Ihe letters R and N designate irradiated and normal moths,
respectively.
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Since the induction of sterility inm this insect requires
the application of radiation at the adult stage, it is quite likely
that some mating occurred before the radiation was applied, There~
fore, a mixed population of normal moths that had laid ferctile eggs
was irradiated and the subsequent fertility studied. The crosses
(R female X R male) in Table VI constitute such treatments. The
results indicated that a dose of 60 KR induced 100% sterility
in females that had laid normal fertile eggs before irradiation.

It seems that the dose of 90 KR (applied to newly-emerged
moths) does not adversely affect the longevity of the treated moths.
We are planning to study the sexual vigor and the mating competitiveness
of the sterile males in the near future.
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DISCUSSION

J.E, SIMON: I congratulate you and your colleague cn the techuique
you have devised. One point I am not clear about is: according to Tables I,
Il and III the maturation period of the moth L, coffeella at 30°C is
4,0 +9.0+5,3 = 18.3 days, so how, with only three cages, can you
maintain continuous production of adult moths?

K.P. KATIYAR: At first, of course, production is not continuous,
but as soon as the moths hatched from eggs laid on the first day of ovi-
position reach maturity the cyclic process is sustained. Since there is
oviposition daily on the coffee plants there is moth emergence daily.

E, M. SHUMAKOV: How much does it cost to rear, say, one million
moths in the laboratory?

K.P, KATIYAR: I don't believe we ever tried to work out the exact
cost of rearing one million insects, but I imagine that expenditure on
coffee piants would come to somewhere around $40-§60 per million
moths, In this work we really were not trying to find a cheap rearing
method but rather to breed the insect successfully in the laboratory
for our own experimental purposes.
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M. COHEN: Are there any data on the levels of population of
L. coffeella in the field, and if these are very high eould your rearing
};ocess give a throughput which would enable you to swamp the numbers
of wild moths?

K.P. KATIYAR: The field population of L. coffeella is not known.
Cur present rearing method is certainly not sufficient for making large-
scale sterile insect releases; our aim in this work was rather to develop
some technique which would provide us with enough insects to do sterili-
zation studies in the laboratory.

M. COHEN: Does L, coffeella mate more than once?

K.P. KATIYAR: I have no definite information on this but 1 believe
that it does,

C.F. CURTIS: I think the guesiion of multiple matings of the females
may actually be rather important because of the very high dose — 90 krad -
that you required to induce complete sterility. I believe I am right in
saying that in Habrobracon, where dominant lethal mutations can be
readily distinguished from sperm damage impairing fertilizing capacity,
90 krad induces a considerable amount of such damage. If the same applies
to your mothk, L. coffeella, it might happen that a female which had mated
with several sterile males and one fertile male would show full fertility.

K,P, KATIYAR: Alll can add is that we have not yet studied the
damaging effect of 90 -krad doses on sperm. All we have done so far is to
deterrmine that dose which completely sterilizes the males and this is found
to be 90 krad. I realize that it is quite a high dose and there is every
possibility that it would cause some sperm damage, We are definitely
planning to investigate the effect of 90 krad on the sexual vigour and
mating ability and hence on the competitiveness of sterile males with
normal males, and if this work indicates that damage, such as sperm
inactivation, is caused, then certainly the multiple mating habits of the
female will be a very important factor, as you have pointed out. In such
a case one normal mating would cancel out all the previous sterile matings
since the sterile sperm will not contribute io fertilization of the egg.

On the other hand, if future studies indicated that the sterilizing dose of
90 krad did not induce sperm damage or, in other words, that the sterile
sperm is fully competitive with normal sperm, then the multiple mating
habits of the female would not hamper attempts to contrel this insect by
the sterile-male technique — provided, of course, that the other factors
were favourable.

D.T. NORTH: I should like to comment briefly on two points. Firstly,
I do not believe that in practice as much as 30 krad is required to accom-
plish sterilization of the coffee leaf miner, since fertility is well under
10% at 60 krad, For the purposes of a sterile-male release programme,
this is a sufficiently high degree of sterility; furthermore, the sizable
drop in required dosage will most probably result in reduced physiological
and somatic damage to the insects.

Secondly, concerning Dr, Curtis's comment on the effect of multiple
mating, from our own work with Trichoplusia ni, we have found that the
irradiated male tends to transfer less sperm or at high doses none at all.
In cases like this, multiple mating becomes an important factor since
normal males in the population are continuing to coniribute normal quan-
tities of sperm, In practice this means that normal matings following
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sterile-male matings would cancel out the effect of releasing the irradiated
males.

K.P, KATIYAR: I am not convinced that 90% sterility is an acceptable
practical level for the coffee leaf miner in a sterile-male release pro-
gramme, If it is, then a dose of §0 krad would certainly be much more
acceptable in view of the reducticon in somatic damage caused to the insect,

As to your second point, I agree with what you say but cannot elaborate
on this since we have not in fact carried gut any studies on the coffee leaf
miner to test the effect of sterilizing dose on the sexual vigour or mating
competitiveness of the treated males.

V. LABEYRIE: Is the behaviour of irradiated males different from
that of unirradiated ones? What selectiion process is followed by normal
females when irradiated and normal males are in competition with each
other?

K.P. KATIYAR: [ cannot yet say what kind of selection a normal
female would make in the presence of both normal and irradiated males
but, looking at cases of other Lepidoptera in the literature, I should
imagine that the sterile males would be less competitive,

V, LABEYRIE: In the case of mating with an irradiated male, are
sperinatozoa transferred to the spermathecae or, if not, are some se-
cretions from the paragonia suppressed so that the males are rendered
sterile although they ean still produce spermatozoa?

K.P, KATIYAR: We have not checked the spermathecae for the pre-
sence of sperm in a female mated with irradiated males. It would cer-
tainly be interesting to study the effect of sterilization on the secretory
activity of the male reproductive system and it is just possible that the
treated male does possess motile sperm but that this is not transferred
to the female during mating because the treated male lacks seminal fluid,
which acts as a carrier in the transfer of spermatozoa from male to
female, It is guite likely that production of this seminal fluid is affected
by the sterilizing radiation dose.

B. NAGY: Did you make any observations on the effect of ptedators
or parasites during your mass rearing process? I should have thought
that since you used living coffee trees you might well have found some
predators or parasites in the rearing cages.

K.P. KATIYAR: We did noi observe any parasites or predators
affecting our moth production other than ants, which present a threat to
the inseci in the egg and pre-pupal stages, We smeared the legs of the
rearing cages with tangle foot in order to repel the ants,
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Abstract

UPTAKE OF ISOTOPICALLY LABELLED INSECTICIDES iN RELATION TO TEMPERATURE AND OTHER
PHYSICAL FACTORS, Labelling insecticides with isotopes provides a sensitive method for investigating
their uprake in relation to unusual coxic responses in insects. The uptake of MC-DDT was waced ar three
different exposure temperatures with mosquito larvae, Aedes aegyptl, In addition, explanarions of different
toxicity Tesponses related to the insect densities were studied with 14G-DDT o Tribolium confusum, acd
with tritjium-labelled nicotine on mosquito larvas, In the latter study, the labelled nicoting produced
greater toxicity which was apparently due to a more stable chemical bonding resulting in failure of the

! insects o metabolize the isotopically labelled chemical as readily as natural nicotine.,

1. INTRODUCTION

The uptake or !pick-up' of an insecticide is one of the critical factors
leading to the ultimate toxic effect on an insect. The metabolism of a
compound, either degradation or activation, is the second major component
influencing the toxic response. The present review is limited to the up-
take of isotopically labelled insecticides, particularly as related io
temperature differences and population density during the exposure period.

The extremely sensitive detectability level aids in explaining unusual
or unexpected responses to a toxin., Examples are presented asg related
to temperature and to the physical factor of population dengity. These
factors become highly important when, with certain insecticides, the insect
response does not follow the predicted pattern.

2. EXPOSURE TEMPERATURE

DDT exhibits a negative temperature coefficient {1-4]. One plausible
explanation is that the uptake or sorption of the toxin is greater in the cuticle
of an insect at a cooler temperature {b). Since the stability of DDT was
well known in addition to that of the possible metabolites, DDE and
possibly TBE, a 1¢4C labelling of the trichloroethane portion of the mole-
cule was used to determine uptake at three discrete temperatures, 10,

20 and 30°C [6]. The results showed that the uptake of 4 C-DDT by

# Paper No, 6357 Scientific Journal Series, Minnesora Agricultvral Experiment Station, St. Paul.
Minn. 55101.
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Aedes aegypti larvae was positively correlated with temperature, and
thus did not correspond to the negatively correlated toxicity responses.
The uptake of ¥ C-DDT was 41.5, 118.3, and 157,4 ug/mg dry weight
at exposure temperatures of 10, 20 and 30°C, respectively. Of additional
interest were the comparative uptakes by the heads, thoraces, and ab-
domens oflarvae as tabulated in Table I, The heads had the greatest
uptake of ¥C-DDT at the cooler temperature, while the thoraces had

the greatest uptake at the warmer temperatures. Thus the phenomencon
of the negative temperature effect, particularly evident with DDT and
related ingecticides, but not with many other ingecticides, does not appear
to be attributable io the uptake of DDT.

TABLE 1. RADIOASSAY OF COMPONENTS OF 4 C-DDT-TREATED
Aedes aegypti LARVAE

The quantity (ug X 104 per mg dry wt.) of 14C-DDT determined irom
heads, thoraces, and abdomens. Larvae exposed to 0.003 ppm DDT
for 48 hours. Values are means of three replications invelving

50 larvae each

Treatinent temperatares (deg C)
Larval component
10° 20* 30°
Head 23.56 46,92 56, 40
Thorax i2.70 57,06 77,38
Abdoren 5.23 20,26 23,53
Tatal larvae 41,49 118,25 157,36

3. POPULATION DENSITY

Isotopically labelled insecticides were used for elucidation of differential
responses to a toxin as related to population density., Deviations apparently
due to numbers were apparent with assays of mosquito larvae, Aedes aegypti
and Anopheles quadrimaculatus, and with flour beetles, Tribolium confusum.
Early research on DDT toxicity to mosquito larvae [7, 8] revealed that
changing the number of larvae per unit volume by varying either the volume
or the number might affect the per cent mortality, Resulis indicated that
the greater the number of larvae the lower the per cent mortality. This
was later substantiated by Schmidt and Weidhaas [9] who utilized isotopically
labelled insecticides to solve a problem. They found a greater absorption
{or uptake) of *#C-DDT and a higher mortality with lower densities of
Anopheles quadrimaculatus larvae than with higher densities., Comparisons
with two “2P-labelled organophosphates, coumaphos (Bayer 21/199) and
dimethoate {A. C. 12880) did not show this phenomenon to he related to the
density of mosquito larvae. In brief, both per cent mortality and uptake




SM-102/19 181

or absorption of the dose were approximately the same even when the
nurmnber of larvae per beaker was changed from 25 to 400 (Table II}. Further-
more, by calculating amounts of labelled insecticides removed from the
treated water it was possible to conclude that the variation in mortality
depended upen the per cent removal of the insecticide, which was critical

in the case of DDT, but not critical with the two organophosphates, since

the concentration of the active toxins was not decreased enough to aifect

the mortality response.

One cannot conclude, however, that population density may not be a
factor in the toxicity responses of organophosphates. In a study with
parathion, e.g. the LDy, value with 10 larvae per beaker was about half
(6.4 ppb}l that wheén 300 larvae were tested (LD 0 = 11, 3 ppb) [10]{Table. II}.

The uptake of ¥ C-DDT was also used to help clarify resulis of a
hioassay of different densities of the confused flour beetle, Tribolium
confusum [10]. These results contrasted with those of the mosquito
larvae bioassay in that a positive correlation was found between density
and per cent mortality, The relationship was only evident in covered
petri dishes. The experiment also differed in that the amount of DDT
used for surface exposure of the beetles was always in excess, while in
mosquito larval tests DDT was depleted by a high density of larvae. The
use of W C-DDT did not reveal significant differences in uptake of the
labelled insecticide related to density, and the conclusions drawn were
that a critical shortage of oxygen occurred with high densities of beetles
tested in covered dishes, thus resulting in greater mortality when they
were exposed to DDT,

Tritium-labelled nicotine produced rather unexpected resulis when
tested on Aedes aegypti larvae [11], and these should serve to warn

TABLE II., TWENTY-FOUR HOUR MORTALITY, ABSORBED
DOSE, AND PER CENT OF TOTAL AVAILABLE INSECTICIDE
REMOVED BY FOURTH-INSTAR Anopheles gquadrimaculatus
LARVAE EXPOSED IN 250 ml OF WATER TREATED WITH
RADIQACTIVE DDT (0.007 ppm) AND COUMAPHOS (0. 03 ppm}

Mumber Per cent mortality Absorbed dose Per cent removed
of (zg/Larva)
D
larvae DT cocumaphos DDT coumaphos DoT coumaphios
25 55 53 0. 0089 00024 9.9 0,917
50 33 48 0, 0064 0. 0023 13 L5
100 14 54 0. 0046 0,0020 26 2.7
200 3 53 0,0033 0.0018 38 4.8
400 3 53 0. 0028 0. 0026 59 10

! ppb = pars per billion (10%),
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TABLE lll. THE LD,, VALUES DETERMINED FOR PARATHION
AND 4th INSTAR LARVAE OF Aedes aegypti WITH DIFFERENT
NUMBERS OF LARVAE FOR EACH TEST

Numbers of larvae LDsg
in 100 ml per beaker in ppb
10 6.4 +£0,3
25 7.4 £0.2
100 T.6+0,2
200 8,6 +£0.1
a0a 11.3x0.2

researchers against blindly assuming that the behaviour of an isotopically
labelled compound would be the same as that of natural chemicalg., As
with DDT, preliminary studies showed differences in larvae mortality
related to density. The relationship was a negative one, as was previously
reported for DDT and parathion, although the magnitude of the difference
wasd less, The likely explanation was depletion of nicotine due to greater
numbers of larvae. Tritium-labelled nicotine was used to test this hypo-
thegis. The radicactive compound was prepared from nicotinic acid

2-3H which was introduced into the nutrient solution of the roots of
Nicotiana tabacum plants to obtain radioactive nicotine (nicotine 2-%H)
biogynthetically. The use of the fritium-labelled nicotine resuited in no
differences in response related to different densities of the mosquito
larvae. In addition to this finding, radioactive nicotine was significantly
more toxic to the larvae than natural nicotine (Fig.1). The LDg; values
for tritiated nicotine were 178 and 175 ppm with larval populations of

50 and 400, respectively. The LDy, values for natural nicotine were 202
and 275 ppm with larval populations of 25 and 400, respectively. Several
possible explanations of the increased toxicity were ruled out, including
passible contamination of a by-product and the liberation of radioactive
agent. The latter possibility was tested by using tritiated water at a much
higher level of radicactivity {1 mCi/100 ml water) with no mortality
following a 24-hour exposure period. The best explanation of increased
toxicity appears to be the very slow metabolic decomposition of tritiated
nicotine, the cleavage of the carbon-tritium bond being much more difficult
than the non-isotopic carbon-hydrogen bond.

The difference must be related to the site of labelling (the 2-position
on the pyridine ring of the nicotiné molecule}, thus involving a portion of
the nicotine molecule {pyridine ring) which had not been considered in
previous studies of nicotine metabolism, either with insects or vertebrates.

The experimental study with nicotine emphasizes the value of isotopi-
cally labelled compounds, but sounds a word of caution regarding assump-
tions that the activity of naturally oceurring compounds is the same as
that of their isotopically labelled counterparts.
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FIG.1. Regression lines showing 48-hour responses of larvae of Aedes aegypti to natural nicotine and
tritiated nicotine. {adapted from Makky, Doctorsl thesis, Univ.of Minn., 1965)

4, SUMMARY

Isotopically labelled insecticides can be detected at very low levels,
and are thus very useful for determining uptake of the insecticide by the
insect from the environment. One laboratory example is the uptake of
M4C-DDT by mosquito larvae at three environmental temperatures, 10°,
20° and 30°C. A positive correlation occurred between uptake and in-
creage in temperature. However, the toxicity response was negatively
correlated with temperature. MC-DDT was also used to analyse differential
toxicity responses when the population density was varied. A lower per
cent mortality oceurred with higher densities of mosquito larvae. The
effect was due to a greater depletion of the toxin by greater total numbers
of larvae, resulting in less toxin per larva. A contrasting study with
flour beetles revealed a higher per cent mortality with higher densities
in covered petri dishes. Since the uptake of }C-DDT did not differ at
different densities, a distinct cause was indicated. The effect appeared
to be due to oxygen depletion associated with DDT toxicity.

One additional study revealed that natural nicotine was depleted from
solution at a higher rate by greater densities of mosquito larvae, an effect
corresponding to that described for DDT. However, when tritiated nicotine
was employed, an increased toxicity eccurred unrelated to population
density. Evidence indicates the inability of larvae to metabolize the Iso-
topically labelled compound significantly during the exposure period.
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DISCUSSION

F.T. PHILLIPS: What do the quantities shown in Table I represent
in terms of toxicity? For instance, is there any correlation between {a})
the uptake at each of the three temperatures, either considering the
various body components separately or the larva as a whole, and (b} a
chosen toxicity level {LDg,, LDg,, etc.) at the particular temperature
which is being considered?

L.K. CUTKOMP: The values in Table | were determined after treat-
ment at a lethal concentration somewhat less than LDg, or LCg. This
concentration was chogen deliberately, since below the LCsy level a
stronger expression of negative response is exhibited and at higher levels
such as LCg the amount of DDT involved would probably be excessive.

F.T. PHILLIPS: Did you measure rates of uptake over the 48-hour
period and, if so, were these the same throughout the period?

L..K. CUTKCOMP: We did obtain some measurements after 24 hours
and, as I recall, the relationships at the various temperatures were about
the same,

F.T. PHILLIFS: With reference to Table II, does the lower solubility
of DDT in water compared with that of coumaphos in water have any bearing
on the observed greater percentage removal of DDT, considering that
DDT in aqueous solution acecumulates at interfaces, such as air/water,
container walls/water, and insect cuticle/water?

L.K. CUTKOMP: Both the low solubility of DDT in water and its
great affinity for lipids or lipoproteins in the insect cuticle seem 1o be
involved. Coumaphos is far less lipophilic and it would thus appear that
the mosquite larvae can remove DDT from the aqueous suspension much
moare readily than an organophosphate,

I1.A. KANSU: I am curious about the amount of DDT taken up as
given in Table 1. Do these data refer to the amount found in the body
of the mosquito larvae or that found both in and on the body? Secondly,
am I right in thinking that Table II in fact shows 'observed mortality'
rather than 'corrected moriality! based on a process such as the Abbot
formula?
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L.K. CUTKOMP: The amount reported in Table | is that quantity
found within the insect, since the outside of the larvae was rinsed with
acetone before analysis was made., As to your second question, I would
suggest you refer to the paper by Schmidi and Weidhaas (Ref.[9] of my
paper)}.

P.A. LANCLEY: It was stated that cleavage of the carbon-iritium
bond in tritiated nicotine is more difficult than cleavage of the non-isotapic
carbon-hydrogen bond. Have you thought of using ¢ C-labelled tritiated
and non-tritiated nicotine to substantiate this statement quantitatively?

L.K. CUTKOMP: Yes, we considered using *C, but it would not be
possible, I think, to prepare the nicotine M hiosynthetically as was done
for the tritiated nicotine, We have not yet gone into this problem in any
detail, but I am of the opinion that substitution of deuterium instead of
tritium would make for a better comparison.

. PELEGRIN: It would be interesting to determine whether the
toxicity of deuterated nicotine lay between that of unlabelled and tritiated
nicotine, the mass of 2H being intermediate between those of 'H and ?H.

L.K. CUTKOMP: Certainly, substitution of deuterium for 1H or H
would be most appropriate for purposes of comparison in cases where
chemical bonding at the same site could be determined and t{he biolegical
activity compared,

H. MARCHART: As regards an explanation for the negative tempera-
ture coefficient you found for response to DDT, have you envigsaged the
possibility of a change in the rate of dehydrochlorination by the ingect?

L.K. CUTKOMP: Yes, this had been considered, but all chemical
tests show that dehydrochlorination proceeds more rapidly with increasing
temperature, It seems more likely, therefore, that a chemical explana-
tion would involve certain metabolic compounds and their varying prepor-
tions within the insect,
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Abstract

METABOLISM OF MALATHION TN THE DESERT LOCUST Schistocera gregaria FORSKAL: DISTRIBUTION
AND DEGRADATION OF %3p-LABELLED MALATHION IN VIVO. Distribution and degradation of
malathion in the desert locust {Schistocera gregatia) was studied in vive with ¥p-labelled malathion,
Results showed that 65, 8% of the applied dose was absorbed by the locust treated with 100 pg malathion/
insect, within 270 minutes, During the same period, the locust excreted 24, % of the total applied
dose, or nearly 37 of the absorbed matathion, in faeces., The major arnount of radioactivity in the
faeces was associated with maiathion metabolic products due to phosphate action. The metabolic rate
and products associated with various tistues were also studied and their importance discussed,

1. INTRODUCTION

Work in our laboratory previously established the presence of
enzyme gystems in the desert locust for activation of malathion into a
potent anticholinesterase [i] and for the degradation of malathion into
non-toxic products [2]. The purpose of the present investigation was
to elucidate the pattern of overall metabolism of malathion by aduits
of the desert locust 5. gregaria Forskal in vivo. This is important,
since it is known that two alternate types of pathway are available for
the metabolism of malathion {phosphatase type and carboxyesterase type)
in vive. Moreover, studies with different insect species suggested that
the per cent of malathion metabolized through these pathways differed
significantly, both qualitatively and quantitatively from one species of
insect to another [3, 4] .

2. MATERIALS AND METHODS

Adults of the desert locust S§. gregaria Forskal, obtained from a
laboratory colony and maintainéd according to Mehrotra and Rao [5],
were treated topically with 10 ul solution of 1% 32P-labelled malathion
in benzene. This dose of malathion gave 99% mortality at 8 hours [5].
The topical application of malathion was made on the mesonotum with
the aid of an electrically operated micro-applicator (ISCO Model M)
manufactured by the Instrumentation Specialities Co. Inc., Lincoln,
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Nebraska. 32P-labelled malathion was supplied by the Atomic Energy
Establishment, Trombay, and was identical chromatographically to the
known malathion. The toxicity of radioactive malathion was comparable
to that of the standard pure material. Malathion used as standard was kindly
supplied by Dr. Lallan Rai of the Cyanamid India Ltd., Bombay.

The topically treated insects were rinsed with acetone to remove
the unabsorbed malathion remaining on their surface. Immediately after
rinsing, the radicactivity in various parts was determined. Various
organs were homogenized in 10% trichioracetic acid, and the degradation
products of malathion — carboxyesterase and phosphatase ~ were extracted
according to the method of Matsumura and Hogendijk (6], Faeces
collected at various times was exiracted in the same manner as other
tissues.

All radioactivity measurements were made with the help of a
Geiger-Miller thin end window tube at a fixed geometry and corrections
were made for the background.

3. RESULTS

3.1. Absorpiion and distribution of 32P-labelled malathion

Data on the distribution of radioactivity in desert locusts treated
with 100 ug of *2P-labelled malathion are presenied in Figs 1 and 2,
These data represent the total radicactivity of malathion and its
degradation products present at various times in various tissues, It
is apparent (Fig.1, curve(a}) that 19. 8% of the applied radioactivity
penetrated within the first six minutes and that the internal radioactivity
steadily increased to 45.2, 47.6, and 65.6% of the total applied dose at
90, 150 and 270 minutes, respecitively, after treatment. Rapid and
early penetration of the insecticide cenfirmed the findings of Buerger
and ("Brien {7]. During the observation period of 27¢ minutes, the
insects excreted 24. 5% of the total applied dose in faeces (Fig. 1, curve(b)).
Little excretion of radicactivity occurred during the first 150 mimutes,
but thereafter it increased. The thorax {Fig.1, curve (c}) had the
highest amount of radicactivity at 90 minutes, then equilibrium was
maintained. The rapid rate of penetration ended at about 90 minutes;
thence the rate of excretion predominated. iIn Fig.2 we see that disiri-
bution of radioactivity in the gut (including malphigian tubules, main
organ responsible for excretion) was similar to that observed for faeces.
In the gut, as in the faeces, there was little activity initially, but after
150 minutes the activity increased. The amount of radicactivity in
faeces and gut after 270 minutes accounted for 38.7% of the total dose
applied, which is about 58. 8% of the total malathion absorbed. In the
abdomen {without gut} the amount of radioactivity increased untii 150
minutes, at which time the abdomen had 7.8% of the total applied dose,
and then decreased, being only 5.8% of the {otal applied dose at 270
minutes. Thus, as the radioactivity increased in faeces and gut, there
was a correspending decrease in radioactivity in the abdomen.

Levels of malathion or iis metabolites in the head (the site of brain
and nervous activity) varied from 3.3 to 5. 3% of the total applied dose
at various times (Fig.3, curve {a)). Calculationse of the per cent of the
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FIG. 1. Per cent recovery of radioactivity at different times from various parts of desert Iocusts topically
treated with 100 ug ¥P-labelied malathion, (a) Extemnal wash. (b) Faeces. (¢} Thorax.
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FIG. 2. Per cent recovery of radioactivity at different times from various parts of desert locusts topically
treated with 100 g of ¥P-labelled malathion. {a) Cut. (b} Abdomen.

total internal malsathion gave values of 18.6, 14.2, 12,3 and 7.8% at

10, 90, 150 and 270 minutes, respectively {Fig.3, curve (b)), suggesting
that a large percentage of the initial internal dose of malathion found

its way into the head (or brain) and this concentration of activity remained
constant from 10 minutes onward. The constant level of radioactivity in
the head indicated that when the head had attained equilibrium with the
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internal levels of malathion the excess matathion was diverted to other
organs, especially the gut.
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FIG. 3. Pet cent recovery of radioactivity at different times from the head of desert locusts treated with
100 pg of *p-labeiled malathion. () Per cent of totat applied dose. (b) Per cent of internal activity
present in the body. .

3.2. In vivo metabolism of malathion in the desert locust

3.2.1. Metabolisam in whole insects

Since metabolism of malathion can take place by two different
pathways, namely (a) by carboxyesterase action, i.e. hydrolysis of
COO C2 H5 bond of malathion, and (b} by phosphatase action, i.e. by
hydrolysis of PSC bond of malathion, the metabolic products appearing
in locusts and their various tissues were analysed to determine the
predominant pathways present in the locust. The data {(Table I) indi-
cated that of the radioactivity initially present {0-6 minutes) inside the
locust, carboxyesterase products predominated over phosphatase
products, However, with the increase in time, the per cent of
phosphatase products present in the body inereased steadily. These
resulis could be interpreted in two ways: (1} that the carboxyesterases
were active in degrading malathion in initial stages when the overall
low concentrations of chloroform-soluble {malathion/malaoxon) materials
were present in the body. Later, however, with the increase in
chloroform-soluble materials inside the body, carboxyesterases were
inhibited and the main degradation route was shifted to phosphatase
action. This view was supported by Matsumura and Hogendijk i6], who
showed that carboxyesterases were inhibited by the high concentrations
of oxygen analogues of malathion. (2) Since the malathion acid formed
as a result of carboxyesterase action could be further metabolized by
phosphatase action, it was likely that carboxyesterases were active
throughout but their degradation products failed to accumulate because
of further phosphatase action. The presence of significant amounts of
carboxyesterase products at 270 minutes suggested that the second
explanation was most probably correct. Nevertheless, the possibility
that phosphatase action plays an important role in detoxication of
malathion by the locust should also be kept in view.
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The data in Table I indicated that the quantity of chloreform soluble
products continued to increase up to 150 minutes, suggesting that the
rate of penetration of the insecticide was faster than the rate of degra-
dation and after 150 minutes, perhaps due io less penetration of the
malathion, degradative action was more prominent,

3.2, 2, Excretion of malathion and its metabolites

The data presented in Table II show that the major portion of the
radioactivity in faeces was associated with the phosphatase products and
only the remainder with carboxyesterase products. These findings are
in agreement with the results obtained with whole insects, which revealed
that phosphatase products predominated over the carboxyesterase products.
However, the presence of significant amounts of chioroform-sotuble
metabolites in the faeces was rather surprising, since it is generally
thought that in insects excretion is of little importance in disposing of
lipid-soluble compounds 13].

Other researchers working with different insects showed that lipid-
soluble materials, especially insecticides, were excreted by the insects.
Bull et al. [8] showed that excreta of the larvae of the bollworm
Heliothis zea contained large quantities of unchanged dimethoate as weli
as its oxygen analogues after being treated with dimethoate. Similarly,
it has been shown that Heliothis zea larvae treated with 3?P-labelled
disyston excreted a large percentage of radioactivity in faeces, and
that 60 to 70% of the excreted radicactivity was due to chloroform-
soluble compounds [9]). Gerolt [10] observed that house flies topically
treated with dieldrin exereted nearly 11% of the total dose as hexane-
soluble compounds. In contrast, the adults of the bollweevil, Anthonomas
grandis, were not able to excrete the lipid-soluble and toxic products
when treated with disyston [9]. Perhaps some species of insects are
peculiar and are able to excrete lipid-soluble compounds; if so, the
excretion of insecticides as such may be an important protective mecha-
nism in some insect species.

3.2.3. Metabolism of malathion in various tissues

Since various tissues of the body have their ¢wn characteristic
metabolic rate, the metabolic products associated with each tissue were
analysed to determine the predominant pathway({s) in various tissues for
malathion metabolism.

{a) Head

Since the data in Fig. 2 indicated that a large percentage of the
internal malathion 3P was in the head, we decided to determine the
form in which it was present., This was important because the head
contains the brain (main organ of nerve activity) and because most of the
insecticides are known to be neurotoxic., Data presented in Fig. 4
showed that more than half of the radioactivity in the head was due to
chloroform-soluble metabolites., The chloroform-soluble metabolites
in the head at various times were found to be 2,21, 2,76, 2,40, and
1. 98 ug equivalents of malathion at 0-6, 90, 150, and 270 minutes,
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FIG. 4, Atmount: of malathion and its metabolites present at various times in the head of desert locusts
treated with 100 pg of ® P-labelled malathion. (2) Chlorofonm-soluble products. (b} Products due to
phosphatase action, {c) Preducts due to carboxyesterase action.

respectively. This suggested that at any time not more than 2.76 ug

of malathion was present in the head, Since the average weight of the
head was found to be 181 mg this meant that at any time there would

not be more than 5.0X 107 M conceniration of malathion present in the
head provided it was equally distributed throughout. The p Ig for
malathion against insect cholinesterase was 4.6 [11], suggesting that
no more than 20 to 30% of the head cholinesterase would be inhibited at
that time. Cholinesterase inhibition in the head of a locust following
treatment with 120 ug of malathion was observed to be 28% at one hour
and 48% at six hours (Mehrotra, unpublished). Although no attempt was
made to estimate the per cent of radicactivity due to malaoxon in
chloroform-soluble metabolites, it was assumed negligible, since
cholinesterase was inhibited more than that observed by Mehrotra
(unpublished). These results confirmed the findings of Mehrotra and
Sone Lal [1], who found that the head of Schistocerca gregaria was
unable to activate malathion to any great extent, In the head, the radio-
activity in the water-soluble metabolites of malathion was mainly due to
phosphatase action and to a lesser extent to carboxyesterase action.
High amounis of metabolites due to phosphatase action were seen at 390
and 150 minutes. Although the degradation products from carboxyesterase
action were always present, the concentration of metabolites due to
phosphatase action was more than that due to carboxyestierase action.

{b) Gut, abdomen and thorax

The distribution of radicactivity in various metabolites in gut,
abdomen and thorax is given in Table IIi. In the gut the chloroform-



SN -102/21 195

soluble meiabolites continued to increase steadily up to 270 minutes at
which time the gut contained 3.65 ug equivalent of malathion. On the other
hand, in the abdomen {(without gut) the high concentrations of chloreform-
soluble material which were present initially decreased with time; the
lowest amount {(1.61 ug equivalent malathion) was present at 270 minutes.
The total chloroform-soluble metabolites present in the gut and the
abdomen, however, increased steadily from 0 to 270 minutes, suggesting
that the gut took an active part in excreting the chloroform-soluble
metabolites. Similarly, there was a continuouns increase in metabolic
products due to phosphatase action and carboxyesterase action in both

gut and abdomen. Although the concentration of carboxyesterase products
was high initialiy in all the three tissues, the ratio was nearly 2: 1 for
radioactivity in carboxyesterase products and phosphatase products,
respeciively. This trend reversed after 90 minntes. The main metabolic
products were due to phosphatase action at 270 minutes and the ratio of
radicactivity in carboxyesterase products versus phosphatase products
approached 1: 5, The ehloroform-soluble metabolite in the thorax varied
from 6-12% at various times.

4. DISCUSSION

Results reported in the present investigation lead to a few tentative
conclusions. Firstly, there appeared to be itwo phases of the insecticide
penetration through the cuticle after topical treatment, an initial rapid
phase and a later slower phase. This biphasic permeability of the
cuticle, not only in insects, but also in mammals, reptiles and amphibians,
was recently recognized by Buerger and O'Brien [7]. The physiological
reasons for such behaviour of the cuticle are still not fully understood.

Since the physiological action of the organophosphorous insecticides
was supposed to be due to the inhibition of the enzyme cholinesterase in
nervous tissue [12], the discovery that a small per cent {(maximum .
5.0 per cent) of the applied dose reached the head, the main seat of nervous
activity, was significant. These resulis were sirnilar to those reported
by Fernando et al. [13}, Benjamini et al. [14], Iyatomi et al [15} and
Arthur and Casida [16], who observed that a small per cent of the total
insecticide applied to the American cockroach reached the head, i.e.
the nerve tissue. However, the amount of actual toxicant reaching
the nervous tissue {or head) was different for different insecticides,
Thus Fernando et al.[13] observed that 0.55% of 5.0 ug paraoxon
reached the centiral nervous system of the cockreoach, whereas 0,82%
of TEPP and 0.24% of parathion were observed in the central nervous
system 60 minutes after treaiment with 5 ug of these insecticides. Our
results obtained with the desert locust Schistocerca gregaria were
different in that about 5% of the applied dose was found in the head, The
difference in our results and those reported by Fernando et al.might be
due to the high dose (100 ug/insect) in our experiments andthe compara-
tively low dose (5 ug/g) used by Fernando et al.[13]. Moreover, their
data referred to the insecticide in the nerve tissue only, whereas, in our
experiments, the whole head, including other tissues, was taken. The
differences observed may thus not be real ones.




196

TABLE III.
ABDOMEN AND GUT OF DESERT LOCUSTS TREATED WITH 100 pg OF MALATHION®

MEHROTRA et al.

IN-VIVO METABOLISM OF ¥P- LABELLED MALATHION IN THORAX,

Percentage Per cent radicactivity recovered as:
Time of total
{min) apg;i:d Chi::uble 3 Phoaphatase Carboxyesterase
ered products products products
Gut
-6 1.4 &0, 4 @5 25.9
0.9y ©.n 0.4
20 8.8 23.1 B85.8 11.6
2.3) 6.5 {1.1)
154 B.B 28,9 B5.8 11,z
{2.3) {68.5) (1.1)
20 4.2 25,7 B2, 8 15.4
(3.5) (8.4 (2.4
Abdomen {without gut}
0-6 3.8 65,5 13.4 219
{2.8) 6.5} 0.3)
b1 4.0 41,3 43,1 i5,6
(1.8) [t (0.8)
150 7.8 25.¢ 64.3 10,0
2. (5.0 (0.8)
2% 5.8 7.7 631 2.1
(1.4) (3.3 {0.5)
Thorax
-6 1n.8 2.8 9.8 32.1
(6.0} (1.0 {3.2)
B0 177 0.2 2%.0 7.4
(12.6) (3.5} 1.4}
150 18,7 43,5 6.4 3.8
7.0 (8.0 (1.0}
2o 1.5 7.3 2.5 4.1
(12.1) (4.3) (0.9

Hote:

Figures in brackets repeesent ug equivalent of malathion present in various tissues,

(3} Average of twa separate determinations; esch datuni tepresents tissues obtained from 8 adult nales
of §. gegaria.
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In conclusion, the following events took place when desert locusts
were treated with a lethal dose of malathion. There was a rapid pene-
tration of topically applied malathion and a large percentage of it was
excreted in faeces. A small portion of the applied dose reached the head
and fluctuated very little over a long period. Perhaps such a small
quantity of malathion would be sufficient to disrupt the functioning of
the nervous system.
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DISCUSSION

J.E. TREHERNE: First, I am interested in the biphasic penetration
wf malathion which you describe and which appears to parallel the situ-
ation observed in mammalian skin. Some years ago I demonstrated a
reservoir effect in the penetration of a series of non-electrolytes through
mammalian skin and erected a mathematical model to describe this
phenomenon (J. Physicl. 131 (1958)). This model involived the postu-
lation of a peripheral diffusion barrier which had the form of a
lipid/water/lipid sandwich. Tt would be interesting to see whether the
kinetics of malathion penetration through the cuticle could be accounted
for by the equations derived for mammalian skin.

K.N. MEHROTRA: We ourselves were surprised at first at these
fast rates of penetration. However, further investigations were ‘carried
out by one of our students, Miss Saroj Tule, who has studied this probiem
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rather extensively with a number of compounds; her results do not, I
am afraid, follow the pattern of results you obtained with Schistocercs,
published in the Journal of Insect Physiology (1957). I am not sure
whether the model you postulate for mammalian skin would work for
insect cuticle or not.

J.E. TREHERNE: Secondly, I am a litile troubled by your assumption
that the rate of appearance of radioactivity in the head is an accurate
measure of the arrival of labelled compounds at the central nervous
system. This does not, for example, take account of the arrival of
labelled compounds at the venfral nerve cord or at the peripheral nerves.
Furthermore, I think that it is highly desirable to express the concen-
tration of toxic materials in terms of unit weight of nervous tissues
rather than as total quantity in the head. This is especially important
in view of the fact that the cerebral tissues contribute only a small
fraction of the total weight of the head and also that interpretation of
the mechanism of toxic action in neurophysiological terms requires a
knowledge of the concentration of cornpounds within specifiec nervous
tissues.

K.N. MEHROTRA: We did not look at the nervous tissues in the
set of experiments reported here because of the difficulties involved in
dissecting insects containing large quantities of radioactivity. However,

I can assure you that we have since progressed much further and in
later work (by Mehrotra, Phokela and Saasena, unpublished) the nervous
tissue alone is considered.

W.J. LEQUESNE: Malathion labelled with sulphur-35, carbon-14
and tritium is also available commercially. Application of these isctopes
would enable the insecticides to be located more accurately in the various
organs by means of sectioning and autoradiography. Use of other
isotopes, or even of double labelling, would perhaps make it possible
to recognize the two haives of the molecule produced by detoxication as
the resull of phosphatase activity.

K.N. MEHROTRA: Certainly, one could use malathion labelled
with 335, 14C, or 3H. Of these, 5 would probably be unsatisfactory
since it would give insufficient information, and tritium labelling,
especially for malathion, may not be very useful because of the problem
posed by exchange reaction, whereas %C has the advantage of having a
long half-life and could converniently be used to label different parts of
the molecule. Autoradiography could, of course, be used, but I am afraid
that the results would be qualitative rather than quantitative. I personally
think that double labelling with 7P and C may be of real benefit, but in
the last analysis it is a matter of experimental objective and of time,
equipment and material available,
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Absiract

CHEMOSTERILANTS IN ENTOMOLOGY AND THE STERILE-MALE TECHNIQUE. Chemostetilants
have been often referred to as agents producing dominant lethal mutations in the germ cells of treated
organisms. Recent studies of the mode of action of various chemasterilants in insects indicate that there
are many other pathways by which chemical compounds can induce sterility in insects. Although the
genetic mechanism still appears to be the mast plausible explanation of the mede of action of many chemo-
sterilants in male insects, other alternatives must be considered for explaining the chemical sterilization
of female insects. The elucidation of the biochemical processes leading to sterility is important not only
because chemical mutagenesis was first discovered in an insest (Drosophila melanogaster); chemicals offer
a flexible, and sometimes the only available, method of inducing sterility in economically important
insects which can be utilized in the sterile-male technigue of insect control.  As distinet from radiation,
chemosterilants can be utilized for sterilization of the naturally cccurring pest populations. In sterile-
insect release programmes, chemosterilants becomne of importance whepever secondary radiation effects
Interfere with longevity and sexual competitiveness of radiation-sterilized insects. The understanding of the
mechanism 2and mode of action of chemosterilants will aid in the search for new types of effective compounds
and in designing new materials specific to insects or even to individual insect species. The sterility principle
in pest conteol has thus far been successfully applied only to insects, but vertebrate pests will certainly be
considered in the future, Cheinosterilants may be the most effective tool for sterilization of vertebrate
oOrganisms.

By definition, chemosterilants are chemical compounds which
reduce or destroy the reproductive capacity of an organism to which
they ere administered. 1Tn sexually reproducing organisms two main
pathways of induced sterility may be considered: interference with
the formation of a zygote and Interference with the development of
a zygote, A zygote cannot be formed if the male or the female
doesn't produce a functional gamete or if the two gametes are pre-
vented from combining. The death of a zygote can result from faulity
genetic information imparted by either or both of the gametes or
from envirommental conditions which do not allow mormal development.

Because insect chemosterilants were often referred to as being
mutagenic I would like to discuss first which of the interferences
which chemosterilants preduce or may produce in insects are muta-
tions in the accepted sense of the word. Unfortunately there doesn't
seem ti be a universal agreement on what mutation is. That mutation
is a hereditary change in certain cellular comporents appears to be
generally accepted but there is some controversy whether the cellu-
lar component is the nucleus, a gene, or simply a molecule of mucleic
acid. With reference to individual insects the key term hereditary
may refer either to the transmission of such changes from the parent
(male or female) to the offspring or, within the insect's organism,
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to the transmission from a parent cell to daughter cells. Dominant
lethal mutations which are of particular importance in sterilization
imply that the offspring die before reaching maturity or that the
daughter cell ceases to be functional. With this concept in mind
we can analyze some of the most important effects of chemosterilants
in sexually reproducing insects.

Effect on males.

Aspermia and the lack of spermatozoan motility are seldom en—
countered in chemosterilized male insects. The most common effect
of male chemosterilants is a cormdition of the sperm which for lack
of better expression may be designated as sterility of the mature
gpermatozoa. The gametes of treated males appear te be in all re-
spects normal [8] but the zygotes which they form die before reaching
maturity. This effect corresponds te the classical definition of
induction of dominant lethal mutations in the sperm and all of the
known male Insect chemosterilants which were examined in detail can
be designated as mutagenic agents in the appropriate species of
insects.

Effects on females

The effects of chemosterilants in female insects are variable,
amd they will be subdivided into several categories.

Treated females do not produce eggs

This type of sterility is usually a result of cytolegical dam-
age to the reproductive organs, and it camnot be called mutagenic in
the same sense as the male sterility mentioned earlier. Whether
dominant or other lethal mutations were introduced into any cells of
the female organism cannot be decided on the basis of inhibition of
oogenesis or oviposition. MNutritional and hormonal factors are known
to regulate the functions of the female reproductive system, and if
the chemosterilant affects in some nongenetic way these factors its
effects cannot be properly called mutagenic. Experimental evidence
of such dindirect activity of chemosterilants in female mosquitoes was
obtalned by Akov [1, 2]. Antimetabolites and alkylating agents were
found te inhibit the digestion and ¢limination of blood which is a
mtritional requirement for egg development in mosquitoes. Although
Akov didn’t prove or claim that the mechanism of sterilizing activity
was nongenetic the evidence she presented suggests strongly that the
primary reason for the sterility in female mosquitoes treated with
the chemogterilants was a nutritional deficiency.

Treated females produce eggs which do not hatch

This type of activity is often only a function of the concen-
tration or dose of the chemosterilant administered to the insect [6].
Again, the decision whether or not the mechanism of the sterilization
was mutagenesis cannot be made without a detailed analysis of the
primary and secondary effects of the chemical in the organism. 1f
in eggs laid by treated females signs of incipient development are
evident but the eggs fail to hatch the Induction of dominant lethal
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wutations must be certainly suspected. In absence of such evidence
the compound cannct be termed mutagenic with respect to the whole
organism but it still may be mutagenic with respect to some dividing
cells of the organism.

Treated females produce eggs which hatch but the larvae die before
pupating

This type of activity has been observed only in special classes
of chemosterilants, particularly in the derivatives of s-triazine
[7]. With respect to the treated insect the death of Immature pro-
geny is a clear mign of dominant lethal mutations although the period
between the administration of the chemical and the appearance of its
effects may be quite long.

In this brief survey of effects of chemosterilants on insects 1
have tried to emphasize the point that chemical sterilization cannot
be simply equated to mutagenesis without a detailed study of the
mechanism by which the chemosterilant acts.

& second point which may be even more Important in practice is
the distinction between the primary and secondary effects of the
chemosterilant. In this connection primary effects are those which
the chemosterilant itself {compound A) exerts on the cellular con—
stituents of the organism; secondary effects are those which are
exerted by a different material (compound B} which is a derivative
or metabolite of the chemosterilant A. If, for example, the insect
organism converts the compound A to the compound B and if only the
compound B functions as a sterilizing agent, the activity of com-—
pound A in other organisms will depend on the ability of those or-
ganisms to convert effectively A to B. It is improbable that
chemosterilants with a broad spectrum of activity would function via
such secondary effects. Indications are, however, that the highly
specific chemosterilants, particularly the nonalkylating phosphora-
mides and triazines, do indeed depend on the ability of the treated
organism to convert them to effective, perhaps alkylating chemoster-
ilants. Our current work on the mechanism of action of effective
sterilants hempa and hemel [9] indicates that in house flies these
dimethylamino compounds are selectively demethylated with the evolu-
tion of formaldehyde. Other analogous dimethylamino or methylamino
compounds which are not demethylated in the same organisms are
inactive as chemosterilants. Conclusive evidence supporting the
hypothesis of secondary action is not yet available but the possi-
bility of discovering chemosterilants which would be specific to
only some organisms and relatively harmless to others is most
attractive and deserves further investigation.

The third point which I wish to discuss is the application of
chemosterilants. The role which this type of compound played in the
history of genetics is well known although the early reports made
references to chemical mutagens and not to chemosterilants. Never-
theless, the first report on chemical mutagenesis published by
Auerbach and Robson [3] mentioned lethal mutations induced in
Drosophila melanogaster with allyl isothiocyanate and with mustard
gas [4]. 1In the Soviet Union, Rapoport described the mutagenic and
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sterilizing effects of aldehydes [12] and carbamates [13] in 1946
and 1947. However, in genetic literature sterilizing effects were
considered only in passing because the wain interest was centered oum
the genetic makeup of the progeny of treated organisms. Organized
effort directed toward the discovery of effective male and female
insect chemosterilants started only in 1960 in the U.5. Department
of Agriculture [5]. The main purpose of this search was to find and
to develop an alternate method of sterilization of insects with
radiation,

As compared to radiation, chemicals offer both advantages and
disadvantages. Many species of insects which are killed by radia-
tion before they are sterilized may still be sterilized chemically
without undue mortality. WNaturally occurring insects cannot be
practically sterilized with radiation even if they are susceptible
to it. Thus far chemosterilants appear to be the only method for
sterllizing insects in natural populatiocns.

On the negative side, chemosterilants share ome of their most
vexing problems with other chemical pesticides: whenever chemical
compounds are used in nature the residue problem arises. EHigh se-
lectivity or species specificity may ease and minimize the diffi-
culties but specificity is a two-edged sword. The more specific a
chemosterilant is the more difficult, time-consuming, and costly it
is to find it.

In conclusicon I would like to mention one aspect of chemosteri-
lants which has remained for all practical purposes unezplored. The
effectiveness of the sterility principle in pest control depends omn
our ability to convert a population of largely fertile individuais
to a population consisting largely of sterile individuals. The
faster we .can achieve this conversion the more effective will be
the method. The main proponent of this methed, E. F. Knipling [11],
pointed out repeatedly that vertebrate populations are petentially
as susceptible to being controlled by sterility as are the inverte-
brate populations. The question remains how to sterilize vertebrate
organisms effectively and permanently. Radiation sterilization offers
only very limited promise primarily because the vertebrate organism
congists of too many systems and organs which are at least as sengi-
tive to radiation as are the gonads. A release of artificially
reared, sterilized animals cannot be considered in most instances
and thus the sterilization of the natural population remains as the
only practical possibility. Chemosterilants can be highly selective
and specific even in higher organisms [10] but of course the prob-
lems of suitable treatment and of residues would require much
research.

Whatever the ultimate application of chemosterilants will be,
the basic research on the chemical interference with reproduction
can stand on its own merit. Entomology has already profited from
the intensified investigations of insect reproduction and mating
during the past 10 years. The hormonal comtrol and regulation of
reproductory processes in insects are mow only suspected or vaguely
understood. There is little doubt that the research on chemosteri—
lants will contribute to the knowledge of insect reproduction in
the years to come.
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DISCUSSION

C.A. PELERENTS: The results obtained in our laboratory with
various products (Apholate, Metepa and Tepa)} on Hylemya bragsicae
show that the differing degrees of sterility (failure to oviposit; oviposition with-
out hatching of the eggs; hatching with subsequent death of the larvae) are
a function of the applied dose. Is this a chance effect or is it commonly
found?

A.B. BORKOVEC: This is a typical dose-effect relationship,

E. HORBER: I do not quite agree with your conclusions on the
sterilization of insects in natural populations. We are not able to rear
cockchafers (Melolontha sp, ) in large quantities within a reasonably
short time so our technique is to collect individuals from a natural popu-
lation in an area where they are abundant and release them affer irradija-
tion in a region where the population has toc be reduced or eradicated.

A.B. BORKOVEC: I should perhaps clarify my statement. When I
referred to insects in natural populations I meant only those insects which,
at the time of treatment, are part of a natural population. In contra-
distinetion to this, your technique utilizes insects of natural origin which,
at the time of treatment, are not part of a natural population. [ do not,
however, entirely exclude the possibility of achieving non-chemical
sterilization of naturally occurring insects in the future.
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E. HORBER: In the short i{ime we have been working with Bomhus sp,
we noted two cases of sterilizing effects through parasitism in several
of these social insects. One was caused by a nematode {Sphaerularia bombi}
infecting the overwintering gueen bumblebees individually, Another case
was the result of several cockoobumblebee species (Tsithyrus sp.)
occupying bumblebee colonies together after the worker brood had be-
come available. [ assume that naturally occurring sterilization is quite
frequent among insecis and would therefore suggest that the possibility
be considered of analysing such cases for potential chemosterilants which
might be more specific for insects and less harmiful to vertebrates than
the ones known hitherta.

A.B. BORKOVEC: This is an interesting phencmencn and it would
indeed be worthwhile knowing whether sterility was caused by physical
damage to the gonads or by some other, possibly chemical, process.

Rachel GALUN: With reference to Dr. Akov's work, (Refs [1] and
[2] of the paper), I think one should distinguish between the effect of
Fluoromacil and Apholate, While Aphelate sterilizes both male and
fernale mosquitoes, Fluoromacil affects only the fermales, by interfering
with synthesis of the proteases necessary for blood digestion. In females
treated with Apholate, retenticon of the blood meal is a secondary effect,
due to inhibition of ovarian development.

T.R. ODHIAMBOQ: At what level, Dr. Bofkovec, did you carry out
your morphological studies of the sperm from treated males? Did you,
for example, examine them with the electron microscope? You stated
that sperm from chemosterilized male insects appears to be normal in
all respects. Could you give further information about your work on
this aspect of the problem?

A.B. BORKOVEC: Two basic properties of sperm were considered:
microscopic appearance and behaviour, that is, gross meotility and abil-
ity to form a zygote. However, the work we did was very superficial
and hence rather inadequate. It included examination of eleciron micro-
graphs of treated and untreated house-~fly sperm, but this revealed no
obvious differences.

T.R. ODHIAMBO: Have you found any differences in the accessory
reproductive glands in the treated male insects?

A.B. BORKOVEC: We have not gone into this aspect of the subject
and, in fact, I know of no published work on the morphology of gonads of
chemosterilized male insects,

T.R. ODHIAMBO: Could you suggest the mechanism which brings
about death of the zygotes after injection 6f sperm from ireated males?

A.B. BORKOVEC: I eould put forward orly those that are commonly
offered to explain zygotic mortality caused by dominant lethals. Unfortu-
nately, none of them fit our experimental data.

C.F. CURTIS: As regards possible damage to sperm caused by
chemosterilants, it seems to me that the only guestion of practical im-
portance is whether in a female mated to both a chemosterilized and
a normal male, where the two types of sperm are thus in direct compe-
tition, equal numbers of viahle and inviable zygotes are produced, Has
this point been investigated?

A.B. BORKOVEC: This question can be answered only with re-
ference to those insects where the female mates more than once. Scat-
tered data in the literature and unpublished reports indicate that in fe-
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males of some species the sperm from treated males can compete suc-
cessfully with the sperm of untreated males. In other insects, the se-
quence of mating is the determining factor and, in still other instances,
the sperm from treated males does not compete favourably with the sperm
from unireated males, Such a lack of generality is typical in analyses of
the effects of chemosterilants,

F. BERAN: Have you ever iried out the effect of triazine compounds,
as used in weed control?

A.B. BORKOVEC: Yes, we have tested the effect on horse flies of
many of the important herbicides based on s-triazine (see A.B. BoTkovec,
G.C. La Breque and A, B, De Milo, J.econ.Ent. §0 (1967)). Most of
these compounds showed a weak sterilizing activity but none was highly
effective.

D.T. NORTH: As for the 'normal' appearance and-behaviour of
chemosterilant-treated sperm, I should like to mention some research
done by Dr. La Chance at our Metaholism and Radiation Research
Laboratory at Fargo, North Dakota, USA. Using sperm from Habrobrzeon,
he has shown that treatment with the chemosterilant, Tepa, induces both
dominant lethal mutations and sperm inactivation. Sperm inactivation
occurs at relatively high doses, as compared with induced dominant lethals,
and appears to be somewhat agent-specific. Dr. La Chance found that,
whilst the phesphine oxide compounds, such as Tepa, cause sperm in-
activation, triazine compounds appear to bring about only dominant lethals,
It should be borne in mind that use of sperm inactivation as a type of male
sterility could be of real practical value.

A.B. BORKOVEC: Sperm inactivation as ocbserved in Habrobracon
may be a condition of the sperm which does not allow formation of a zygote.
On the other hand, it may not be related to any interaction between sterilant
and sperm, but rather to an interaction beiween sterilant and seminal fluid.
The expression 'sperm inactivation' is rather vague and is defined only in
termes of the proportion of unfertilized eggs. It is conceivable that sperm
itself is not even involved in such a process. [ know of no chemical which
would cause sperm inaciivation only.

K. C. VON BORSTEL: Would the effects you ascribe to chemically
induced inactivation of sperm apply to radiation-induced inactivation as
well?

A.B. BORKOVEC: Yes, 1think that radiation as well as chemicals
could produce changes in the seminal fluid which would then interfere with
fertilization,

V. DELUCCHI: [t was mentioned that one of the main limitations on
the application of chemosterilants in the field was the residue problem.

I would appreciate having your personal opinion on the feasibility of using
chemosterilants in the near future.

A.B. BORKOVEC: With certain reservations I should expect chemo-
sterilants to be put to most immediate use in rearing-sterilization-release
programmes, perhaps within the next 5 years. Other uses may follow if
the safety problems can be solved sufficiently rapidly.

Rachel GALUN: Do chemosterilants decompose fast enough for it to
be feasible to treat mass-reared insects and release them only after de-
composition of the chemosterilant, so that any possible hazard is obviated?

A.B. BORKOVEC: Some chemosterilanis do decompose at a suffi-
ciently rapid rate, but the residue problem is a constantly recurring one,
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which has to be solved for each individual compound applied to each given
species.

A, LEMMA: It has recently been discovered in Ethiopia that at sub-
lethal doses some meolluscicides induce sterility in certain snails which
transmit bilharzia. Do you know of any research done in this direction by
other workers?

A.B. BORKOVEC: Not in connection with molluscs, but the effects
of chemosterilanis are not restricted to insects and chemosterilization
of many other animals has certainly been described.

J.E. SIMON: I should like to call on Dr. BoPkovec's knowledge of
South America to ask him whether he thinks that chemical sterilanis should
be used there or whether we should advise our young and often still inex-
perienced entomologists to wait until more is known of the effects of such
compounds.

A.B. BORKOVEC: Chemosterilants should never be used unless
suitable precautions are taken to ensure the safety of the operation. If
chemosterilants are used cuiside the laboratory, that is, against the
natural insect populations in the field, extreme precautions are necessary
and such experiments perhaps should not be conducted when only inex-
perienced personnel are available. On the other hand, release of
laboratory-sterilized insects does not involve handling dangerous chemicals
in the field and your attention might thus more profitably be centred on
such approaches to the sterility control method until more is known about
the toxicology of chemosterilants. In the laboratory, of course, the use
of chemosterilants does not present any problems different from those
normally encouniered in handiing foxic chemicals,

H, ERDMAN: Until the mechanism of the sterilizing action of chemo-
sterilants is known, these chemicals should in fact be treated with the
same caution and respect as radioisotopes. The carcinogenic effect of
some chemosterilants must prohibit their widespread use in natural
environments.

R.C. VON BORSTEL: I should like to emphasize the importance of
this comment with respect to the detectability of such compounds, Tech-
niques are well worked out for detecting radioisctopes that have been
released into the environment but the same is not true for alkylating
agents though, in general, these induce similar cellular lesions. Ii is
hardly desirable to take the cccurrence of a skin lesion or a malignant
tumour as criterion of the presence of an alkylating agent. 1am sure
Dr. Borkovec would agree with this,

A.B. BORKOVEC: 1 certainly agree. All toxic chemicals should be
handled with the utmost care. The operator should never judge the safety
of his procedure from the fact that he is still alive.

M. COHEN: In raising the question of the potential importance of
residues of chemosterilants one is drawing on the precedent of residue
problems resulting from the use of pesticides. Many of the latter problems
can be ascribed to misuse by farmers although some, of course, are due
to use by contractors and Government agencies,

I suggest that chemosterilants would probably be administered solely
by a central agency aiming at eradication in a particular area or region,
rather than by individual farms. I should thus imagine that Governments
would proceed with great caution in view of past experience with the
pesticide residue problem.
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Abstract — Résimé

ACTION OF TEPA ON THE PUPAL DEVELOPMENT OF Dacus oleas Gmel. {DIPTERA: TEPHRITIDAE).
Third-stage (fully grown) larvas obtained from an artificial culture of Dacus oleas were dipped, a few bours
prior 2o pupation, Into aqueous solutions of Tepa for 30 minutes. The following results were observed by the
authors: even at the highest conceniration tried (2%), Tepa had no effect on the mechanism of pupation,
perhaps bacause of the late meatment; pupal development was inhibited after the larvae had been dipped in
solutions of above 0.125%, and death occurred at different stages of pupal life, e time of occunence
depending on the concentzation of Tepa in the dipping sclution; there was practically no difference between
the minimum lethal dose and the maximom sterilizing dose, the saféety factor being almost equal to 1. The
authors discuss these results in comparison with those of a previous experiment during which Tepa was applied
td adults shorely after they had emerged. The safety factor was then of the order of 50. In addition, the
results of the two experiments mentoned above are compared with those of other experiments by different
authors on the same insect suhjected to gamma radiation. This comparison shows rthat, irtespective of the
means of eatment {(gamrna rays or Tepa), the safety factor is large when the insects, at the tme of treat-
ment, are past the stage of histolysis-histogenesis.

ACTION DU TEPA SUR LE DEVELOPPEMENT NYMPHAL DE Dacus cleae Gmel. (DIPTERA: TEPHRITIDAE).
Des larves du troisidme stade (stade larvaire complété), issues d’un Blevage artificiel, furent immergées
queiques heures avant la pepaison dans des solutions aqueuses de tepa, pendant 30 min. Les autenrs ont fair les
constatations suivantes: le tepa, méme 2 la plus forte des concentrations utilistes (2%), n'a pas eu d'effet
sut le mécanisme de la pupaison, peut-gwe % cause de 1'intervention tardive; le développernent nymphal
fut inhibé aprds 1'immersion des larves dans les solutions utilisdes 4 des concentrakions supérienres & 0,125%,
Ia mart est survenue A différents siades nymphanx, le temnps de son apparition £tant fonction des concen-
trations de tepa dana les solutions d'immertion; il n'y a prariquement pas de marge entre 1z dose létale
minimale et la dose seérilisante maximale, le facteur de siirecé (safecy factor) &tant presque &gal A 1'unité.
Les Auteurs comnmentent ces résultams et les comparent 4 ceux obtenus lors d'une expfrience précédente au
cours de laquelle le tepa &cait administré aux adultes peu aprds leur Emergence. Le factear de sireté &rair
alors de 1rordre de 50. En outre, les résultats de deux expériences sont comparés 3 ceuX obtenus par d autres
chercheurs sur e m&me insecte aptds Diradiation aux rayons gamma. De cetie comparaisen Il résnlte que,
indépendamment du moyen de taitement {rayons gamma ou tepa), le facteur de siireté est levé lorsque les
insectes, au moment du fraitement, ont largement dépassé le stade d'histolyse-histogénése.

INTRODUCTION

Au cours dtune expérience précédenie [1], nous avons pu constater
que le tepa, administré aux adultes de Dacus gleae, avait une double action
stérilisante sur leur systeme reproducteur: d'une part, il provoquait des
dégits au matériel génétique des ceufs et des spermatozoaires, et, d'autre
part, il inhibait le développement ovarien; ces deux modes d'action cor-
regpondaient a deux différentes zones de concentration du chimiostérilisant.
Enfin le tepa, 2 une troisieme zone de concentration, provoquait des
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dégits assez graves pour entrainer la mort des adultes traités. Cette
troisfeme zone &tait assez éloignée des deux autres: le facteur de siireté
s'élevait 2 50 pour la premiere zone (doses provoguant des dégfits au
matériel génétique)} et & 2 pour la deuxieme (doses provoquant l'inhibition
du développement ovarien}.

Les substances chimiostériligantes ayant dans leur molécule des
groupes d'aziridiny! ont une action sur les acides nucléiques, et en parti-
culier les ADN [2 - 4], qui sont responsables du développement et des
diverses fonctions de la cellule; la mitose des cellules est inhibée et, par
conséquent, le développement des tissus et des organes est bloqué. Les
mémes auteurs signalent que 1'action des chimiostérilisants est plus forte
lorsqu'il stagit de tissus en pleine et rapide évolution.

Chez Dacus adulte, les organes en pleine évolution sont ceux du sys-
feme reproducteur, d'ofl la grande sensibilité de ces organes i I'action
cytotoxique des chimiostérilisants. A l'encontre des imagos, les pupes
de Dacus, comme celies de tous les insectes holométaboles, sublsseni
1'histolyse et 1'histogéniese des tissus de la plupart de leurs organes; le
systeme musculaire et 'exosquelette, par exemple, subissent dea trans-
formations beaucoup plus impeortanies que les organes reproducteurs.

Nous avons cru opportun d'examiner le cas d'une intervention au tepa
au moment ol les individus de Dacus oleae n'ont pas encore atteint le stade
de l'histolyse-histogénese et ou 1'action cytotoxique du tepa sur divers
systemes et sur l'insecte entier peut &tre plus grande qu'au stade adulte,

MATERIEL ET METHODE UTILISES

Les insectes utilisés provenaient de 1'élevage artificiel de notre labora-
toire et étaient alimentés au stade larvaire avec de la nourriture préparée
selon Ia formule de Tzanakakis et Economopoulos (type M} [5]. Les larves
du troigieme stade, peu apres leur sortie & la surface supérieure de leur
milieu nutritif, étaient transportées dans une fiole d'Erlenmeyer contenant
une solution aqueuse de tepal, Apres l'immersion, elles étaient égouttées
au moyen d'un papier filtre et placées dans des holtes de Pétri. Les
larves dont la pupaison ne sl'effectuait pas dans les 5 heures qui suxva.lent
I'immersion &taient rejetées,

1La sortie des adultes survint enire le 102 ef le 14% jour apres la pupai-
son. Le 20€ jour, les pupes nfayant pas donné lieu h des émergences d'adultes
furent disséquées et examinées au binoculaire; les pupes mortes furent en-
suite classées dans 1'une des trois catégories suivantes: a) pupes mortes
avant ou pendant le siade de 1'histolyse-histogénese; b) pupes mories
apres la formation d'adultes mais avant la pigmentation de leur cuticule;
seuls les yeux avaient une coloration rose-violeite péie; les ébauches des
ailes étaient apparentes; c} pupes mortes apres la pigmentation de la
cuticule des adulies; les adultes paraissaient compldtement formés;
quelques-uns de ces adultes étaient encore vivants au moment de la dis-
section, mais non viables.

t Apres plusieurs essais préliminaires sur les concentrations de chimiostérilisant et la durée d'immersion
convenables pour 1'expérience, nous avons utilizsé en d&finitive des concentrations de 2, 1, 0,5, 0,25 et
0,125% et une durée d'immersion de 30 min. Des larves iinmergées dans de 1'eau pendant 30 min ont &té
prises comine tEnains. :
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Lorsqu'il ¥ eut émergence d'adultes, ceux-ci furent transportés dans
des cages de 30X 30X 30cm (20 couples par cage et deux répétitions par
concentration de la solution d'immersion). La nourriture était constituée
par de la levure hydrolysée, du sucre et de l'eaua raisondel:4 : 5,
Apres le 10° jour, des fruits artificiels de paraffine &taient placés dans
les cages pendant 24 heures; les ceufs pondus étaient ensuite transportés
dans des boites de Pé&tri pour le contréle du pourcentage d'éclosion des
ceufs. Trente deux jours apres l'émergence, les femelles étaient dissé-
guées et leurs ovaires examinés au binoculaire pour le contréie de
1'action cytotoxique du tepa; en méme temps, 'examen des spermathéques
gleffectuait au microscope pour le contréle de la vigueur sexuelle et de
1'état des spermatozoaires (mobilité, forme).

La température du laboratoire oscillait enire 23 et 26°C et 1"humidité
relative entre 48 et 63%. La lumiere sur la surface en verre des cages
était de 500 & 800 lux pour une photopériode de 12 heures.

RESULTATS

Les données expérimentales figurent dans les tableaux I, I et IIf. On
peut constater que:

1} Le tepa, mé&me a la concentration de 2,0%, n'a pas eu d'effet sur le
mécanisme de la pupaison; le pourcentage de pupaison des larves im-
mergées dans gifférentes solutions de tepa oscille entre 94 et 100%
(tableau I).

2) Le développement nymphal a été inhibé apres l'immersion des
larves dans des solutions de tepa aux concenirations supérieures & 0,125%
(tableau I}.

3) La mort des pupes est survenue a différents stades nymphaux
{tableau II), La vitesse d'apparition de la mort parait &tre fonction de la
concentiration de tepa dans la sclution d'immersion: la plus grande partie
{'79%) des larves immergées dans la solution a 2,0% n'a pas pu dépasser le
stade de I'histolyse-histogénese; par contre, aux concentrations de 0,5%

TABLEAU I, ACTION DU TEPA SUR LES PUPES DE Dacus cles
APRES UNE IMMERSION DE 30 min DES LARVES (3® STADE) DANS
UNE SOLUTION AQUEUSE DU CHIMIOSTERILISANT

Concentation du tepa Pupaison des Ly Emergence des L

Nombre de Ly utilisées @ @ %)
82 2,0 93,8 0

81 1,0 100, 0 1.4

103 0,8 100,0 2,9

29 0,25 100, 0 48,5

99 0,125 100, 0 78, 3

110 0 00,0 81,3
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TABLEAU III. FECONDITE, FERTILITE ET VIGUEUR SEXUELLE
DES ADULTES DE Dacus cleae ISSUS DE LARVES IMMERGEES
PENDANT 30 min DANS UNE SOLUTION AQUEUSE DE TEPA

(40 couples d'adultes par concentration)

Coaocentration Nom:bre Eclosicn
du tepa d'ceufs pondus pendant d'czufe Sperma:héq{l:;s fécondées
) 22 jours %y )
0,25 1249 26,9 87,0
0,125 1123 79,1 85,0
4] 986 82,3 90,0

et de 0,25%, la partie des pupes mortes avant ou pendant 1'histolyse-
histogénkse ne représentait pas méme le tiers des pupes mortes.

4} Le pourcentage d'adulies morts pendant la sortie ne parait pas
dépendre de la concentration de tepa dans le liquide d'immersicn (tableau 11}
le faible pourcentage observé chez les adultes issus des larves immergées
dans les solutions de tepa, qui dépasse quelquefois celui des insectes
témoins, ne représente en réalité que les adultes ayant des défauts qu'on
rencontre bien souvent chez les témoins.

5} Les organes reproducteurs des femelles issues des larves im-
mergées dans des solutions a 0,25% et 0,125% n'ont subi aucune action
cytotoxique; le développement ovarien a été& normal, comme 1'a démontré
l'examen microscopique 32 jours apres l'émergence. D'autre part, la
fécondité des femelles n'a pas &té affectée par le tepa {tableau III).

6) Le pourcentage d'éclosion des ceufs pondus par les femelles issues
des larves immergées dans une solution a 0,25% s'est trouvé réduita
26,9% (tableau LI). On ne pourrait attribuer la réduction de la fortilité a
1a seule réduction du pourcentage des femelles fécondées (67,0%); une
partie de femelles fécondées aurait pondu des ceufs non viables.

DISCUSSION ET CONCLUSIONS

On peut conclure des résultats obtenus dans les cenditions expérimen-
tales de ce travail que le tepa a une action marqguée aussi bien sur le sys-
teme reproducteur que sur 1'insecte entier lorsqu'il est administré avant
que les ingectes atteignent le stade de l'hlstolyse histogénese. A la con-
centration de 0,25%, les larves immergées pendant 30 min furent a la fois
stérilisées et tudes (tableaux I et III); ainsi on ne peut pas distinguer les
deux différents modes d'action du tepa, alors que, dans le cas de notre
précédent travail [1], la mort des insectes ne survenait que lorsque nous
utilisions des doses 50 fois plus fortes que celles qui provoquaient la sté-
rilisation des adultes.

Tzanakakis et Thomou [6], en irradiant aux rayons gamma des pupes
de Dacus oleae ﬁgees de 9 jours, provoquaient une stérilisation complete
chez ces insectes & la dose de 6 krad; en établissant la courbe de toxicité,
Tzanakakis [7] a trouvé qu' & la dose de 40 krad les rayons gamina ne
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provogquaient qu' une faible mortalité lorsque les pupes irradiées étaient
Agées de 9 jours. Dans les deux expériences, les pupes utilisées &taient
W 1ou 2 jours de l'émergence; les insectes avaient largement dépassé

le stade de l'histolyse-histogénese. En utilisant des larves de Dacus oleze
un peu avant la pupaison et des pupes guelques heures apres la pupaison,
Fytizas et Tzanakakis {{ravail non publié) ont trouvé des résultats différents
de ceux obtenus lorsque les pupes &taient fgées de 9 jours; ainsi, les
larves et les pupes irradiéesa 2 krad subirent 1'action insecticide 5 100%
tandis que la totalité de celles qui avaient été irradiées a 1 krad échap-
perent a la mort et qu'une partie d'entre elles échapperent a la stérili-
sation; la dose létale minimale fut inférieure a 2 krad et la dose stérili-
sante maximale supérieure a 1 krad. Dans Ie cas des irradiations on ne
peut pas non plus distinguer les deux actions (insecticide et stérilisante}
lorsque les insectes t{raités n'on pas atteint ou dépassé le stade de
1'histolyse-histogénese.

Le facteur de stireté (safety factor), rapport de la dose minimale
létale a la dose maximale stérilisante, ne caractériserait pas seulement
une substance comme chimiostérilisante ou insecticide; la mé&me sub-
stance peut 8ire considérée comme chimiostérilisante ou insecticide selon
le mode d'application ou le temps dlintervention., Le tepa, par exemple,
comme les rayons gamma, ne peut &ire considéré comme stérilisant
lorsqu'il est administré a des larves ou de jeunes pupes de Dacus oleze.

En outre le tepa, aux doses de 0,25%, 0,5% et 1, 0%, a pu inhiber le
développement nymphal d'une partie des insectes ayant dépassé le stade
de l'thistolyse-histogénése; peut-étre ce produit aurait-il aussi une action
sur le mécanisme de l'émergence.

Enfin, 1'absence d'action du tfepa sur la pupaison pourrait étre dif a
Pintervention tardive, 2 a 5 heures avant la pupaison. Des travaux sur
une action éventuelle sur la pupaison sont en cours, l'intervention étant
effectu@e & un stade plus précoce gue dans ce travail.
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DISCUSSION

A.B. BORKOVEC: What was the larval instar in which the insects
were treated?

M.E. TZANAKAKIS: It was the end of the third and last larval stage.
The fully grown larvae have then finished feeding, and leave the larval food
medium in search of a more suitable place to pupate. Under the conditions
in which the authors worked, formation of the puparium usually took place
2-5 hours later,

A.B. BORKOVEC: Do you know whether spermatogenesis in the male
larvae was completed or in progress at the time of treatment with the
chemosterilant?

M.E. TZANAKAKIS: I am afraid I do not have this information to hand,
but I believe thaf spermatogenesis was still in progress at this stage.
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TPYAHOCTH U YCIIEXH MACCOBOT O
PASBEJIEHWA HACEKOMEIX B JABOPATOPHH
1 BO3MOXHOCTH CAMOUCTPEBIEHHA
HEKOTOPRIX BPEJIHBIX BUIOB

E.M.UIYMAKOR

BCECOK2HBIH HAYYHO-HCCIEAOBATENLCKHH
WHCTHTYT 3AMNATE PACTEHHH,
IEHUHTPAR,

CCCP

Abhstract — Anno.raunn

DIFFICULTIES AND SUCCESSES IN THE MASS REARING OF INSECTS IN THE LABORATORY. AND
THE POSSIBILITY OF AUTOCIDAL CONTROL OF SOME HARMFUL SPECIES. The practical developnient
of the sterile- male release technique, as indeed of all metheds of aurocidal contzal of harmful insects, is
limiced by the difficulties of mass rearing in amificial conditions. However, analysis of cases of the
successfl solution of this poblem for a aumber of types of Diptera, Lepidoptera and Orthoprera gives an
indication of possible ways of setting up large-scale rearing of the insects required.

The most difficuit problem, that of ensuring a suitable food supply for the insects at any rime of the
year, i3 being successfully overcome as a result of the progress made in producing synthetic and semi-
synthetic nurrient media, which have been developed hoth for semi-saprophytic and for herbivorous and
predacious species. The choice of recipes for such nutrients is determined by comect selection of the
necessary ingredients, above all vitamins, free amino acids and sterols: the proper quantitative proportion
between these substances and between the basic compotient: of the food — protefns, fats and hydrocarbons —
is of the greatest imporzance. The amount of wark invelved in insect rearing depends on what means are
used for stexilizing the containers and for preventing rhe nutrient medium from decaying. One way in which
these problems have been solved is by the development of a dried muuient medium in powder form; this
has been successfully used for rearing the migratory locust {n the USSR, For & number of harmiul species
of Lepidoptera, it has been shown possible 1o rear the insects in a closed, sealed container. In this case a
supply of nursient medinm is provided adequate to ensure the insectz’ developrment from the time the eggs
or caterpillams are deposited unril the jmago of the new generation emerges. This approach grearly

sinplifies the whole process of mass rearing. Many species of insects can be reared on grain or plant seeds
which are less subject to decay during prolonged storage,

Another imporzaot problem is that of developing ways of overcoming the diapause in laboratory
populations in order to ensute conrinnous rearing. This can be done either by resctivating the insects by
temmperature changes or by instituting a perfod of illumination which prevents the diapause from starting.

A further possible method is that of selecting and crossing diapausing and non-diapavsing strains of a given
species. A number of species of Orchoprera having a fairly wide natural habita have been used to show the
possibility of autocidal conuml by adding 1o a narural poputation which normaily has a diapause specimens
of & non= diapausing popularion from orher parts of the habitat, This possibility has been demonstrated

for the cricket Teleogryllus cotnmodus Walk, in Australia and for sub-species of Locusta migratorie L.

in the Old Weorld. ‘The development of this form of anocidal control of jnsects merits close attention,

The work reported is devoted mainly 1o developing methods of antocidal control and techniques
for mass laboratary breeding of such harmful species as Carpocapsa pomonella L., Enrygaster integriceps Put.
and Lecusta migratoria L.,

TPYANROCTE H YCIEXH MACCOBOTO PABBEJIEHAA HACEKOMEX B JTABOPA-
TOPHY H BOIMOXHOCTH CAMOUWCTPEBIEHWSA HEKOTCOPHE X BPEAHBIX BHIAOB.
NMpaxTuueckas paspafoTKka METOAR BEHMYCKA CTePUIMSOEAHHEX CaMyas, KaK H soolme MeToA0R
CAMOMCTReDAeHHA BPeHEX HACEKOMMX, AHMHUTHDYETCA TDYAHOC TAMH MACCABOTY DRIES A HHA HX
B MOKYCCTBEOEHEN yCAOBREX. OAHAKD, AHANMA YCReNIHMX CAyuach pelleHHa 3ToR mpobnemir mag
pazZa eHAon Liptera, Lepidoptera v Orthoptera nozpondeT HAMETHTE BPOSMOMHLEIES OYTH Coaxa~
HHR TEXHUKA MACCOBOTC Pa3pefeHHs HeobxomuMmerx obsexToR.

21g
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HanBoaes TpyAHHE BONpoc 0bECOEYEHHE HACEKOMMNX COOTBETCTEYDMEM KOPMOM B niofoe
ppeMA TOZA YCNeliHe paspenaeTed Grarolapd UPOTpPeccy, AGCTHOHRYTOMY P COSTAHMH CHHTETH-
HECKMX W MONYyCHHTETHYSCKHX MAZEBLX CPEA ANA HacexoMmx. Takwe cpeisl paspaboTaHy yxe
K&K AR NONyCANpoUTHEX, TAK ¥ IAA PACTHTEALHOSAHMX K XUENHX BEICcE. Iloafop peuenros
AN TAkAX Cpel onpefensercy NPAsUALHEEM BHOOPOM HeCOXOAKMMAIX KOMNOHEHTOEB, B NeRBYD
oyepefs BMTAMHHOE, CBOCOANKYX AMHHOKHCGAOT M CTEPHHGE. Baxneflmes aHavenHe wMeeT npa-
BMIBHOe KONHYeCTBEHHOE COOTHGUeHHe B NUMEROH cpefle Kak YKaJaHHAX Be@EeCTB, TakKk U OCHOBR™
HMX KOMOOHCHTOR KOPMA — DEAKOP, BHWPOE H ¥IrAeE0A0B. TpyAoeMKGCT: NpoleCcos DARSMAQXE-
HMH HACEKOMEX GOPeAENAETCH cnocoGaMH CTEDHAHIAUHH TIGCYHAHM B CCALKOE, 3 THKRE MeTOLA-
MW NpeIoXPAHeHHA MUMEBMX ¢pel OT 3ATHEBAHHA. IpHMepOM NPeoAOREeHAR BTUX TRYIHOCTeR
ARASETCR COafaHue cYXoii, nopomkocGpasHoil cpeds Ard nmepeseTHol capaduyM, Ha KOTOPO# B
CCCP 2ToT PHEA ¥CNeWHO BOCNMTEHBaeTCR, JHna pama ppeanwix evgor Lepidoptera "norazana
BOAMOXHOCTE BHPAMWBANAA 0CcOGeA B 3AKPHTOR, TepMeTHIUPopaHuoR nocyae. [ipu sTom
nseTcH 3anac numescl cpefn, ofecneunsanmult pasedTHe ocolelfl ¢ MOMEHTA NOJCAZEN HA cpaiy
SHL HAH TYCeaHly A0 BHXOAA WMATC HOBOTO NOKOAeswua. TaKoH NpHeM BechMA YOPOWAET BECH
TEXHOMUIHYECKHE Opouecs NoXydIedud MaccopoR MpodyKuud. MuEOTHe BUAL BACEXOMEIX MOXHO
BOCMATHEATE HA 3EpHe H CEMEHAX DAcTEeHAR , MeHee MOIRERReHHHX SATHHEREWD NDH LAHTENE -
HOM XPAHEHHH.

BaxnefimHa BONPOCOM MACCOBOTO PABREASHNS ABAALTCA PaspalorTka nyrell NPeoloREHHS
Awarayas y A1ab0paTopiodl nONyAZNUH, 4To ofecneuyHBAET HERPEpPHIBHOCTE PASBENERHS. YcorTpa-
HEHHe THANAY3H AQCTUTASTCA KAK DEAKTHRANHEN TEMNEeDATYDHRMH RO3ACHCTRHAMH, TAX U COZ-
aanvem doronepHona, NpeJOTRPAMAK MET0 BOIHHKHOBEKHE Ananaysw. DosMomed ewe oldnd
OyTh! NoOSOp K CKPeUBpaHUE TEHETHYECKH DAIHYHLIX PAC AAHHOTOD PHAA, WMEWIHX AHAORY3Y
| JHmeHHEX ee. Ha npumepe paza ewmop Crthoptera, uMenmuX gocraTouHo Gonpmue apeand,
NOXASEAHA BOAMOXHOCTE CRMOWCTpeGAcHEA BPeARHX BHEOP NYTEM DOAMEMMBAHUA K ODUPOAHCH
MONYAAURH, HOPMEREHG UMeR Welt guanayasy — ccobeR GesananaysHON NONyMAnMH #3 IpyIUX Uac-
Tefl apeana Torc me saxa. Takde poaMOXHOCTH pHRBAen: AmA cpepura Teleogryllus com-
rmodug Walk » ApcTpanuu, ¥ 413 nesenzos Locusta migratoria 1., va reppuropyn Craporo
CreTa. PaspaboTka TRXOTO O¥TH CAMOHCTDeGIEHHA HACCKOMEX 3aciyxHpasT BOosMOTo BHH-
MAHHA .

B samux paforax oCHOBHOE BHHMaHHE YIendeTcd paspaboTKe METOLOB CAMONCTPeSIeHHA
# TEXHUKH MACCOBOTC NaSCpPATORHOTO PASBELeHHA TREKMX BEPSAHHX BUAOE xak Carpocapsa po-
monella 1.., Eurygaster integriceps Put. # Locusta migratoria L.

3a nocmeluHe ASCATH €T BC MHOTHX CTPAHAX HHTEHCUEHO DAlBUBANHCE
HCCHeNOBAHUA B ABYX GAH3KWX HanpapleHHsX — paspaborka MeTOJOB CTEepH-
AH3ALHA HACEKOMEIX U CO3JaHHE TeXHHKH MAaCCOBOFO pasBejeHHs #X B aabo-
PATOPHHX ycnosuax. XoTs #TH As8a HANPABJEHYS BOZHWKAHM M DA3IBUBAIHCH
HE3aBUCHMO K ONHDANHCE HA PABJANYHHNE PHIHONOTHYeCKHEe OCHOBH, OYEHE
CKOpO CTala ACHA OPTARKYEeCKas CBA3L 3THX HANpapnedu.

TTpakTHHeCKHE YCHeXW UPHMEHEHHS CTePHAN3AUWH HACeKOMBIX JOCTHI &~
AUCE JAmME TaM, rae Gnuta pazpaboTaHa sapaHee aflekparHas TeXHHK& MAC-—
COROTO NOYUeHHS HACEKOMEIX JIA UX NocAelyRmero obayveHna win obpa-
DOTKH XE€MOCTEPHAAHTAMHE .

PaspiTHe UCCAeOBAHRA B OOMACTH XUMHYeCcKOoH CTEPHINBSALHH HACEKO~
MEHIX HAYAJIO0CE COBCEM HeJABHO — Jums Docke 1960 roza — HO uMeHHO Nocke
3TOH AaTH 0COBEHHO UHTEHCHBHO CTANR paspabaTHBATE G MCKYCC TBEHHLIE
MMEEeBHe Cpeh AI% HACEKOMBX. Kak NOKA3HBaeT TOALKO 4TC BHMe Imui
B ceeT 0Baop Xayca [1], Hanpumep ans Lepidoptera Gonee 80% peuentos
HCKYCCTHEHHHIX CpelX GBIAM OnyGNHKOBAHE B paboraX, BEHMEANUX B CBET
nocne 1960 roga. B pabote Xayca COBEPIIEHKC HE YYTEeHEl HCCHCAOBAHKA,
NpoBeAeHHne B 3ToM HanparieHHd B CCCP, rae nepsre nyGiaukanun o6
MCKYCCTBEHHEIX CpeZaX Taxkxe nNossiiuce B 1960 roay [2] ¥ B nocnegyw mue
TOIE YUCAO UX NOCTENeHHO HAapacTalo.

Takuum obpazomM, paspaboTka METOAOE BOCIHTAHMA HACEKOMEIX HA HC~
KycCTBeHHOH mime SBASETCH OUYeHs MOJOGHOH OTPACABI 3HTOMONOTHUSCKHX
uccaeoBaHui, 0COGBHHO HHTEHCHUBHO paspafaThpa Meiica MUHs B NOCAES—
Hee AeCATHIAETHe. 2TO obcroaTeNsCcTsOo oNpelenseT PAR TPyAHocTel, He-
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uaBexHO BOSHHKAK MUX NepeX HCCAeNOBATENAMH, paboran mMUMH 8o BCAKOH
HOBOR OTpachu HaykKH. DBnonHe eCTeCTBEHHO, 4TO Teopernyeckue (Fusunomo-
TH4YeCKHe) OCHOBH PA3EeAeHHS HACEKOMEX HR MCKYCCTBEHHOH Nume eme He
BnosaHe paszpaboTaHsl, H XOTA OCHOBAHHBIX Ha NPOBEeJEHHHIX 3 KCHNEePHMEeHTAX
oGobiteHnii BEICKAZAHO AOCTATOWHO MHOTO, OHU OTAMYAIRTCA IHAVMHTENLHOH
$parvMeHTAPHOCTLY U HY XKZAKNTCA B KPHTHYECKOM AHANHIE U SKCHNEpUMeH-
TanLHOH [poBepKe.

BeoaeacTBRe MOJIOACCTH ZAHHOTO HAYHHOTO HAaNpamBineHHs AaeT ceba sHATE
HeKOCTATOK 060GHeHMA HAKOITEHHBIX JAHHEX H HeSOMRMOoe KONHYeCTBO CBO-
Goaunx ¥ 0630pHEX paboT Mo 3TOMY BOnpocy. YnomsaHyran sume pabora
[1] no cymecTsy apaserca nepesiM ofsopoM, o6be JHHHBIEHM HAKOMACHHLIE
MATEPHAAH U0 peuelType MCKYCCTBEHHHX Cpel AAS HaceKoMbix. OHA oxpa-
THBAET NPeHMyMecTBeHHO RCCNeJ0BaHNud, nposeaeHssie B CIIA, Kanane,
Benukofpuranny # SINOHMY, U NOKA3KBAET ROCTHXEHMA E CO3HAHHHE HCKYCCT-

BeHHOH MHIN G HACcEeKOMEHIX NPeHMYWMECTBeHHO U3 orpasos Coleoptera,
Diptera, Lepidepterau Orthoptera. KoanuecrTeo BEAOE, AN KOTODHX pas3-—
pafoTaHs MeTOAK BOCANTAHHA HA CHHTETHYECKHX CPeldX B KAXIOM M3 yKa-
SaHHHMX QTpAIoB, Koaebnercs ot 10 Ao 25, a scero Xayc paccMaTpHBaeT
COCTaB MHmMM nDpuMepHo 1as 115 suaop macekoMux, B pafore Xayca 6one-
moft MHTepec apeacTapiser GuSmrorpadus obaopurx paSor no PHIKOIOTHH
NUTZHAS HACEKOMEIX, OaHHAA B OpHUAOXeHUH. I Ta OGuGavorpadns HauMHAeETCHA
¢ u3BecTHoro ob63opa ¥Yeaposa [3] u sakaduyupaeTcs NocaeIHUMHE paboTamu
camoro asropa [4].

XpoHonorudecku paGorTe Xayca npe/mecTBOBa/AM ARNE 0630pHbIe patoTw
N0 HCKyCCYBeHHHMM Ccpeaam, onyGaukoranusie 8 CCCP [5, 6].

B uwavane 60-x roaop paseefcHie HaceKoMuxX-Purodaros ua HekycoT-
BeHHBIX CPeXAX TOABKC HAYHHANOChH. HO K 9TOMy BpeMmeHu yxe OHJIH JOCTHT -
HYTH SHAYHTEABHEIE YCOEXH B CO3AAHHH KCKYCCTBEHHHX cpef AAd Haceko-
mEx-noaycanpodaros (Drosophila melanogaster, Lucilia sericata, Cochlio-
mya hominiv » ap.), AN BUAOB AMTAN HUXCSH 3€DHOM UIIH MYKOH, a TAKKe OH -
meBHMH OcTATKaMy (HanpuMep, Tenebrio molitor, Tribolium confusum
Tapakads Blatia u Blatella u r.J.

Tepere paBors: ¢ pa3sBeleHHH HacekoMuX-PuTodarop Ha MCKyccTREH-
HHX Cpelax NOABMANCH NHMEs B 50-X roAaxX H B HA4ale ONBITA He NPUHOCHIH
ocofHX yClleXoB, NOKA3aE 3HAYHTEALHYD TDYRHOCTE NpobAeMbl.

NMums nocjie TOre, Kak K cHHETeTnuecko#t cpefe 6uiau JoOaBIeHH BEMeCT-
Ba PACTHTENRHOTO NPOHCXOXKACHHS B BHIAS PASMOMOTEHX CYXHX JHCTBEB MM
AATeHTORAHHOTO NPENAPATA M3 COKOB TPAE, H3BECTHOrO NG HAIPasueMm "ue-
podnn", 6HAM AOCTHTHYTH TeDBHIe YCNEXH B BOCIHTAHUM NOAHOLEHHOTO [0
TOMCTBA TaKHX BMAOB Kak Pyrausira/Ostrinia/nubilalis # Grapholita molesta
(1948 —~ 1956 roam}.

B nocaeaymmue ToOgs, 0OHAKO, 6bIMH HajinedHs! cocTand cpel, Gea noban-
JIEHHR KaKHX—-JH60 BemeCTB PACTUTEALHOTO NPOHCXOXAEHAA; Ha TAKHX cpe-
AAX YRANOCH BHPAMMWBATE PAR CKPEITOXUBYMHX HACEKOMEX, OT KOTODHX
615110 NOAYUSHO MIOIORUTOE NOTOMCTBEO B TeYeHHEe HeCKONbKHX Nokomennfi.

K rakuM sugaMm oTHocaTcs Hylemyia antiqua, Pectinophora gossipiella,
Pexicopia malvella, Chloridea obsoleta, Anthonomus grandis.

Bocnuranie HACEXOMBIX, KHBYIHX CKPHITO, BHYTPH pACTHTENBHOTO
cy6cTpaTa, YARBANOCE JIETHE, YeM BhHIPAMHBAHHE HA CHHTETHUYECKHX Cpelax
durodaros, RMBYIHX OTKPLHTO HA NOBEPXHOCTH JUCTBEB.
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BOaMOXHOGTE BOCHHTAHNA HA CHHTETHUECKWX CPeAAaX OTKDHTOXKHRYMHX
HaceKoMelx Grina noxasana Hamy [2] na mpemepe rycennu Loxogiege
sticticalis, , a BIOCASNCTEBHA M A HEKOTOPHX APYTHUX bHAos Lepidoptera.

3a nocaepyomue 5 ner (1963 — 1967) koanuecTso PaloT, NCCBAMEHHEIX
HCKYCCTBEHHBIM CPEAaM AMH PA3AUYHBIX KAK CKPAITOXWBYMWX, TAK U AHCTO-
AAHHX HACEKOMBHYX, NPOTPECCHEHG BOZPACTANC BO MHOrMX cTpawax, [pu srom
ocnfoe RHHMAHKE YHAeNANOCH TeXHHKe ROAyUYEeHHA Maccoboil NpoAyKUHHM Hace-
KOMBIX, UTCG CTHMY/JMPOBANOCE NoTpeSHOCTAMY pa3paboTKK HOBBIX METOXOB
GopsBH ¢ BpeAMTENSMHA, TAKHX KaK '‘Sterile male technique' u apyrux cno-
c060p caMoOHCTpebNMeHHA BPpeAHBIX HACCKOMEIX.

B cpa3n ¢ atuM B ClUIA 6Grita NpeANpHHSATA NMONLTKA CO3JATE KANUTAIL -
HOEe PYKOBOACTBO N0 MACCOBOMY PABBENEHHD H KOJIOHH3AUMH HaceKoMuXx [7],
KOTOpas OMeEHAHO, B O/uxkaifllee BpeMs BHAeT B cBeT W GyOeT AOCTYINHA
3AHHTEPECOBAHHEM UCCHAEJOBATENRM.

MepeunchedHbIMY BhMe paboTaMu NPaKTHUECKH HCYepnuBawTcA 0630p-
Hil€e TPYAH N0 MeTOARKe BOCOMTAHNA HACEKOMBIX HA HCKYCCTPEHHHX Cpejax.

HecMoTps ua moNogocTs NpobaeMul, CllelyeT OTMETHTL NOABACHHE B
CaMBie NocJeRHue Tolsl HEKOTOPHX TeopeTHdecKHX obobmennii, KoTopzie,
BEPOATHO, ABATCH NOME3HEIMH PYKOBOAAIMKEMHE IPHHUHIAMUY B AATLHEANNX
Hecae JOBAHKAX No paipafoTke peuenTyphl HCKYCCTBEHHBX NHTATENLHBIX
cped I8 HACEKOMBIX.

OOHEM H3 TAKHX BAKHEIX TEOPETHYECKHX HCCAeNOBAHHI ABAAECTCH ApyTrasm
paGora Xayca [4], paccMaTPpHBAKINAY 3HAYEHHE HEeKOTOPHX HOBHX AOCTH XKe-
Hui PHIAOAOTHH MHTAHWA HACEKOMEIX And paspaborku npobnem Sucrorrvec-
Koro MeTona GOpLBE C BpeAMTERAMK, Xayc yCTAHAEAHBAET TPHW NPUHIHEA
MHTAHWA HaCeKoOMKX, KoTophe o QODMYJHPYeT ciaelywmsum obpasoMm:

1. Tpapuac TOXZSCTHEHHOCTH NMEMEBLX TpeboBamuil;

2. TIpMHUNN PANHOHANEHOTO COOTHOHEHUA NHIEeBMX KOMNOHEHTOH;

3. IDpuHOun KOMOSHCUPYWMHX KoSaBox.

DT obobImeHHs MCCAeAOBaHUI, NPORSIEHHHX KAHAACKHME 3HTOMOJIOTAMH
B Genneusne, saCAyEUBANT CEphe3HOIC BHHMAHHA.

Hcenegosanus, nposejesnwe p CCCP, Takxe no3sofMWaIH CASMaTs HE-
xoropue ofo6menna. B Hamux paborax [8] nokasaHEl NUMeBEe PASAUYIHSA
HRCEeKOMBIX, RUBYMEX BHYTPH PacTHTENBHOTO cyberpara (CKpsrToXKUEByMHE)

# o0HTanmue OTKPEITO, NHTapbmaecd aAucrsofl pacreunt, DBrigcHeHo, 4TO ANA
BHAOR, DA3BUBAKIMWXCHE B HPHPOJAe Ha MIOJCIAEMERTAX, ONTHMANbHEIMM ABNE-
PTCR Cpeds ¢ OoJplidM KOMHUYECTROM a30THCTHIX BEIECTE ¥ XHPOB, HO OTHO -
CHTeAsHO GeAHbIX YTAeRCIAMH H cTepusaMi. JIna AHCTOAIHEIX HACEKOMSIX
HANPOTHB, HeoOXOAUME cpelsl Gorartee yriepolaMH U CTepUHAMH, B TO Bpe-
MA KAK OTHOCHTE/bHEl HaBsITOK XHPOB H A30THCTHX BEeIeCTE KReHcTBeT Ha
3THX HACEKOMLIX YTHETAWMe. YKaszaHHEE PAs/JHYHA NHeBnX Tpebobannil
HACEKOMBIX DTHX IABYX THNIOB SRASOTCH OTPAXEHHEM PaSAHYHE OHOXMMHuEC-
KOFC COCTABA NPHPOAHOH# MHMH 3THX ABYX rpynn ¢urofaros.

Baxk#iM obofuedneM COBETCKHMX HCCASAOBATe/ield ABAAETCA TAKKE BHNC-
HeHHe poaHu cROBOAHIIX AMHHOKHCAQT, KAK HeoUXOAHMMEIX KOMNOHEHRTOB MUK,
HWsyueHre NETaHWA TYToRoro u aySororo menaxkonpiios (Bombyx mori u
Antheraea pernyi), nposegentnoe draunnosuyem {9 — 12], nokasano, 4To BRI~
6op NHIMHM B 3HAUNTENLHOH Mepe onpereixseTcH cofepXaHueM B Hell onpepme-
NeHAOTE Habopa CBoBOAHLX aMUHOKHCAOT. B Hamux paboTax Takxe No-
KA3AHO, YTO JaXe y BHIOR, PA3BHBARIIUXCA B NPHpPOJEe HA OJHOM A TOM Xe
PACTEHNY {XJCNYATHHKE)}, NOTPebHOCTH B Hatope cBOGOAHNX AMWHOKHCAOT
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pPa3AHYAEl, 4TO BHIHO HA TIPHMepe CPABHHTE]LHOTC H3YJYEeHH% NMHIeBBIX
rTpeboranui Gelechia malvella nChloridea obsocleta [6].

Tpupeaeunsie BEUle 0S06MEeHWd CTANHM EO3MOQXHH, FAaBHNM o6pasomMm,
Gnaroaaps NPUMEHEHHI0 METOIOB BOCMUTAHMA HACEKOMBIX HA CHHTETHYE CKHX
OMMeBEX CPERAX, JIMUEHHLIX OPCAYKTOE DACTUTENEHOTO NPOHCXO K ASHHIA ,
DTH MCCHe JOBAHMA NO3BOAMAM JAMEKO BNepel NpojBKHYTe HANIM NpeACTasiae=—
HHZ O POJH QTASABHBIX KOMIOHEHTOB {IMIM B HEACEKOMMX ¥ Gonee ofocuonaH-
HO NOZOHPATRE PELENTYDY HCKYCCTBEHHOH NWIMM AR MACCOBOT( PA3BeAeHWR
HACeKOMBIX B 2a50paTOPHHX yCHOBUAK.

Ho nmoxaayii caMuM BAXKHEIM TEOPETHYECKUM JOCTHAGHHEM NOCHEIHAX
JeT ABAHETCE OTKA3 OT NPEACTABNEHHS O TOM, 4TO BHO0p NHEK HACEKOMEIX
3ABHCHT OT HAJHYHA KAKHX-MHOO cnennduIecKkux BemecTs, NOAYYHBIAX
HA3BAHYE AKUedTAHTOR, farocTuMmynraTos U T.4. Eme mo 1956 rona o1
npeacrasrenns GeUIE 04SHP PACNPOCTPAHEHb W 3aMMMAARCE HeKOTODLHMH
asropamu [13, 14]. OaHako, Mo Mepe TOTO, Kak GuAN JOCTHIHYTH YCOEeXd
B pasBeJeHdH HAaceKOMBIX Ha YHCTO CHHTeTHUECKHX CpeAaxX cTalc ACHO, 4To
NPHBACKATEALHOCT: NUIH 2ABHCHAT He OT HaNW4YMA B HeH $arocTHMynaHTOB,
A OT COOTHONEeHUA H HaGopa OCHOBHHX MHTATENLHEIX BEMECTB, KOTOPHE
ABAAK TCA OBMHAMY IAR BCeX HACEKOM:X. OOBA3ATeNsHMY KOMNOHEHTAMH
MADEEHX CpeA AN BCEX HACEKOMBX ARAAKTCA a30THCTHE BeMecTha (Genkwu
1 AMHHOKUCAGTEH), MUNHUAE ( XHPH M CTEpPHHHI), YLASBOAH, 4 Takxe Habop
HeoOXOAHMBIX BHTAMHHOB W MHHEDANEHHEX cofefl.

Yenex BOCTHMAHUS HACSKOMBX H& CHHTeTHYSCKHX cpelaX 33BHCHT He
TOMLEKO OT XHMHUECKOTO COCTABA CpPejl, HD I OT WX KOHCHCTeHuu., Has
MHOTUX CKPEITORHEYHNHX HACeKOMEX, Hanpumep Pexicopia malvella nan
Carpocapsa pomonella,cpena sAgeTCA He TOML KO NUmMeBhIM cyGoTpaToM,
HO # cpenod ofuraHus, B KoTopoft rycenyus NPOKNAJHBAR T CBOH XOXb,
CTPOAT KAMEepY ANA OKYKAGHWA H T.hA., NOITOMYy OHa flonxHa oblanarte
cooTseTcTEyRMed KoHcHcreHuueit, Xaa sToro B cpelds EofaBaseTc:a arap,
LeNnna03a, 8 B HEKOTQODRIX CIYYadX ¥ aapHHOBAM KACNOTA, AAd CBRIBBAHUA
pnarv. KoHCHCTeHNUHs cpedsl B 0CoB8eHHOCTH XOJNKHA YYETHIBATEGCR NPH pas-—
BeAeHHHW OTKPBITOXMBYMHUX HACEKOMBIX. TAaK, HANpUMEp, B HAMMKX ONbITAX
ocolsle TpyxHooTH npeJcTaBra noafop nHMeEewX cpend Ans rycedun Portheiria
dispar W 9TH TPYAHOCTH yAaNoch APEOACAETh AWML NMOC/AE TOTO, KAK B Cpe-
Iy 6mna Acbaprena AamETHHOBAA KHCAOTA, HPpHAABMAR €f 3HAYHTENLHYXD
NAQTHOCTE .

B KauyecTse NpPpHMepa CHHTE THYECKHX cpejll, IPUMEHRAEMEX B HAMWX pa-
forax A pasBeXewHs paxa nuaor Lepidoptera, s Tabn. 1 npusogMTCs
clenyomui pelentT;

Ykasauueifl peuenTt npejcTabndeT cperXy, obrananmylw HapecTHOM
YHHEEDPCANLHOCTRID, TEK KaK NPUMEHAA HEKOTODLIE BAPHAUMH €€ COCTaRz
OKa3alock BOBMOXHBIM BOCTIHTHBATHL HA TaKOoH cpeke CAeyRMUe BHIE
Hacekomux: (hloridea obsopleta, Ostirinia nubilalis, Pexicopia malvella,
Loxostege sticticalis, Hadena sordida # Carpocapsa pomonella [8].

TucTO-CHHTeTHYeCKHe cpeisl, noAobWbe NpHBeAeHHOH BHIIe, KOHEYHO,
HeNlb 3 PACCMATDHBARTE KAK NEPCHSKTHBHEE A1d MACCOBROTO pA3lseJeHHiR Ha-
CEeKOMBIX B NPOMBIIIASHHBX MacmTabax, pcAeICTEBHE HX CAOKHOCTH W JAOpG-—
rosuskr, OAHAKO, Takne cpedbl CAyXAT HCXOJHBIM MOMEHTOM IS BbIACHE-
HUA NUEeBsX TpebonaHuil OTAENLHEIX BUROE U IS COBJAAHUA TAK HAZLIEAEMBIX
OOAYyCHHTETHUYECKHX CPel, B KOTORHX onpeleleHHbe HHAHBHIYAMnHbE XHMH-
qeCKHe B eCTBE 3aMEeHANTCH NPHPOAHHMH NPOLYKTAMHW DACTATENLHOTO MAH
AHBOTHOT'C NPOHCXOKASHWA,
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TABJHIA 1. COCTAB UCKYCCTBEHHOH NHMEBOH CPEINL! N4

HACEKOMBIX

TARBLE 1. COMPOSITION OF ARTIFICIAL DIET FOR INSECTS

T pymmu Komwuecteo pemecTra (I)
BEDlectD BemecTeEa e 130 © cpensl
Groups Substances Quantity in grams per
of substances 100 g putrient medium
I, ABOTHCTHE BEMECTER
Nitrogencus
substances Kazern 8,0
Caseln
Trpo3HH 0,015
Tyrosine
BanvA 0,015
Valine
Apruasi 0,015
Arginine
Nedong 0,015
Leutine
TTusun 0,015
Lycine '
AcnapaTHHOBAR KACADTA 0,004
Aspartic acid
B AZHAA 0,01
Adanine
MeTHOHEE 0,01
Methicnipe
CepHl 0,01
Serine
PeHHAANAHNE Q,01
Phenylalanine
LkcTiH 2,15
Cystine
Cavume 4,15
Glycine
M., JHOAZN
Lipids
PacTHTensHOe MACAO 1,0
Vegetable oil
XonmecTepud 0,1
Chelesterine
HOI. ¥Yraepoxau
Carbons
Caxaposa 6,0
Saccharcee
TV. BRTaM#aHs
Vitaming
Buramur B, Q0012
By
Buaramun B, 00,0018
By
BuTtamue By 0,0016
Bj
Buramne B g Q,00008.
By
Tla#ToTEHOBAA KBCIOTA 0,004

By (pantothenic acid)
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Tabmuua I {npogonxenve)

I'pynnu KaanggcTRO BEMEeSTRA (T)
BEMECTE BemecTaa 2 100G r cpedw
Groups Subistances tantily in grams per
of substances 100 g nutrient medium
doanepas kHeAOTA 0,001
Bg (folic acid)
HHEKOTHHOBAR KHCAOTA a,024
Nicotinic acid
AtKCpOHHOBAA KHCAOTA 0,03
Asgcorbic acid
Buramui E (Torodepor) 0,036
Vitamin E (tocopheral)
V. Tlpouue
Others
Arap 4,0
Apar
Uenawroaz 5,0
Cellulose
ITueHele JpoxaM (ABTOMHIAT) 8,0
Brewer's yeast (autolysate)
CMeck MHEEPAILEHX conel 2,0
Mixture of mineral salis
Boza Aobapnge TR
E Ao 100 ¢
Water added up
to 100 g

[[pEMepoM yCREHIHOTO CO3NAHMN NPOCTHX NONYCHHTETHYECKHX cpej
apaaeTca npoeededHas 8 CCCP paspaforka cyXoil nopomkeobpasHoii cpeer
ans Locusta migratoria [15]. O6wuHO # NaBopaToOpHKX YCAOBHAX 2TOT BHE
BOCNHTHEBAETCA HA [IPOPOCTKAX NIEHWUE WAH IPyTHX 3AaKaX, NpHueM 3eae-
HBIH KOpM MoXeT GHT: YACTHYHO 3aMeHeH OTPYGAMY WK EPYTHMYA OPTaHH -
JeCKHMH NPOAYKTaMK. Bocmuraune capanud Locusta migratoria wa cunre-
THYECKH#X CPelaX fPOBOAMAOCE KAk B BenukobGpuraunw (16, 17], rak » B
CCCP, H 9T0O MO3BOAWAC BEIACHUTE NEMense TpeSoBaHUYE 3TOTO BHER.

B pesyiaeTaTe pAAa NOCHeNOBATE/NILHEX YIPOMeHWH B KOHeUYHOM UTOTE
OrTa Cco3AaHa O4YEPHR NMPOCTAR CYXas CPENA, CORSDXAMAN BCETO T KOMNOHEH™
TOB: CYX0H TPOCTHHK, CYXOe KODPOBLE MOJIOKO, OTPyOH, CyXue MHSHLIE IPOXK-—
XM, Caxapo3y, acKopSUHOBYR KHCAOTY B xonecrtepud [8]. Ha stoft cpene
OO0 BOCMHMTAHO HECKOJBKO NMOKONeHHE capaduu, 6e3 gofapreHus KaKoro-
6o 3e/1eHOTO KOpMa, H NOJY4EHH HOPMAd s Hue 0cobn ¢ BrCOKOH IA0J0BH-
TOCTRIO.

Cyxue nopomroobpasgele cpefbl 001a1anT GOAL MHMY NMPEMMYHEECTBAMH
TAK kak He TpebywT 3a50TH 0 6opnbe ¢ 3arHMBAHMEM KopMa, HeT neofxo-
AUMOCTH CTEPHAHIOBATE Cpely MAH E0oDAaBAATL B Hee aHTHCENTHKH I4A npe-
AOXpaHeHHs OT 3ATHHBAHMA, YTO NpelcTasiageT cobol oJHy H3 Hanbonee
TPy EHLX 3aja4 npid pabore ¢ HCKyCCTBEHHEIME cpegaMu, OQIHAKD, cyXue
CPeAEl MOTYT RCIIOA:E 30BATHCH JWHE B OTPEHHYEHHOM 4HCAE CAYYAEeB — TOHbKO
EA HACEKOMBIX, CNOocoSHEX 2KTHBHO NHTH BOAY, NoacdHO capaHue.

IMpu pabore ¢ NOAyCHHTETHYSCKHME cpelaMH 60Ms MKMe NEPCHeKTHEE
CYMMT HUCTONE30BAaHNEE NPHPOIHEIX NPOIEYKTOB OCOBEHHO GOTATHX BHTAMKHAME
H AMHHOXHCAOTAMY,
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Psajg aBTOPOB HCCAELOBAA NHNMEBYX LNEeHHOCTE MNLALUL IAA HEKOTOPHX
HacexoMmux [18 — 21].

BriCOKAaA AUNIEBAR HEHHOCTE NBIABLE OB YCTAHORACHA B ONEITAX €
Anthonomus grandis [22]. 37H UCCNEAOBAHHSE [TOKAIANH, YTO NMUUEBANT LeH-
HOGTE MCKyCCTBeHHHX CpeX MOKET S3HRUHTeNhHC TOBLIEHA NyTeM Acbasne-
HMZ CMECH IBETOYHOR MBIABNH HIAH 33pOABIMla COMSH NMeHH. [locaeAvn#
[APOAYKT TAKXe MUPOKO HCROAL 3YeTCS B UCCNeJOBAHUAX MO HCKYCCTBEHHLIM
MUTATENLHEIM CpREeJaM.

Ocobuilt KHTepec NPeACTARASET MATOYHOe NUenAuHOe MoJouko (royal
jelly), xoTopoe upeseuidaliio GOTATO HEKOTOPEIMM KHIHEHHO BAXHBRIMH A1d
HAceKOMBIX BUTAMUHAMHE K 2aMHHOKHC/AOTaMK, HelaBHUMH UCCASA0BAHUAMHA
Penbonga v ero coTpyaHHKoB {23 — 25] yCTaHORBAEHO HCKMOUATEIRHOEe 6o
raTCTEO MATOYHOTO MOJOUKA NAHTOTEHOBOH KHcnoTod m domiesch KUCAOTOH,
v.e. BHTaMMHAMH, 6583 KOTOPHX PA3BHTHE HACEKOMBIX HA MCKYyCCTBRHROR
EROE He MOXeT YCNemHo npoTekars. B To Xe spems B NPHPOXAe Kpaiue
TpyaHo HaliTU Apyrye npoAyKThi, KOTOpse Bun G croas xe GOoTaTEl 3 THMH
BHTAMHHAMH. K COX&fieHHK, A0 CHX NOP MATCOYHOE MOMAGYKO He WCNOTb30Ba-
AOCHE P MATOTOBRIEHUH HCKYCCTBEHHEIX Cpex.

IIpH RCRONB 30BAHNH B NOJYCHHTETHYECKHX CPEAaX BRICYMEHHEIX KOPMO-
BHX pacTenuit cAeZyeT UMETs B BHAY, 4TO NpPH CyuWlKe pacTeHnll repsaerca
AHAYMTeALHAR YACTH BHTAMHMHOB M CTEPHHOB, XH3HEHHO HeoOXonuMmX Ans
PA3BUTHR HACCKOMEIX, H IO2TOMY OHM BOJXHEI BOCNOAHATECHA.

B paBore Bopucosofl [15] Grac noKaszako, 4TO OPH BHCYMHEBAHMM
TpocTruka (Phragmites communis) nia cyXHX Cpel, HA KOTOPHX BOCIHTRL™
pasace Locusta migratoria npoRcxoar cAeAyRilNe HAIMEHEHHE B COlepXa-
HMM YKA3aHHBIX BEMECTH:

MosToMy A1 CO3AAHH% NMONHOUEHHOR ROAYCHMHTETHYECKOHA Cpels LA
Locusta migratoria s Hee oKkas3anocs HeOBXonrMEIM A0BARAATE ACKOPOHHOBY
KHCJIOTY W XOnecTepHH.

Xors xonecTepsH ABIASTCH NPOAYKTOM XHBOTHOTO NPOHCXORISHHT H B
PACTHTENLHBIX TKAHAX He BCTPEYAETCH, OH ABASETCH KUIHEHHOHeOGXOIZUMBIM
KOMIOHEHTOM KOPMa, TaK KaK yCehelio ROCNOAHAEeT NoTpeGHOCTH HACEKOMBIX
B cTepHHax. [lo2ToMy §60/:HHHCTBO PELENTOB CHHTETHYECKWX K NOJYCHH~
TeTHYECKKX Cpef BKAVYAKRT XOJeCTepHH Kak off3aTes b Hyk CoCTaBHYR
YacTb .

Bonee gerannHpe JAaHHBEIE O BAHAHHH OTIeNEHEIX MHMESBBIX KOMIOHEHTOS
Ha pasBuTHe HACeKoMHX-DuTodHaron NpuBeseHs B yKazaHHHWX Beille o63cpax
Dpem mana [5, B].

BaxxelimuM sonpocoM npu paboTe ¢ UCKYCCTBEHHEIMH CPeIaMH SBIAETCH
NpeIOXpAaHeHWe WX OT 3ATHHBAHUA B TeYeHWe JIHTENbHOTO BPpeMEHH, Heol-
XOZHMOY'O ANA PazBUTHA AAHHOTO BMARA HACEKOMOTO. DTO AOCTHTAETCH NyTeM
CTepHNH3AIMN OOCY AN O MOMENEeHHd B Hee NHMeBOH cpefsl ¥ #HUl WIK MH-
YUHOK HACEKOMOTO (0BBWHO C HOMOMBI ARTOKMARHPOBAHUA), & TaKke Aobab-
TeHHEeM B Cpely CNeHHANLHBIX AHTHCENTHKOH, Se3BpeNHHX A HACEKOMBIX.
Boas Moe KOAWYECTEO PABNHYHMNY AHTHCENTUKOB HCNOAR 30BANOCE AMHA Npe-
AOXpaHeHHN Cpefi OT SaTHHBAHUR, YKaZaHad 0 XUMHUECKOH NpHpode Takux
AHTUCENTHXOR, NPUMEHIBMUXCE B PASNMYHNX CTPAHAX, MOXKHO HAiTH B 0630~
pe Xayca [1]. B namux paborTax Ay4iiuM aHTHCENTHKOM OKa3aNach CMecCk
Merrnoporo »dupa napaokcubeH30fHOH KHcnoTH ¢ dopMans IeTHIEOM .

TpyACeMKOCTH NPOECCOB BOCITHTARUS HACEKOMBIX B MACCOBKX MAaCHTa-
Gax onpefieasercsa, B NepEY® 0YepPelb, 3ATPATAMY BPEeMEeHH HA CTEPHAM3ANHI
NOCYyAm M CAINKOB H, B 0COSeHHOCTH, Ha cMeHy KOPMa TPH BEHPARmHBIHHH Ha-
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TABIHLIA 2. COAEPXAHWE BE#IECTE {Mrp) HA 100 r C¥XOTI'Q
BECA .

TABLE 2. CONTENT OF VARIOUS SUBSTANCES {mg)per 100g
OF CANE AS PERCENTAGE OF DRY WEIGHT

BricylW eHABHA
Bemecrea Jenetbi TPOCTHREK rpOCTHAK
AckopOUHOBRA KMCTIOTA 117,975 35,893
Buramun E 16,95 14,41
CTepitHL 0,232 0,114
Substance Green cane Lried cane
Asgcorbic acid 117,975 35.853
Vitamin E 16.95 14,41
Sterals (solid alcohols) 0.232 0.114

CeRKOMBX. YNpomeHHe H ABTOMATH3AUNA 3THX NIPOUECCOR ABAAeTcH HaubGonee
HeoTAOXHOHR 3afavell B paspaloTke MeTOAGE MACCOBOTO DAlBEACHHA HACEKO-
MBIX.

B samux uccnedoBaHUAX AelaeTCA MONHTKA paspaforaTe Takoii Merog
BOCTIHTAHUA HACEKOMBHX, KOTODHIA 61 yCTparan HeoOXoOWMOCTE CMEHB KOP-
M3A B Te4YeHHEe BCETO NMEePHOAS DAR3BHTHR NO/JHOR TeHepauHw JaHHOTO BHIA.
DTo gocTHraeTcs NoMemMeHHeM MUEescdl cpeAbl B CTEPHIH30BAHHYK CTeKATH-
HYIC HAH NAACTMACCOBYK TMOCYLY, KOTOPA® GOCHE BHECEHWA B Hee AHL HAK
AHYHHOK HACEKOMOT'C, TepPMEeTHHECKH 3aKPMIBASTCA HE BECh MePHOJ AHYHHOU-
HOTO H Ky KONOHUHOT'O PASBUTHA ¥ KOHTPOAU3IYeTCH AHUL [IOCAe BRXOAA UMATOQ
HOBOT'O NOKOAEHHA. IIPM 9TOM yYHTHHRAETCH, YTO KOMUYECTBO NOMEMEHHOA B
nmocyay numepol cpefib JONXHO He TONBKO ofecrreduTs NMHMER NWUYKHKY B Te-
YeHHEe BCeTO MepHORA ee PAsBUTHA, HO M coXpaHuTs cyfcTpar, HeoOXOAWMEIRA
ARA NOCTPOAKH KONHGOENs KU I8 KYKoJkH. OIMNBT NOKA3al, 4TO AR HOPMAJb =
HOT'O pa’aBuTHA oaHoR ocobu Takoro pasMepa, kak Carpocapsa pomonella
uiar Chloridea armigera ACCTATOUHO TePMETHYECKH 3aKPHITOE TPOCTPRH-
crpo obsemom 0,030 — 0,040 muTpa.

Takas MeTOAUKA MACCOBOTC BOCMNHTAHHMA HACCKOMEX NpecilelyeT eme
H LBe EPYTHE UeaH: [IPeAGTPPATHTE THEeAs MHUHHOK BCASACTBHE KanHuGana-
Ma M paspHTHH NH3coTHH. KoHeuHO, MaccoBoe BOCNHTAHHMe MHOTHX cocoledl
B ofmeM NMOMemeHuH (canke WIM CTaKAHe) 3HAUHWTENbHO YMPOCTHAO B npo-
Lect BOCHMTAHWSA M YMEOHsIHJAO OB 3aTRPATH TpyAda npu 3TtoM. Ho B 3TOM
cAyJyae nNpeJoTEPATHTE KAHHUOANNIM H 3MM300THH BCIEACTEHE NOCTOIHHOTD
KOHTaKTa ocofefi NOYTH HEeBO3MOXKHO. IlosTOMY B KOHEYHOM HTOTE HIQIH-
pOBaHHOE BOCHHTEHHe ocobefl wAM BHPAMUBAKHE HX HebONpMUMU TDYTINAME
{2 =5 ocofeil) MOXeT HMeTh ONpeNeseHHAse NpeuMyltecTsa. MoxHo Haje-
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STECHA, 4TO AaNeHefmHe HUCCAeMOBAHHA B 3TOM HEIPaBleHdd NPUBEAYT K pas-—
paboTKe TAKWX MeTOJOER WHIAHBHAYANbhHOLO BOCIUTAHUA JHMUHOK, KOTOPHE

6y IyT SBARTECA aHaNcTUeH UeNHHBIX COT, T.€. TOH CHCTeMHl BOCOMTAHML,
KOTOpas CO3ARHA NPHPOIOH B peaydsTaTe MHOIQBEKOBOTC ECTECTRBEHHOTO
oTGopa. )

Eme ogduM nyreM ynpolleHns NPOHeccia MACCOBOTD pa3se JeHUs HAce-—
KOMBIX ABASETCS BOCOHTRHHE MX, B TEX CiAyyasX, KOIIa 3TO BOSMOXKHG, Ha
ceMEeHAX pACTeHHil, B YECTHOCTH Ha 3epHEe 3/IAKOB, T.&. HA @CTeCTBEHHBIX
NPOAyKTaX, MeHee NOABEDKEHHEIX SATHHBAHHI NDH EMHT@NLHOM XPaHeHHH .

B 3TOM OTHONIEHUH MOXHO COCAATECH HA ONLT ZFHTOMOJNIOTHYECKOTO HHCTH-
ryra Yexocnosauxoit Akazemun Hayk, TEe yCIemHO PA3BOARTCH B Macce
Ha cesmeHaX AunmM (Tilia) xaons Pvrrhocoris apterus ¥ Ha ceMeHax
xnonuyaruuka {Gossipium} — Disdercus intermedius, a Takxe neasft

pad ApyTHX BpelHBIX HACEKOMBIX.

JexoCnoBaUKUMY 3HTOMONMOTaMH NNOZTOTOBASHO K NEYATH PYKOBOACTRO
no MeTonaM AabopaTOpHOTO BOCTIMTAHMA HACEKOMEIX, KOTOPOe COOACPXHT
pelentH 0o KyisType T0 BHAOB Hacekomux [26]. Cnucok swgos, aabopa-
TOPHAA KYJbhTIYpa KOTOPHX OCYMECTBAACTCH B UeXoCnorakv, NPHEEAEH B
oT4yeTe DHTOMONOTHYECKOTO MHCTHTYTa 3a 1964 — 1965 rr [27].

AnanoruyneiM 06pasomM B peayls TATE MHOTOJIETHEX HCCAeA0BAHNHA
COBETCKUX, HDAHCKHMY ¥ dPAaHNy3CKUX 3HTCGMOJOTOE paspafoTal MeToxR
pocruTanusa yepenamky {Eurygasier integriceps) Ha 3epHe NeHHLB,
KGTOPHH MEPOKO NPHMEHAETCH LI PAIMHOXKEHHR HAPA3WUTOB AHL 3TOTOC
Buaa [28].

JADYTHM BaXHHMM BGIPOCOM MACCOBOTO Pa3sBecHHA HACEKOMEIX ABNAET-
csl paspaboTka nyTel NpecAoileHK:a Fuanayss y naboparTopHix nonmynsuxi,
qTC 0GeCNeyYHBaeT HEePEePhBHOCTL PAiBeeHHA .

Jro KacaeTcs BHAOB ¢ GaxynsTarHeHol guanaysol, TO Kak NOKa3aHO
HCCne AOBAHMAMH MHOTHX ABTODPOE, B 0CoGeHHOCTH mxonolt JaHuIe BCKOTOQ
[29, 30], BOSHHKHOEBeHHe KHATAy3H MOXET OMTH MPeAOTBPAMEHO Colepxa-
HHEeM HACEKOMMX B YCAOBHAX onpeiencHuorce ¢goronepuoia, T.€. IIPH onpe-
AeNeHHOH MIMHE CEETOBOTO JHA € YUETOM BIAHSHAT TeMDEPaTypHHX yCAOBHA.

¥ clleiiHoe pAa3pemeHye 3TOTO BONPOCA MOKHO NPocAeIUTE: Ha OpAMepe
naozoxkopru (Carpocapsa pomonella), aaa KOoTopoft MyTH DETYAKPOBAHNSA
OPANAY3H ASTANLHO HAYYEHEl B PE3YILTATE MHOTOYMCASHHEIX HCCAeNOBAHUA
doTonepuoaHIeCKOR peaklUl y 3TOTO BuiAAa aMepukaHckuMu [31-33], coser-
ckumu [29, 34, 35] u apcTpuifickuMmi [36, 37] uccreaoBaTenIMHE.

Menee pazpaboTaH BONPOC YCTPAHEHKA RHANAY3H IAK BHIOB, UMER MHX
7 CEOEM HUKIS DA3BRTHA OBJAUTATHYI BHANAY3Y, T.€. AT HACEKOMEIX C
MOHORONDL THHHHM NHKIOM. Ilpu Hanwwuu ofnurarnoll Avanaysm, o6suHo ang
YCKOPeHHA NPOXCKAEHHS ITOrO COCTOAHHA B PeAKTHEBALME AHANay3npybmen
cTaaMH, NOCTATOYHO GLIBAET BHIASPXAaTh €€ B TEUEHHEe OIpeleAeHHOTO Bpe-
MeHH B YCHOBHRX [OHHXReHHO# TemMnepaTypw. Tak, HaopuUMmep, HIA CHYYas
obnurarHol sMbpuonans Holt ananayse Locusia migratoria migrator
AOCTATOUHO GHBAET BHEEPXATH AANA 3TOH CADAHYM B TeHYeHMEe Mecaua NpH
TeMOepaType HHXe mopora ee paspuTes (16, 7°C}, nyume npu 4 —10°C [38,
30]. OaHake, H3BECTHH HEeMHOI'HE BMAH, Kak Hanpumep Bombix mori, ans
PEAKTHBALKHE ZHANAY3upyRMUX (a3 y XOTOpHX HeoOXOANME He HM3Kue, a
Ha0OO0POT BRHICOKHE TEMIEPATYRE.

BozMoxeH elle OZUH MMYTs: YCTpaHeHus ofMuUTaTHON AWANAY3IEl He XU3-
HEeHHGTO IHMKIA HACEKOMHX. JTOT NyTh NPAKTHYECKH HAMEUYEeH [IOKA ARIE
e IMHHYHEIMY HCCNe IORAHUAMM, HO TRODPETHYECKAd BO3MOXHGCTE €TI0 NOoKa~
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3aHa yxe HaBHO. (OH OCHOBAH HA UBMEHEHHW TeHETHYECKOH NPHPOXN BUIAA,
nyTeM CKpemupanus Ge3fHANAY3HHX ¥ AUANAYIHPYRHHUX PAC OJHOTO H TOTO
#e BMAa. Takue BO3ZMOXKHOCTH OYEPHIAHE fMHML IAs OTPAHHYESHHOTO YUCHAA

BUIOB, HMEDMUX JOCTATOYHO OOMHpPHEEe ApeallH.

TeopeTHYECKHE BOIMOKHOCTH MeTORa caMoHCcTpebaeHud HACEKOMEIX,
OCHOBAHHOTC HE H3MEHEHKH MX reHeTHUECKOR NpHpORN, SLIH MOKASAHE B
paSorax paga uccaeigosareneh [40 —42]. B nocaeaneit paore [42] Guau
YKa3aHh, B YACTHOCTH, BOSMOXHOCTH caMoucTpeBnenns, OCROBAHHEE HA
BBEJeHWH TeHOB Se3ZMANAY3HOCTH B NONYAMIUH BHACE, OOHYHO PAIBHBAK MHX-
CH B NpUpose ¢ IMANAY3OH; B pesylsTaTe 3uMyRmue (ass, Tepawmpe cro-
COSHOCTH HWalay3HPOBATH, BHIMHUPAKT NOX BO3ACHCTEHEM HU3KHX TeMmepa-
TYP BCACSACTBHE WX MeHbIell XONonoCTORKOCTH.

KOHKpETHEI® BO3MOXHOCTH TAKOTO NyTH CaMOHCTpebeHns HaCeKOMEX
TMOKA-YuTO BLIACHEH JHmML AN AByX BuioB Orthoptera: ceepuka Teleo-
gryllus commodus wu capaHun Locusta migratoria.

Teleogryllus commodus HHPOKC PACHPOCTPaHEH NO Bcell ABCTpaNMM,
Crneuna s HEME MCCAS IOBAHHAMY YyCTAHOBAEHO, YTO CepepHAad, KBHHCASHACKAS
pPAca 9TOTO BHAA, 0OHTARNMAN B8 TPONMWYECKHX YCNOBHAX, paspupaeTca Hen
awanayat. Hanporus, 0 xHag paca, o6rT210mMaz B yMepeHHHX paloHax
ApcTpanum, nMeeT sMOPHOHAABHYR guanay3y. OMNBTH CKpemMUBaHId 3 THX
pac NOKasadu, 4To Ge3AMaAlay3HOCT: ABAASTCA OOMEHAHTHHM NPHIHAKOM
[43, 44]. Ha ocuosauus srorc Xorad [45] npearoxun Ronui redeTHyeCcKul
MeToR Gops6bl C 3THM CBEPUYKOM B yMepeHHON 30He ABcTpanuM, OCHOBAHHHIM
HA [OAMeHBPAHHH K NPHPOIHOH nonynainuu ocobefl Gesnuanmaysnoff, Tponuyuec—
KOit pacu. JpyrdMy clOBAMR OH OpejUTORHUA CTIOCOD BBeneHHs HOBBIX TEHOB
B TY3&MHY® NOMyTAUHID, KAK MeTOH CHHXEHHA YMCASHHOCTY BPeIUTENT, B
MPHUHLNHINE CXOAHH ¢ METOROM BRHNYCKA CTepUALHBIX CaMIoB ('"Sterile male
technique'), romsko He TpeGylomuit ux ofayyenns win o6paborky XemocTe-
PUAAHTAMH,

Jpyroit npumep nogobuoro pola faeT capanya Locusta migratoria,
HMenmas OUeHb IIpoKuit apeasn Ha BceX koHTHHeHTax Crtaporo Ceeta. 3Ta
capaHua MMeeT Nenblik PAA NOABHIOE K PAC, PAIAMNAIMUXCH GHOROTHYECKH,
Ofutawmana B Tponnueckoil Adpuke Locusta migratoria migratorioides,
pas3puBaeTcs 6e3 sMEpUOHARLHOR EHANAY 3Bl i1 JAeT HeCKOALKO MeHepaunh
B roly. Pacnpocrpadednax p CCCP # B conpesensHeX cTpanax Locusta
migratoria migratoria, HanpoTus, HMeeT OBAUTATHYE AHANAY3Y, bnaro-
IApA YeMYy HMEeeT Jullb OjAHy DeHePaudl B ToXy. Ha Teppuropud PpaHuAn
OGHTADT TPH PAIHOBHIHOCTH, PA3NHUAKIMUXCA XapaKTepoM 2MOpuoHans HOR
nays3n. Bce a3To OTKpHEAeT GOALIIHE BO3MOMHOCTH HNA CKpeMYBaHU® pac
U aad paspaboTku nyTted caMoucTtpebreHua capaHun, AHANOTUYHEIX TeM,
KkoTopke nupeanoxun Xoran [45].

MIpopefeunkie HAMU OHBITE, & TAKKe Hccaenoeanns Jig Beppe [46] so
$paHud NOKA3aJW, 4TO BCE NOABUAM W packl L. migratoria serko CKpemu-
sawTCa MexAy cobol M 2TH pe3yieTATH AART OCHOBAHHE HANSATHCA HA yC-
MemKYy®w paspaboTKy 3TOT0 HOBOTO Merofda Gope6H C capanuoft B GauxaimeM
byaymen.

B mamux paforax OCHOBHOe BHHMaHUWe yAeaseTcd pas3paloTke MeTONOB
camoncTpebaeHNR ¥ TeXHUKM MAaCCOBOTO JaOopaTopHOTo pasBeAeHHAs TAKHX
BpeXHHIX HACeKOMEIX, Kak Carpocapsa pomonella, Eurygaster integriceps u
l.ocusta migratoria.
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DISCUSSION

Rachel GAT.UN: You say that phagostimulants are less important
than appropriate selection and proportions of the basic ingredienis in
the nutrient medium. House, however, emphasized in the course of an
Agency panel in 1966% the importance of phagostimulants fer monophagous
insects, I think the reason for this discrepancy is that the insects you
mention have nutritional componenis as stimulants — for example, ascorbic
aclid for locusts, cholesterol for the silkworm, and glucose and amino
acids for the corn borer,

I should alse like to point cut that further economy of mass rearing
can be obtained by using the medium on which the ingects were reared to
feed pigs or geese, as much of its nuiritive value iz retained.

E,M, SHUMAKOV: Thank you for your comments, The suggestion
of re-using the nutrient medium is an interesting one, As the paper
points out, the artificial medium is used not only as food, but alsc as an
environment for pupation, etc. Hence a considerable part of if is,
in fact, not really used, and its nuiritive qualities could indeed be put
to further use,

* Isotopes and Radiation in Parasitology (Panel Proceedings), [AEA, Vienna (1968} in the press,
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Abstract

THEQRETICAL AND PRACTICAL STUDIES ON A POSSIBLE GENETIC METHOD FOR TSETSE FLY
CONTROL, Chromosome translocations raay be useful in pest control because they are a common type
of mutation in a variety of olganisms and, frequently. the heterozygote is semi-sterile and the homo-
zygote fully fertite. I might be possible to induce such a translocation in a pest species, to breed from
s selected ancestral pair of translocation homozygotes a large number of the homozygotes and to release
these into a wild population. This would cause the production of heterozygotes in the wild population and
hence would reduce the fertility of the population. This rednction would persist for a number of generations.
Calculatiors, based on simplified assumptions, showed that this method of fertility reduction might be more
economical than the nse of sterilized males.

In the present paper a theoretical comparison is made of the translocation and sterilized-male
tnethods for the contol of tsetse flieg (Glossina sp,). A computer model hag been set up which simulates,
as far as possible, the known facts about birth, mating and death in a wild tsetse population, The predicted
effects of releases of sterilized males and of tramslocation homezygotes are described and the modifications
which would be caused by density-dependent mortality, migration and reduced viability of the translocation
genotypes and stesilized males are indicated, It is concluded that to eradicate a well 1solated wild pepulation
the numbers of translocation homozygotes required might well be considerahiy less than the number of
slerilized males required for the same task. However, immigration into the population would greatly
reduce the efficiency of the translocation methed,

The pregress 30 far in attempting ta produce a suitable tranglocation in Glossina austent is described.
Males have been Lreated with 5-7 krad of gamme rediation and 3 number of semi-sterile individuals have
been selected from among their progeny. The serni-sterility is inherited and, by analogy with the results
in other organists, it presumed to be due to translocation heterozygosity. The methods belng used to
aitempt to derive Lranslocation homozygotes from the semi-sterile lines are described.

1. INTRODUCTION

Chromosome translocations can readily be induced by radiation in
a wide variety of organisms. Translocation heterozygotes are frequently
found to be semi-sterile, whereas translocation homozygotes, provided
that they are viable, are generally found to be fully fertile. The
chromosomal basis of these properties is well known [1]. If a suitable
transtocation were induced in a pest species and if a male and a female
homozygous for the translocation were obtained, alarge number of the
homozygotes could, in principle, be derived from this pair. Release of
homozypgotes of both sexes into a wild population would lead to matings

233
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between translocation homozygotes (T/T) and wild type homozygotes

(+/ +) which would produce translocation heterozygotes (F/+) and hence

a reduction in the fertility of the wild population in the next generation,
As long as the translocation and normal chromosomes persisted in the
population, heterozygotes would continue io be produced in subsegquent
generations and the fertility of the population would be depressed. Natural
selection acts in a peculiar way in a population containing translocation
and normal chromosomes {2, 3). If the T/+ and T/T individuals are
assumed to have normal viability and mating competitiveness, whichever
of the two chromosome types is in the majority when the release pro-
gramme is finished will gradually increase in frequency until it reaches
fixation. There is a theoretical point at exact equalily of the frequencies
of the two chromosome types when they would both persist indefinitely in
the population, but this is an unstable eguilibrium. At this frequency the
reduction in population fertility is maximal.

Calculstions were presented in a previous paper |3] of the effects
on population size of releasing varicus numbers of translocation homo-
zygotes into a given population with the above simple assumptions ahout
viability and mating competitiveness as well as the following ones: (a) the
generations in the treated population do not overlap, (b) thereisa 1:1
sex ratio, (¢) no density-dependent factors operate, {d) the treated popu-
lation iz isolated from migration, and {e) all adult females are inseminated.
The results were compared with the calculated effects of releasing sterile
males into the population and it was concluded that on these assumptions
considerably fewer insects would have to be reared o obtain a given
effect with the translocation method than with the sterilized male method,
This advantage arises partly from the long continued effect of the trans-
locations and partly from the fact that the release of female translocation
homozygotes would contribuie usefully to population reduction, whereas
the release of sterilized females would not. :

We were interested in the possible application of the translocation
method to tsetse fly control, and it seemed important fo repeat these
theoretical comparisons with more realistic assumptions about tsetse
populations. A theoretical model of a tsetse population was previously
used to predict the effect of the sterilized male method on tsetse flies [4].
In the present study we also constructed a population model and the
release of either sterilized males or translocation homozygotes could
be simulated with a computer. The effects of removing some of the
other agsumptions listed above have also been tested.

In the last section of the paper, attempts to produce a suitable
transiocation in the tsetse species Glossina austeni are described.

2. THE MODEL

We assumed that the size of the population to be treated was very
large so that a deterministic model could be used.

As far as possible the model was based on data about itsetse flies
given in the standard text-book on the genus [5]), but, where the facts
were not definitely known, guesses have had {o be made,

A disgram of the population model before any releases are made is
shown in Fig.1l. Without treaiment we assumed that the population size
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stayed constant so the diagram represents both the history of a cohort
born at cne time or the composition of the whole population at any time.
In Fig.1 and throughout the rest of the paper, numbers of individuals
are expressed in units defined relative to the total initial female popu-
lation which consists of 100 units. The continuous process of hirth and
death in the population was approximated by a discrete model with a
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FiG.1. Model of a wild tsetse population.

time interval of 10 days, which we call the time unit. This period was
chosen because it is the average time between successive ovulations in
an adult female, and in the untreated population surviving females of
reproductive age are assumed to produce one pupa per time unit and the
gsex ratio of these is assumed to be 1 : 1. The pupal survival coefficient,
i.e. the proportion of pupae surviving at age n time units which survive
to n+1, was assumed constant and was chosen to give an overall survival
of £ from the time of deposition up to the time of eclosion. Up to age 19
time units the adult survival coefficient, i.e. the proportion of adults
of age n time units which survive fo age ntl, was assumed to be a constant
for each sex, The few survivors at age 19 time units were assumed to
die of old age. The male adult survival coefficient was chosen 1o con-
form with data on the later age groups of wild male G. morsitans [6].
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Becaise the size of the untreated population was required to stay constant
it was neceéssary 1o choose the precise value for the female adult gurvival
coefficient which satisfies this condition. The adult sex ratio generated
by the model is 1 male : 1.85 females, which conforms with the general
opinion that there is a considerable excess of females in a tsetse popu-
lation. Females were assumed to be inseminated, at the age indicated

in Fig.1, by a random sample of the surviving mature males and the
sperm received was assumed to be used for the rest of their repro-
ductive life.

The sterilized males and translocation homozygotes were assumed
to be released when aged 4 time units, and the releases were assumed
to be distributed evenly throughout the treated population.

The translocation karyotypes, sterilized males and wild types were
assumed to mate with each other at random and the sterilized sperm
and the various types of gamete produced by the translocation karyotypes
were assumed to have normal fertilizing capacity. The latter assumption
conformed with observations on radiation-sterilized tsetse sperm [7]
and translocations in Drosophila [8]. The assumed cutcomes of the
matings between the translocation and normal karyotypes are shown in
Table I.

We have assumed that the death of a zygote in a female, as a result
of the action of a translocation or sterilized sperm, does not affect the
time of her next ovulation or prolong her life, The former effect has
been detected [7, 9] but was relatively small angd the latter effect was
not detected in experiments on young flies [7].

The influence that three factors would have on the effectiveness of
the controel methods was investigated on the following simple assumptions
about their modes of operation:

TABLE 1. THE ASSUMED OUTCOME OF MATINGS BETWEEN
THE TRANSLOCATION KARYOTYPES AND THE WILD TYPE

Mating Progeny
/4 T+ /T Inviable
+r %X+ 1 9 0 ¢
T/+ % ++ % X 0 4
T/T % +/+ 4 1 1] Q
T/ x T/+ 1/18 3/16 1/16 11/i8
T/+ X T/T 0 1 i 3
T/TXT/T 0 0 1 1]
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{a) Viebility. The adult survival coefficients for sterilized males
or for T/+ or T/T individuals could be multiplied by a chosen factor
which we call the relative viability coefficient.

{b) Density dependent factors. The male and female adult survival
coefficients at time t were multiplied by:

1+d(1-N/N)

where N, is the population size at time t, N, is the size of the untreated
population, and d is called the 'density dependence coefficient' and may
be specified at will.

When d> 0 the population tends to return to N, after any temporary
disturbance. '

{c) l\iiigra\‘.ie:m.1 The tendency to migrate was assumed to be
independent of adult age. We defined the 'emigrant proportion' as the
proportion of adults of age n time units which emigrated from the popu-
lation before age n+1. This guantity was separately specifiable for
each sex. In the untreated population the immigration rate was made
to balance the chosen emigration rate. As the population was reduced,
the absgolute number of emigrants fell, but the mumber of immigrants,
since they were assumed to come from surrounding untreated populations,
remained constant. Migration therefore acted as a population stabilizing
influence. Emigrants were assumed to be a random sample of the aduli
flies in the treated population, but immigrants were assumed to be
fertile wild types only and, because females are known to be inseminated
early in adult life, female immigrants were all assumed to be insemi-
nated with fertile wild type sperm.

3. RESULTS OF THE COMPUTING

As a check on the correct performance of the computer model,
releases of equivalent numbers of sterilized maies to those used by
Simpson [4] were tried and similar results were obtained.

The release of sterilized males would cause a reduction in fertility
of the population until all females inseminated with sterilized sperm
were dead, but with the transloecation method the fertility reduction would
continue into later generations until the population had become homo-
zygous either for the normal chromoscmes or the translocation chromo-
somes. In some cases it was found that this process would take several
years after the last release of translocation homozygotes.

The simulated release of a given total of sterilized males or trans-
location homozygotes was found to have a greater effect the more frequent
the releases and the longer the total time over which releases were made.
It was decided in all the succeeding computer {rials to use 10 equal
releases made at intervals of four time units, which represented a release
programme extending over about one year.

Releases of approximately equal numbers of T/T males and females
were found to give almost the same long-term result as release of the
same total number of males only. It has been shown [10] that the output

1 'Migration” is used in the sense of diffusion and not orderly movement,
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of progeny for release from a captive colony of tsetse flies could consist
of young adult males and females in the ratio 0.54: 0. 46 without depleting
the breeding stock, and all releases of translocation homozygotes were
assumed to be made in this ratio.

The effort involved in collecting enough tsetse pupae from the wild
for use in a sterilized male reilease programme is very great [11], and
it seems that with modern rearing methods (10, 12] it would be more
economical to rear the necessary males in & captive colony. When com-
paring the translocation and sterilized male methods, comparison should
be made between the numbers of males of each type that are needed for
release, since this indicates the respective sizes of the captive colonies
that would have to be maintained and therefore gives a rough indication
of the relative cost of the two methods.
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FIG.2. Total numbers of units of sterilized males or translocation homozygotes released plotted against
the ultirnate size of the female pepulation.

Heleases of various numbers of sterilized males and translocation
homeozygotes were simulated, normal viabilities and no density dependence
or migration being assumed; the total numbers released are plotted in
Fig.2 against the female population size when it stabilized, which we
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call the ultimate numhber of fernales. The ultimate number of females
declined steadily with increase in the number of sterilized males released.
With the translocation method there is a very sharp optimum number

io be released because of the peculiar response of translocations to
natural selection which has already been described. With the assumptions
used, unless the optimum is exceeded the translocation method shows a
great advantage in efficiency over the sterilization method. The superiority
of the translocation metliod is seen ito depend critically on releasing the
coerrect number of homozygotes. It would be very laborious to estimate
the size of the population to be treated with sufficient accuracy so that

ihe numbers of flies to be released could be specified exactly in advance,
However, if suitable techniques were developed it might be possible to
estimate cytologically the frequency of the translocation chromosome

in the wild population as the release programme proceeded and to adjust
the numbers to be released so as to approach the optimum frequency

of 0.5,
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FIG. 3. The numbers of (a) sterilized males or (b} translocation homozypotes required to be released fo
achieve the target population reduefion plotted against values of the relative viability coefficient for
sterilized males or T/ and T/T individuals,

It is probable that the direct efiects of the release of sterilized
males or translocations are only required to reduce the population to
some very low density and that other factors, such as the inability of
the flies to find mates or the ecological effects of human occupation of
the land will then intervene to eradicate the surviving flies [5]. There-
fore, to study the effects of viability differences, density-dependent
factors and migration, we assumed that the target was to reduce the
population of females, as a direct result of the releases, to one unit.
For each set of parameters the number of flies required to reach this
target was estimated. For simplicity the effects of each of the three
factors, viabilily, density dependence and migration, were investigated
in the absence of the other two.
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Figure 3 shows the numbers of sterilized males or translocation
homozygotes that would be required fo be released at various values of
the relative viability coefficient (as defined above} of sterilized males
or the translocation karyotypes. The effect of any decrease in viability
can, in principle, be overcome by releasing a suificiently large number
of flies.

There is, in fact, evidence [13] that it is possible to sterilize tsetse
flies with Tepa without any loss of viability in eaptivity, but data on the
viability of such flies in the wild have not yet been published, In
Drosophilz, translocation homozygotes frequently show low viability
[14]; however, different translocations vary in this respect. Since
only a single translocation would be required to establish a captive colony
of homozygotes, it séems reasonably likely that one with suitable proper-
iies could be selected in Glossina.
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FIG. 4. The numbers of (a} sterilized males or (b} translocation homozygotes required to be releaszed to
achieve the target population reduction plotted against values of (1) the density dependence coefficient
and (2) the immigration rate.

The nurabers of flies required to reach the target population
reduction in the presence of various levels of the density dependence
coefficient are plotited in Fig.4. Any degree of density dependence could,
in principle, be overcome by the release of sufficient sterilized males.
However, if the coefficient exceeds about 0.075 the required population
reduction cannot be achieved by the translocation method, because at
higher levels of density dependence the increase in viability which oecurs
as the population density falls overcomes the maximum reduction in
fertility that can be obtained by the action of a translocation. Unfortu-
nately, little quantitative evidence exists on which to decide how strongly
density-dependent factors operate in wild tsetse populations [15]. How-
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ever, Hocking [16] reduced an isolated tsetse population to 1% of its
initial density with a non-residual insecticide, Human occupation of
the area did not occur. The tsetse population density remained at about
1% of that of a control (unsprayed) area over a six-year period, A
density dependence coefficient of 0.075 would have increased the popu~
lation from 1 unit to 99.74 units over this period; it appears that, at
least in some tsetse populations, density-dependent factors would not
be sirong enough to overcome the operation of the translocation method.
Figure 4 also shows the releases required to achieve the target
population reduction at varicusievelsof migration, The sarne number of
male and female migrants per time unit were assumed, implying a con-
siderably higher rate of male migration per head of the adult population.
This ratio was chosen to represent the apparently higher activity of
males in wild tsetse populations [5]. As already explained, migration
has a population stabilizing tendency so that, as with density-dependent
factors, there is a critical level of migration above which it is im-
possible to achieve the desired target with the translocation method.

There is no such critical level with sterilized males, but the numbers
required rise very sharply with the migration rate. Jackson [17] made
a quantitative study of migration for wild male G. morsitans and con-
cluded that about 1.5 units of males per time unit {using the terminology
of this paper) were permanent emigrants from a 16 square mile block
marked out in a much larger area of tsetse occupied land. It is clear
from Fig. 4 that it would be useless to treat with translocations such a
small area within a large tsetse fly 'belt!, since where the immigration
rate exceeds about 0.018 units of each sex per time unit, the translocation
method becomes ineffective. Tsetse are, however, disiributed in a
discontinuous way because of variations in the suitability of the
environment.

The rates of migration across unsuitable environments roust be very
much less than those found by Jackson. Artificial ¢learance of barriers
can certainly reduce migration to very low rates, since the population
referred to already [16], which was reduced to 1% of its initial density,
would have increased seven fold over the six year period if an immi-
gration rate of 0.018 units of both sexes/{ime unit had occurred. No
increase was, however, detected. This population only extended over
a emall area and we remain uncertain whether tsetse populations of
veterinary or medical importance exist which are sufficiently isolated,
or which could be made so economically, io aliow control by the trans-
location method to be successful.

4. ATTEMPT TQO PRODUCE A SUITABLE TRANSLOCATION
IN Glosgsina austeni

There are no genetic markers available in Glossina, and so the
method used to attempt to produce and select translocations was
essentially the same as that used for the same purpose in mice [18].

Adult male G. austeni were irradiated with 5-7 krad of %%Co gamma
radiation and mated immediately to unirradiated females. Thus paternal
chromosomes of the F} were irradiated while in mature spermatozoa.
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Dominant lethals were induced in about 80% of the irradiated sperm but
the remainder gave rise to F, individuals. The fertility of the F; males
was tested by mating each to normal females and recording their pupal
production for a standard time; cases of reduced fertility were then
selected. (lossina has the advantage for this work that females ovulate
one egg at regular intervals, and when the females are well fed and

have been mated t0 a normal male, the probability that the egg will

give rise to a pupa is high [7,12]). Cases where genetic abnormality
causes deaths of embryos are therefore fairly easily distinguishahble.
About 20 F; males with reduced fertility have been obtained, and although
in most cases the fertility is about one half of normal, in a few cases it
is very much less than this, About one half of the sons of these semi-
sterile males inherited the semi-sterility and by analogy with the results
in other organisms it seems likely that the semi-sterility is due o trans-
location heterozygosity. Cytological confirmation of this has not yet
been attempted.

The mates of one of the semi-sterile males and those of several of
its sons produced a large proportion of aborted larvae. It is suggested
that the aneuploid chromosome sets which this iransiocation produced was
not always lethal until late in embryonic development.

It was unexpectedly found that a large proportion of the daughters of
the semi-sterile males showed total sterility. A few females with partial
sterility were, however, obtained, and preliminary results suggest that
they transmit this character to their offspring in the manner expected of
a translocation heterozygote. If it is assumed that this is confirmed, the
procedure to attempt to produce translocation homozygotes will be to
inbreed the offspring of a semi-sterile female and to test the fertility of
each mating. One son of each fully fertile mating will be iest-mated to
wild type and if this produces all semi-sterile offspring, this would indi-
cate that a line homozygous for a translocation had been produced, and
the rearing of a colony of translocation homozygotes could then begin.
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APPENDIX

COMPUTING METHOD

It is sufficient to specify the changes taking place in the population
when the time advances by one tirne unit.

Translocation method

Let:~

stnt = the number of individuals of sex s {s = 1 for males,
s = 2 for females) of karyotype k (k =1, 2, 3 for +/+, T/+, T/T
respectively) of age n time unita at time t time units. No T/T flies are
released until t = 1.

ES
p = the pupal survival coefficient; p = 0,8735805 = (3} 2,
a

s the adult survival coefficient for sex s; a, = 0.6144,
' a, = 0.797073.
Xst = the number of T/T flies of sex s released at time ¢t.
fi‘k = the frequency of progeny of karyotype k from a mating of
] individuals of karyotype i and j {see TABLE 1},
Vi = the relative viability coefficient for karyotype k.
d = the density dependence coefficient.
m_ = the emigrant proportion for adults of sex s.
Ms = the number of immigrants of sex s.
Nt = the populaticr size at time t and is given by

3 19

2
No= 2 > 2 Dunt T M,
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When t=0 the adult mortality can be expressed by:

(1) Q 4¢ng 18

nt ,

sk,ntl, t+l ~ %s "k [1+d (I-NtINO)] {'l-ms) st

@ o, =0 n>19

and the pupal mortality can be expressed by:

(3) st,n+l,l:+l =P stnt, l<n <3

except when T/T individuals are released when:

Qsg,e+1 = P33 ¥ %o in1

To compute the numbers of new births we need to define Uient =
the expected proportion of the progeny of a female of karyotype j
of age n (4 < n < 19) at time t which have karyotype k. This quantity

depends on the frequencies of the types of male in the population when the
female mates and is given by:

3 19 ¢
i, Q. +£ .. M
p ik n§5 lint ljk 771

i

Yik4t
19 3
> .Z Qine * My
n=5 i=1

= 1
Yie,n#l,t+41 - Yiknt, 5«n<19

The new births of pupae are therefore:

> 5
Q = % Q.. u, k #1
sklt j=1 n=b 2jnt jknt,
3 19
_ 1
Q=¥ 2o e Vi T M

The above formulae were used repeatedly to study long term
changes in the population and an electronic computer was needed to handle
the calculations.

Sterilised male method

The above formulae can easily be modified to apply to the sterile
male method;

k is re-defined so that k = 1 for normal individuals and k = 2
for sterilised males. '

Y is defined as the number of sterilised males released at time
t {t >0).
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Equations (1) (2} and (3) hold without change except that k can
only take the value 1 in {3). Release of sterilised males gives:

Qaae = Y

If we define w . {4< n < 19) as the proportion of females ofage n
which have mated with a fertile male, then:

19 1
> Qe t M
n=>5 i
n =
> Q.. + M
T1 2T lint 1
un-i-l,t-!-l = unt’ B nasl9
and:
19
1
Qe z n¥6 Qi " M

DISCUSSION

R.C. VON BORSTEL: The system you suggest could be made
formally identical to the irradiation-of-male method, by releasing males
(but not females) with multiple translocations. Next time, males with
different sets of muiltiple translocations could be reieased; in each case
most of the daughters and sons would be heterozygous, and thus sterile.
After one iranslocation was made homozygous, this stock could be used
again to obtain more translocations, and gradually the desired lines
could be achieved. By using males from different stages of the developing
multiple translocation lines for the releases, the advantages of both the
lethal male and the translocation male systems could be obtained.

C.F. CURTIS: 'The release of flies from several stocks carrying
different multiple translocations would certainly be more efficient than
the system I have described, provided that viable multiple homozygotes
could be obtained. I agree that the best way to produce multiple trans-
location homozygotes would be o try to accumulate the translocations
in successive steps, but because of the long generation times in tzetse
this process would, of course, take a long time, I think it possible that
the stocks with fertility well below 50% that I mentioned may perhaps be
cases in which two or more translocations have arisen at once. Cyfo-
logical data and evidence as to whether these high sterile’ lines segregate
50% sterile offspring are not yet available.

V. LABEYRIE: Have you tested the validity of your working hypothesis
that mating is random? Are the irradiated males not at a disadvantage
compared with normal males, and does not this disadvantage depend on
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the ratio of various types present? If so, surely the minority males have
an advantage, as has been shown for D, melanogaster by Petit, and
confirmed in Dobzhansky's laboratary.

C.F. CURTIS: We have not tested, with the computer, the effects
of non-random mating. I would guess that an overall reduction of the
mating competitiveness of the translocation individuals would give much
the same result as a reduciion in viability of these individuals and, as
Fig.3 of the paper shows, this can be overcome by the release of more
homozygotes. The occurrence of assortative mating might be much
more harmiul, since if individuals tended to select flies of their own
type as mates, the proportion of heterozygotes, and hence the sterilizing
effect, would be reduced. There would be strong natural selection for
the evolution of such assortative mating in a population being attacked by
means of translocations, but recognition of the different chromosome
types by the insects might be difficult, because they are not expected
te differ morphologically.

D.T. NORTH: Have you considered examining your induced trans-
locations to determine whether any of them show a bias towards adjacent
segregation as opposed to alternate segregation? Multiple transiccations
are not only difficult to create, particularly when genetic markers are
not available, but are often difficult to maintain in a homozygous form.
It would appear to me that the search for segregation directed towards
adjacent segregation of the translocation heterozygote at meiosis would
not involve much additional work, and might have more practical value
than the manipulation and induction of multiple translocation stocks.

C.¥. CURTIS: 1 agree that single translocations with less than
50% fertility in the heterozygote would be extremely useful, but we
thought, when setting up our computer model, that it would be over-
oplimistic to assume the existence of such a mutation, If such z trans-
location could be obtained, it would, of course, help to overcome the
effects of any density-dependent factors or immigration that might occur
in the wild population it is desired to eradicate.

D.A.T. BALDRY: Although Hocking {Ref.[16] of your paper} has
reporied that a tsetse population can be reduced to a low level and can
remaln at that reduced level for 6 years, we know only too well, after
many unsuccessful attempts to control iseise by insecticide methods, that
residual populations rapidly increase in density. From my experience
I think it unlikely that human settlement and development of a tsetse fly
belt would eliminate the remaining 1 or 2% of a tsetse population that
had bheen reduced by active control methods, Such residual tsetse
populations are exiremely difficult to eliminate by any method,

I also have a question. Could you please describe your technique
for estimating the number of translocated tsetse flies, and the number
of experimental animais required to maintain them, that would be needed
to eliminate a tsetse population of a known density cccupying a fly-belt
of known gize? .

C.F. CURTIS: If density-dependent factors operate in one tsetse
population one would expect them to operate in all. If Hocking found
one population where they did not operate, I would be inclined to think,
in the absence of absolute certainty that the populations you refer to are
completely isolated, that the recoveries after insecticide attack may
have been due to immigration. I is rather difficult to believe that tsetes
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compete for food, and the evidence on predation suggests that they do
not form a substantial proportion of the foed of their predators {Ref.[15]
of the paper}. I agree, however, that on present data it is not possible
to exclude the possibility that density-dependent factors do operate in
tsetse at a low level.

I wonder whether the low-density residual populations, provided they
do not increase again, are of medical or veterinary importance in
trypanosome transmission. It might be found useful after a population
has been reduced to a low level by the translocation method to eradicate
the survivors by release of sterile males. Of course the numbers of
sterile males required would then be relatively low; with a low popu-
lation it would probably be difficult to assess the correct number of trans-
locations to be released, but in the case of sterile males it would not do
any harm to release an excess., [f we consider a fly-belt covering
1000 square miles with the populatien density found by Jackson 6},
there would be altogether 3.5 X 10% females, pupae and adults. On the
optimistic assumption of Fig. 3, this would require 6.3X 10 homozygotes
to be released for eradication. To produce this number in one year a
colony of 250000 adults [10] would have to be maintained. At the present
fiy feeding rates that we use this would require a colony of 4000 rabbits,
but about half this number or even less of goats might be adequate.
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Abstraet

IRRADIATION EFFECTS ON RESPIRATION AND BLOOD DIGESTION IN THE TICK Crnithodoros
tholozani AND THEIR IMPORT ANCE FOR THE STERILE-MALE TECHNIQUE. Soft ticks feed exclusively
on blood at very long intervals, ‘The ingestion of blood is accompanied by a manifold increase in oxygen
consumption. This increase in metabolc rate is not affected by frradiation np to 16000 R.  Irradiation
doses much lower than that required to produce 99% dominant lethals fn males reduce the rate of digestion
of blood taken by the tick. Tlms at 4600 R the 1ate of digestion in males is slowed down, while 16000 R
is required 10 produce 99% dominant lethals. In females, & dose of 4000 R is necessary o prevent odgenesis,
but the zate of digestion is stowed down even at 1000 R. This effect on digestion causes ticks which were
fed immediazely after irradiation to feed much lest frequently thereafter, males and nymphs exposed to
16000 R took a first hlood meal after irradiation and did not feed again before death. Adult males are
very little dependent on the blood meal for survival and successful mating, hence the irradiared males
can be useful in controlting tick populations. Furthermore, since they do not take a second blood meal,
they would not introduce any harmfu? effect into the environment,

1. INTRODUCTION

When developing a radiation sterilization method for the controel of
Ornithodoros tholozani {Laboulbéne and Mé&gnin) ticks, the authors found
that a dose of 16 000 R was necessary to produce 99% dominant lethals in
males. Female ticks, however, were much more sensitive to sterilization
by irradiation ~ after exposure to 4000 R no eggs were laid, while treat-
ment with 1000 R slowed down adgenesis considerably [1].

Irradiated ticks seemed to retain the blood meal that they had taken
after irradiation much longer thanuntreatedticks. Ticks require ablood meal
todevelopeggs. Therefore, the authorsinvestigated the possibility that the
higher sensitivity offemales was due to the inhibitory effect of irradiation
on blood digestion.

Since the inhibition of blood digestion can also be expected to affect
the viability of the ticks, the role of this phenomenon in the control of
ticks by the sterility method was studied.

2, MATERIALS AND METHODS

Ticks were reared according to a method described in a previous
publication [1]. Virgin ticks were obtained by keeping blood-fed nymphs
individually in vials and sexing them after their moult.

249
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The rate of blood digestion was studied in the fellowing manner. Ticks
were weighed, allowed to feed on rats and then weighed again immediately
after feeding, before there was any opportunity to excrete any coxal fluid.
After weighing, each tick was placed in a separate vial upon which the
amount of blood taken by the tick was recorded. At appropriate intervals
the ticks were.dissected, the gut content was washed into 5 ml distilled
water and the debris and digested insoluble fractions were removed by
centrifugation. The conceatration of the haemoglobin in the supernatant
was determined in a Beckmann spectrophotometer at 540 mum. Since the
amount of haemoglobin initially ingested by the tick was known, the per-
centage of digestion could be calculated. For each determination, three
ticks were used.

Measurement of oxygen uptake was carried out using a Warburg
constant volume respirometer, with cups of about 20-ml capacity. The
respirometer contained in the central well . 2 ml of 20% KOE solution
absorbed on filter paper, and 0.2 ml water in the side arm. Ten ticks
were placed in each cup and three groups were used for each determination.
Measurements were carried out at 22°, 26° and 30°C, Readings were
taken at 30-minute intervals for three consecutive hours. The measure-
ments were repeated daily for the first two weeks, and then at weekly
intervals.

For irradiation, a ®Co source of the type Gammacell 20¢ was used,
emitting 7000 R/min, For a dose of 1000 R, a 30-kCi®0Cop plate irradiator
was utilized. The ticks were held in plastic petri dishes during exposure
to the radiation.

Far histological studies, ticks were fixed in Carnoy's fixative for three
hours and cleaned in cedarwood oil overnight. Embedding in paraffin for
43 hours was necessary because of the large amount of blood inside the
gut. Ticks were secticned at 7 4m and stained in Giemsa.

3, RESULTS AND DISCUSSION

Adult ticks can survive for up to several years under conditions of
starvation. During this period they maintain very low metabolism. In
their natural habitat, the soil of caves, where the average temperature
is about 22°C, the female tick requires less than 1 mm? O3/h, which
is less than 0.1 mm® Os/mg live weight {Fig.1). No eggs are produced
by the female without a blood meal. When offered a rat, the female
takes an average of 70 mg blood within less than I h,

This large blood meal causes an initial instantaneeus increase in meta-
bolism, followed by a continuous increase which reaches a peak within
8 - 12 days. At the peak, the respiratory rate is about §-fold higher than
that in the state of starvation (Fig. 1).

These observations differ from those reported by Kozanchikov [2]
who found that Q. tholozani displays a reduced oxygen demand after a
blood meal, The respiratory pattern measured by the authors is very
similar to the pattern showed by nymphs of Dermacentor marginatus and
Ixodes ricinus, where an even greater increase in respiratory rate due
to feeding was observed [3]. A considerable increase in metabolic rate
after a blood meal was also observed in mosquitoes [4]. Belozerov claims
that it is impossible to explain this marked increase in metabolism solely
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FIG. 1. Oxygen consuniption by ticks

by the "dynamic effect of proteinous food'. He attributed it to intensive
growth and development of the integument, intestine, gonads and other
organs which accompanies the prolonged feeding of the ixodid nymphs [3],

This explanation is guite inapplicable in the present case where aduit
females were used, In these females the main change following feeding
is in the ovaries, Indeed, the peak of respiration corresponds nicely to
the peak of obgenesis {Fig. 2) and, therefore, one tends toc correlate the
two phenomena.

However, when respiration of irradiated females was measured, the
same increase in metabolism after feeding was ohserved {(Fig.3}). Even
a dose of 18-000 R, which causes complete degeneration of the ovaries,

did not affect the pattern and the rate of respiration,

It thus seemsthat blood ingestion does have quite a strong ‘'specific
dynamic effect'. If a non-nutritive solution consisting of 10-? M gluta.
thione in 0,15 M NaCl is offered to the ticks, they engorge it to the same
extent as blood_[E'] ; but this meal is not accompanied by any increase in
oxygen uptake. Whether the increase is due to the blood proteinsor to scme
other component remains unclear,

Further evidence that the increase in respiratory rate is independent
of any developimnental process can be found in considering the respiration
of the males. Oxygen uptake increases 2 -3 fold after a blood meal (Fig. 1),
although no considerable development of any organ follows the meal. The
increase is indeed much smaller than that found in fermales, but so is the
amount of blood taken: an average blocd meal of 11 mg as compared with
70 mg taken by the female.

In addition to triggering an increase in the metabolic rate, the ingestion
of the blood meal starts a very strong digestive process, In females, over
70% of the blood proteins are digested within one month, and after 2 months
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90% of the proteins have been utilized. At this stage, the rate of digestion
decreases so much that the remaining 10% of undigested food can maintain the tick
for months or years though at a very low metabolic rate,

This pattern of digestion seems to be quite wasteful. An adult tick
welghing 10 mg consumes within two weeks over 7 mg protein, most of
it being utilized as an energy source rather than for egg production.
This point is illustrated in virgin females which show scarcely any odgenesis
after a blood meal [6], but nevertheless digest over 50% of the blood pro-
teins within one month (Fig, 4).
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If the curves of digestion for mated and virgin ticks in Fig.4 are
compared, it can be seen that only about 20% of the blood proteins ingested
by the ticks is utilized for egg production,

Thus the rate of digestion is regulated only to a small extent by the
amount of proteins needed for the developing oocytes. A major part of
protein utilization not concerned with egg production is triggered by the
blood meal, a& can be seen from the increase in oxygen uptake and digestion
which oceurs in mated, virgin and irradiated ticks,

Further evidence for the role of the blood meal in triggering digestive
processes independently of protein requirementis is obtained from the
pattern of blood digestion by the males. Although their rate of digestion
is slower than that of the females, the males also utilize close to 70% of
the blood meal within two months (Fig. 5).

Nymphs digest about 40% of their blood meal until they moult. Digestion
continues at the initial rate for two months. During this period about 80%
of the blood proteins are utilized. Here also the nutritional requirements
of the body determine the rate of digestion onily to a small extent, Nymphs
exposed to 4000 R before the blood mealdonot moult [1], At this dose the
rate of digestion during the first month is almost equal to that of the non-
irradiated controls. Only in the second month does digestion slow down
in the irradiated nymphs, indicating possible damage to the gut epithelium,
After exposure to 16 000 R, digestion is slowed down in the nymphs from
the first days after feeding {Fig.6). At this dose survival is also consi-
derably affected,
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The effect of irradiation on the rate of blood digestion in females
was studied in more detail., It was found that, at a low dose of 1000 R,
there is considerable inhibition of the digestive rate (Fig. 4). At this dose
odgenesis is also silowed down. The average time required from feeding
to oviposition is 75 days as compared with 23 days in the non-irradiated
control ticks. It is difficult to distinguish whether odgenesis is retarded
by the slower digesiion rate or whether digestion is slowed down as a
result of a feed-back mechanism regulated by the rate of protein uptake
of the odcytes,

In irradiated mosquitoes a delay in blood digestion was observed,

The delay in this case was not due to a lack of proteolytic enzymes and
could be related to egg development [7]. At low irradiation doses ticks
also show some correlation between odgenesis and blood digestion.
Females treated with 4000 R, which prevents ofgenesis completely, digest
blood at the same rate as virgins (Fig. 4}.

Since the gut occupies most of the volume of the body, it is impossible
to shield the gonads and irradiate only the gut, as was done with bees[8],
or with the boll weevil [9]. Thus, a direct answer as to which of the two
is the more sensitive tissue cannoi be obtained, However, even if the
gut epithelium is affected, the amount of digestion that still takes place
after irradiation is quite high, Therefore, the primary reason for lack of
development of the gonads at 4000 R could not be lack of the protein
necessary for ofgenesis. The higher sensitivity of females to sterilization
by irradiation cannot be explained on this basis, At a dose of 8000 R
(not shown in the figure} and at 16 000 R the rate of digestion was lower in
the irradiated females than in unireated virgins — indicating here too
possible damage to the gut epithelium.

To investigate this hypothesis further, preliminary histological observa-
tions were carried out, in whichthe gut epithelium following a blood meal was
compared in mated ticks, virgins and ticks irradiated with 16 000 R,

When a female engorges blood the walls of the gut are strongly
siretched, The stretched epithelial cells resemble a thin membrane with
siight thickenings which contain the cell nuclei, After slow feeding the
digestive cells stari to enlarge. Three days afier the blood meal the
mated ticks show a few digestive cells reaching a diameter of 20pm. At
this stage the virgin and irradiated ticks retain most of the epithelial
cells in a resting state. The digestive cells continue to enlarge, so that
in mated females seven days after the blood meal, the cells reach a diameter
of 100 m, At this stage some of the cells bud off into the lumen of the
gut. The floating cells, which assume a round shape, contain haematin
particles, The haematin is the end product of the intracellular digestion
of ihe ingested haemoglobin. This process is delayed in virgins and in
irradiated ticks, whose digestive cells are only 30-40pm in diameter and
contain no haematin; they are all still attached to the gut wall. Only 14 days
after the meal does the digestive process of the virgins and irradiated
ticks reach the stage arrived at by the mated ones on the seventh day.

All the digestive cells of the mated females contain manhy haematin
granules 14 days after the blood meal. Many of the cells are already
detached and floaf in the lumen of the gut, This stage is altained in the
irradiated and virgin ticks only after 30 days.

The detached digestive cells are normally replaced by cells which
differentiate from reserve cells. The reserve cells are smaller than the



256 GALUN and WARBURG

digestive cells and their distal ends are usually covered by the growing
digestive cells, Mitosis of the reserve cells is rarely seen in adult ticks.
It is much more common in nymphs [10], the histolegy of which we have not
yet studied. Additional histological studies are planned to determine the
rate of replacement of digestive cells in irradiated ticks. It was found in
Blabera that irradiation destroys the regenerative cells of the mid-gut,
but does not damage the secretory cells which have already passed the
differentiation stage, and which continue to function normally after irra-
diation [11]. It seems that in the female tick the differentiated digestive
cells are also undamaged by irradiation. The slower rate of enlargement
of the cells may be dictated by lack of development of the ovaries, since
the same phenomenon was also observed in the virgins, It is suspected
that the additicnal delay in the rate of digestion in irradiated fernales,
‘which is seen several weeks after feeding, is due to damage caused to

the reserve cells replacing the digestive cells.

We have seen that, to utilize sterile ticks for control, a dose of
18 000 R is necessary to produce 99% dominant lethals in males. This
dose also destroys all the gonial cells, so that no recovery in fertility
takes place. However, it is of great importance that the treated males
maintain their vigour, longevity and sexual competitiveness. These
gseem to be affected to a certain extent by the irradiation [1], and this
phenomenon may perhaps be atiributed to the inhibition in digestion de-
monstrated in ihe males even after exposure to only 4000 R {Fig. 5).

In this respect the male O, tholozani behaves similarly to the male boll
weevil, where the irradiation dose producing a very high level of sterility
is about 4 -5 times that which produces damage to the gut epithelium[9],
Therefore, irradiated male boil weevils cannot be used for control pur-
poses, Fortunately, unlike the boll weevil, O. tholozani maies depend

fo a very small extent on a meal for survival and successful mating.

Thus, in spite of the inhibition in the rate of digestion, more than 50%

of irradjated male ticks survive for over 5- 6 months, during which

period they could be used for control purpeses. Though they are not fully
competitive, their effect on the extinction of the population is quite high[1] .

Irradiation did not affect the percentage of ticks engorging immediate-
ly after the exposure. This is quite different from the behaviour of the
Eemale tick Amblyomma which does not engorge after exposure to 5000 R

12].

Since blood is digested more siowly by the irradiated tick, a much
longer interval is required before a second blood meal is taken, Irradiated
-males which took a blood meal after treatment did not engorge again before
death; nor did nymphs exposed to 16 000 B, However, about 30% of the
irradiated females did take a second blood meal. Although this percen-
tage is low when compared with the corresponding value of about 90%
in the non-irradiated females, it is high enough to warrant separation of
males and females before releasing the sterile males. Separation of
the sexes is easy due to the big difference in size between male and female.
Because of their smaller size, nymphs will contaminate the fraction which
contains the males and will, therefore, be released together with them,
The fact that males and nymphs do not take a second blood meal after
irradiation makes their release inte natural populations possible without
adding any hazard i{o the environment. The only precaution required is
to provide a meal before release,
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DISCUSSION

V. NIGON: Your results on the effect of diet on respiration in ticks
are very similar to those obtained at Lyon University on metabolic changes
in insect larvae deprived of food. I refer to Fourche's work onDrosophila
melanogaster, and that by Fourche and Coulon on Bombyx mori., Recent
experiments confirm that this regulation of the respiratory metabolism is
dependent on a hormone mechanism,

W.J. KLOFT: When determining the respiration quotient, Dr. Galun,
did you measure CO; output as well as O consumption? I ask this because
of the continuous utilization of oxygen which is bound in large quantities to
the blood erythrocytes in the gut, even when venous blood is used. The
time for which the tick stores oxygen in its gut thus depends on the rate
of breakdown of the erythrocytes during blood digestion. This oxygen may
be absorbed by the body tissues or released through the gut, but in any
case it remains in the working vessels and wili influence your readings,

In Rhodnius prolixie, it seems possible to liberate all the oxygen from
the haemoglobin relatively soon after feeding, which leads to excessive
pressure in the vessels. Rhodnius has endosymbionts in the mid-gut
which are sensitive to high oxygen pressure, and the insect therefore
needs a blood deoxygenation mechanism. We are at present studying this
problem at the University of Bonn,

Rachel GALUN: We attributed the strange results of our respiration
quotient measurements to the fact that the COy is released in large bursts
rather than contimiously. We did not consider the possibiiity of Oy being
bound to the blood haemaglobin,

K.K. NAIR: If you expressed your data on oxygen consumption per
unit weight instead of per tick, would you find any difference between
male and female? If the same were done after a blood meal, would there
be any drop in O3 consumption or would it remain more or less at a
donstant level?

Rachel GALUN: Females are only 1.5 times heavier than males and
thue, per mg body weight, they take up more oxygen. After the blood meal,
the true weight of the adult female does not change; one should not con-
sider the blood stored in the gut as a part of the body weight,

H. MARCHART: Would you please specify in what way a second
blood meal of your irradiated ticks, after release of the ticks into natural
populations, would add any hazard to the environment?
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Rachel GALUN: Through the irritating effect of biting by large num-
bers of ticks on the one hand, and the possibility of transmitting relapsing
fever on the other.

P.A. LANGLEY: Is there no extra-cellular enzyme activity in the
gut of the tick?

Rachel GALUN: No.

T



NEW SITE FOR THE ERADICATION OF A
WHITE GRUB POPULATION

{Melolontha vulgaris Fabr. AND
Melolontha hippocastani Fabr.)

BY RELEASE OF IRRADIATED ADULTS

E. ITORBER
SWISS EXPERIMENT STATION FOR AGRICULTURE,
ZURICH-OERLIKON, SWITZERLAND

Abstract

NEW SITE FOR THE ERADICATION OF A WHITE GRUB POPULATION (Melolontha vulgaris Fabr,
AND Melolontha hippocastani Fabr,) BY RELEASE OF IRRADIATED ADULTS. The atea considered (about
1100 ha} is situated on the Swiss shore of Lake Constance and is infested with two cockchafer species
{Melolonthz vulgaris Fabr, and M. hippocastani Fabr.). The dynamics of the cockchafer population
were followed from 1955 to 1987. Estimates of the cockchafer population were obtained by: (1) soil
sampling for adults; (2) soil sampling for white grubs; {3) observation of flight activity and assessing
damage on prefermred food trees; (4) capture-recapture method with the aid of marked adults in spring
1387. Estimates were made several times with the isotopic dilution technique. Threughout the flight
period 1967 the occorrence of adults was observed along the border of the GiMttingerwald, Preferred food
trees were regularly inspected and changes of preference with season were noted. Crepuscular flight
activity of adults was watched at exposed comers of the woed. Changes in the flight direction during
the period of observation were related to sex ratios in samples taken the following morning and compared
with the developmental stage of the ovaries. Beetles were collected by shaking the host trees at dawn,
and weight and volume of the samples were registered, Four therapeutical X-ray units potentially utilizable
for irradiating beetles are available within 35 km, The nearest facility, 5 km away, was tested for its
daily capacity.

1. INTRODUCTION

In a previously reported field trial carried out in north-western
Switzerland {1958-1962) it was demonsirated [1, 2] that the sterile-male
technique can successfully eradicate a white grub population. BSince this
field trial arcused interest among farmers and applied entomologists, a
new site for the application of this technique was explored in north-
eastern Switzerland.

2. DESCRIPTION OF THE REGION

The region is situated in the Canton of Thurgau on the Swiss shore
of Lake Constance, some 8 km east of the town of Konstanz. The terrain
includes the northern slope of a range of hills with altitudes ranging from
398 to 495 m above sea level. This range is topped by an extended wood
called the Giittingerwald, Intensive general farming is practised in the
whole area, with fruit trees, grass, cereals, potatoes, sugar beeis, rape
and green vegetables cultivated on most of the arable surface. Three
predominantly rural villages, Altrau, Giiitingen and Kesswil, are located
between the Giittingerwald and Lake Constance {see Fig.1).

258
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FIG.1, Map of Switzerland showing the area explored for cockchafer (Melolontha sp.) eradication by the
release of Irradiated adulte.

3. DELIMITATION OF THE INFESTED AREA

The infested area within the described region was outlined according
to the method deseribed by Schneider [3]. On 17 May 1967, when maximal
defoliation of the oak trees appeared at the exposed borders of the woods,
the boundaries of the areas most attractive to cockchafers were determined
with the aid of an inclination meter, and these points were then fixed on a
map (scale 1: 25000). The lines connecting these points formed the
boundary around the infested area. This area measured 1128 ha including
two villages, Altnau and Gittingen.

4. SURVEY ON POPULATION DYNAMICS

The region considered was infested with two cockchafer species,
Melolontha vulgaris Fabr. and M. hippocastani Fabr. The flight period
within the test.area occurred simultaneously with that of the 'Uri cycle’
(flight in 1967), whereas in the adjacent neighbourhoods to the east and
west the flight occurred simultaneously with the 'Bernese cycle' (flight
in 1966). Population dynamics were studied in connection with & survey
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started in the central part of the Canton of Thurgau following an insecticide
campaign against this pest in 1949 near Sulgen. In 1952 the surroundings
of Altnau were included in this survey. From 1855 to 1967 this survey
was continued every three years in the surroundings of the three adjacent
villages of Altnau, Guttingen and Kesswil {see Tables I and II} and com-
pared with several areas of the central part of the Canton of Thurgau.

TABLE I. COCKCHAFER POPULATION DETERMINED
BY THE SAMPLING TECHNIQUE

Locality 1952 1958 1958 1961 1964 1967
Altnau 3.2 4,8 1.2 3.2 9.9 2.0
Glttingen - - 1.5 1.8 0.9 1.0

TABLE II. WHITE GRUB POPULATION DETERMINED
BY THE SAMPLING TECHNIQUE

Locality 1952 1955 1958 1361 1964 1967
Altnau 8.9 2.4 8,2 1.4 5.2 15.3
Glittingen - 6.6 5.8 1.8 1.3 9.5

5. SAMPLING TECHNIQUES

5.1. Soil sampling for adults

In autumn or spring before the flight started, the population density
was estimated by digging and searching through sampling units of 0. 25 m?
of surface area down to a depth of 20 - 40 ecm. From 4 to 11 plots of
grassland of about 0.4 to 0.6 ha were chosen in each area. In each plot
16 random 0.25-m? sampling units were averaged. The number and
sex of beetles were recorded separately for each plot.

5. 2. Soil sampling for white grubs

This procedure was repeated during late summer and autumn of the
flight year. The sampling units were dug in the same plots as in the
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previous surveys. For identification purposes the plots were numbered
on & sketeh-plan for each area and also on a 1: 25000 scale survey map
for the whole region. The counts of cockchafers and white grubs served
for the estimation of:

{a) the population density, sex ratio, and distribution of cockchafers
just before the flighi period;

{b) the population density and distribution of white grubs after the flight
period;

(¢) the rate of reproduction after the flight period, obtained by dividing
the number of white grubs counted in a given plot or area by the
number of cockchafers counted in the same plot or area before the
flight period;

(d) the mortality in the three years between successive white grub or
cockehafer counts,

5.3. Observation of flight activity

For the flight period during spring 1967, three points of observation
were chosen at an exposed angle on the west border of the Gattingerwald,
overlooking the surroundings of Alinau. Records were taken of meteoro-
logical conditions, of the number of flying beetles at 5-minute intervals
and of the direction of their flight to or from the wood. These obser-
vations were made every evening at one point only, beginning on 8 May,
one day after the first mass flight, until 24 May, when most of the
females had returned from the first oviposition flight (see Table III).

At the two other points observations were carried out irregularly.

5.4. Assessing damage on preferred food trees

At weekly intervals, beginning on 20 April, the borders of the
Glttingerwald as well as those of the neighbouring woods were inspected
for feeding by cockchafers. We inspected Quercus Robur L., Fagus
silvatica .., Acer campestre L., Juglans regia L., Prunus cerasus L.,
P. domestica L., and Populus tremula L. which are preferred by
cockchafers. On 21 June, when the last inspection tour was carried
out, the oak trees were partially, and at several points almost completely,
defoliated by Toririx viridana L.. The entire 13.2-km length of the
border of the woods was classified as shown in Table IV,

5.5. Capture-recapture of marked adults

To estimate the size of the cockchafer population and to follow its
dispersal, heelles were captured early in the morning from 9 to 13 May,
19 to 20 May and 23 to 24 May. A group of three men was equipped with
a ladder, a hooked rod, a 4X 4 m canvas and a series of wire cages and
shook the trees to collect the beetles on the canvas and confine them in
the cages. The captured beetles were transported to & cooling facility
at the local farmers' cooperative. Samples were taken from each lot to
determine the weight of the beetles, the sex ratic and the occurrence of
the two species of Melolontha. After the release and recapture of marked
beetles, individuals were inspected by a Raytech u.v. lamp Model LS-7
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TABLE IH. FLIGHT ACTIVITY AND SEX RATIO
OBSERVED NEAR ALTNAU IN SPRING 1967

.Date Flight directed towards: Sex ratio ) o
{in May) wood field mat e./female Observations on oviposition
8 2620 12 1.3
Y 2848 6 1.8
10 2431 27 -
11 1718 34 1.8
12 236 273 2.1 Oviposition starts
13 387 1820 -
14 266 1685 -
15 12 3 -
18 94 3 -
17 452 40 -
18 202 30 -
19 1769 1852 3.1 Fetnales retum to the woods
20 214 109 1.9
21 910 553 -
22 1084 350 2.0
23 - - -
24 504 100 - Increasing flight activity

during daytime
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TABLE 1V. CLASSIFICATION OF DAMAGE ALONG THE
BORDER OF THE WOQODS

Damage Degree of defoliation Length of the border
classified ax (k)
Severe. Oaks completely defoliated, exposed beeches have
1 m of branches defoliated 4.2
Medium Oaks 1/4 - 1/2 defoliated, exposed beeches have
1/2 - 1 m of branches defoliated 2.0
Slight Oaks defoliated only at the ends of exposed branches 1.0
Total length of inspected border 12.2

TABLE V. COCKCHAFERS CAPTURED IN A LIGHT TRAP

Date Cockchafers trapped:

operated Total Marked individuals
{in May) males females

18 - 84 24 1

18 44 322 388 2

22 71 25 102 -

24 10 65 T 1

Total: 131 496 627 4=0,84%

(Raytech Equipment Co., S8omers, Conn., USA)., Samples of 20 to 30
females were dissected to follow the development of ovaries and
aviposition,

5.4. Marking of bheetles with fluorescent dyes

The two dyes utilized for the bulk of the beetles were 'Nitrostella'
Red and Yellow (Stella SA, Chatelaine, Gentve). The red dye was based
on BASF 'Lumdcgen LT feuerrot’ and the yellow dye on BASF 'Lumogen
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LT hellgelb'. From 9 to 11 May and on 18 May a total of 15 kg (about
15 000 individuals} of red-marked beetles were released near the central
observation point. On 11 to 12 May and 17 to 18 May a total of 21 kg
(about 21 000 individuals) of yellow-marked beetles were released at
pt.501.

A smaller lot of 1937 individuals handpainted with a white-bluish
leather dye was released on 18 May near the third observation point,
where a light trap was operated.

%.7. Captures in a light trap

A light trap was operated near the observation point A. Two bed-
sheets were fastened 4 m in front of two 125-watt mercury vapour lamps.
Intercepted beetles were collected manually on both sides of the sheets
(see Table V) from 18 - 19 May and on 22 and 24 May.

6. POPULATION ESTIMATES WITH THE ISOTOPIC
DILUTION TECHNIQUE

At two observation points, the population was estimated by the
isotopic dilution method. At the central observation point A, where red-
marked beetles were released, the population density was higher than
at the peripheral point B, where yellow-marked beetles were released
{see Table VI). This estimate was compared with the daily flight obser-
vations and the damage assessment on preferred food trees.

The population estimate obtained by the isotopic dilution method for
two selected points was exirapolated for the whole length of the 13.2-km
border of the infested woods. This was done according to the degree of
observed defoliation and classified in section 5.4. The cockchafer popu-
lation within the delimited area was estimated o be between 5 1/2 to
25 1/2 million beetles (see Table VII).

6.1. Observation of flight behaviour

The fluctuation of the population estimates may be explained by the
flight behaviour. The first oviposition flights began on 12 May. During
the evenings of 17 to 19 May the direction of the main flight activity
reversed, indicating that ferales were returning from the first ovi-
position. After 24 May flight activity gradually shifted to dispersal
during daytime.

6. 2. Sex ratio

From 12 to 19 May the raiic of male/female increased o 3.1 and then
dropped to 1.9 {see Table III}. This trend was observed for all obser-
vation points and was correlated with the behaviour of females as they
returned to the population after oviposition.
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6.3. Ovarial development

On 13 May three-quarters of the females captured in the morning
and dissected had been ready to oviposit, On 23 May, 5% of the
femsales were ready for the second oviposition.

6.4. Distribution of the two species (M. vulgaris Fabr. and
M. hippocastani Fabr.)

M. hippocasgtani represented 3.3 to 13. 6% of the cockchafers
collected, and 1.5 to 4.2% at points A and B, respectively.

7. POPULATION ESTIMATES WITH THE SAMPLING TECHNIQUES
IN THE FIELD

In spring 1967, we found an average of 2 cockchafers ready to emerge
per m? at Altnau and 1 per m* at Giittingen (see Table 1}). Based on these
figures the estimated population would be 17.5 million beetles within
the delimited infested area of 1128 ha.

8. IRRADIATION OF BEETLES

Of four therapeutic X-ray units potentially available at different
hospitals within distances of between 5 to 35 km from the infested area,
the-nearest one at the Canton Hospital Munsterlingen was tested for its
capacity. Two 'Siemens Stabilivolt’ were operated at 163 and 158 kV,
6 mA and 2 mm Al filtration. They produced 94 and 86 R/min with a
distance of 30 cm between tube and subject. The radiation field was
15X 19 em. Two cardboard boxes of this size, each with a 6 cm layer

TABLE VIII. WEIGHT OF INDIVIDUAL COCKCHAFERS®
IN THE CANTON OF THURGAU

Flight Nu.mher Males Nu.mber Pernales
year weighed weighed
(= (2
1958 249 1, 0450 229 1,.1913
1961 90 1.0718 14 1,2418
1364 13 1.2124 17 1,3393
1967 49 1,1182 38 1.3379
{a)

Melotontha vulgaris Fabr, weighed before flight
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of cockchafers or about 4 litres of beetles, were exposed at a time fo
5000 R measured on top of the boxes. The choice of this dose was based
on laboratory tests {1955 - 1958) and a field experiment (1959 - 1965)
previously reported [1, 2] . Dose measurements taken on top, between
and below the boxes were 94.3, 56.0 and 39.0 R/min, To assure
homogeneous irradiation of the beetles, the position of the two boxes
was reversed at half exposure time, A total of B0 litres or about 21 000
beetles were irradiated and released after being marked with fluorescent
dyes as described in section 5.6.

9. HANDLING AND RELEASE OF BEETLES

The handling of cockechafers destined fo be irradiated and released
involved the following operations at various localities and times:

Operations Localities Time
Capture of Beetles Field Morning
Processing: Cooling Farmers' cooperative Morniné;
Determination of
weight and volume Field laboratory Morning
Sex ratio Field laboratory Morning
Ovarial development  Field laboratory Morning
Separation of species Field laboratory Morning
Marking Field laboratory Morning
Packing Field laboratory Morning
Irradiation Hospital Afternocon
Release Field Evening
Observation of flight activity Field Evening

Cockchafers are robust and can easily be handled without being
damaged. An individual weighs approximately 1 g, but weight varies
with locality, year and sex {see Table VIII}. The 1967 cockchafers
were of average size and weight. An average of 338 beetles per litre
was observed (range: 310 - 380) in cooled condition: the volume was
greater when the samples were warmed and agitated.

During transportation beetles were left at about 4°C. Dry vermiculite
or sawdust was filled into the boxes to absorb excessive moisture and
excretions. Surplus beetles were kepl in wire cages at the farmers'
cooperative fruit cellar with +1°C and 96% relative humidity.

10, CONCLUSIONS

In the region surveyed the cockchafer population consisted predomi-
nantly of Meiolontha vulgaris Fabr, Infestation was localized in an area
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of 1128 ha bounded by the 13.2 km border of the wood. During flight
these beetles aggregated on a streich of 6. 2 km of the horderline. The
main concentration occurred on a length of 4.2 km, where oaks were
completely defoliated in the first 10 days of flight.

The size of this population was estimated by two independent methods
1o be between 5 1/2 and 25 1/2 million and 17.5 million, respectively.
The nearest irradiation facility was in a hospital 5 km from the infested
area with two therapeutic X-ray units and had a daily output of 20 litres.
This installation proved inadequate to treat this amount of beetles within
one flight period. I would be necessary to provide a source with a
capacity of 2000 - 3000 litres/day near the site or to sub-divide the area
and {reat the different sections in consecutive flight periods.
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DISCUSSION

B. NAGY: Are there differences in the radiosensitivity of the two
cockchafer species (Melolontha vulgaris and M. hippocastani)? This
might present difficulties in the use of the sterile-male technique in the
case of a mixed population of the two species. Also, from the data you
obtained from light-traps, have you found any differences inlight sensitivity

(a} of young and old chafers respectively, i.e. during the first and
last part of the flight period, and

(b) beitween adults that have not yet fed and those that have?’

E. HORBER: We set up an experiment t0 determine the dose level
for sterilization of both species, but unfortunately this was not svecess-
ful because of the ability of the beetles i¢ detect X-rays. Some of the
beetles managed to leave the phantiom and to move out of the X-ray bheam
during exposure, and the remainder which received the planned dose was
too small to represent the whole species. As a preliminary resuit we
obtained 2 higher dose level for M. hippocastani. The results were
hard to interpret, because after a sharp drop in hatchability at 3000 R,
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a long tail of residual hatching at higher doses was observed; even at
12000 R some larvae hatched, but further development failed.

The captures in the light-trap were less than those expected on the
basis of previous trials. Females were more abundant, which was also
in contrast to previous experience. As these results are not representative,
1 cannot really answer the gquestion.

W.J. KLOFT: Your plan toe store adult cockchafers at low tempera-
ture from one flight season to the next seems very promising, and could
increase the efficiency of your method, which is at present unique in
that it uses only natural populations. Can you store the insects both
before and after feeding has started?

E. HORBER: No. It is easy to store cockchafers for more than
a year at +1°C and more than 90% relative humidity, provided that they
are still in diapause when collected, but they cannot be stored for more
than a few weeks under these conditions if feeding has started. We are
now trying to ascertain whether they c¢an be stored if collected during the
first flight after emergence, but before feeding.
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Abstract

EXPLORATORY STUDIES ON THE ERADICATION OF THE KOREAN PINE CATERPILLAR Dendrolimus
Spectabilis BUTLER BY MEANS OF RADIATION. Experiments to develop suitable artificial diets 1o rear the
larvae of the Korean pine caterpillar Dendrolimus spectabilis Butler were carried our in connection with
studies on eradicarion by the sterile-male technique, Several nutritient media were tested on larvae of
various instar stages, and one was found to be most successful, reazing 2nd instar larvae withour loss of body
weight. Mortality at 30 days after anificial feeding was less than one-third, This medium consisted of
sucrose, L-ascorbic acid, B-sitomerol, yeast hydrolysate, brewer's yeast, Butoben, choline chloride, residue
of pine leaves and sodium glutamate. The composition of the pine leaves as well as of the larvae was ana-
lysed 1o obtain information on the nutritional requirernent of the larvae, The larval metabolistm of carbo-
hydrate, sterol and protein was also studied. The radiosensitivity of the larvae of the 1s through 4th instar stages
is dose-dependent and radioresistance increases with instar age. Doses of 100 krad or less did not produce
mertality in the 4th instar, and could be used as the sterllizing dose for irradiation of older larvae or pupae,
The number of eggs laid by a normal female mated with males irradiated with a dose of berween 1.5 and
169 krad during the pupal stage did not change. The hatchability, however, was affected by irradiation of
15 krad or more where complete absence of hatching was observed., Wwith 5 krad or less hatchability was not
reduced from normal (55,5% while 10 krad resulted in partial reduction. The sexuzl competitiveness of
males irradiated with 15 and 25 krad was about one-half of the normal males and the hatchability of the eggs
was redunced by about 50% tw 37 and 31% respectively,. It was concluded that the use of the sterile-tnale
method in the eradication of the pine careypillar ig feasible if the method for mass rearing of the larvae is
successful, Work in this connection is in progress.

1. INTRODUCTION

The pine caterpillar Dendrolimus spectabilis Butler is a serious
destructive pest in Korean forests and the development of methods to
control it is a task of some urgency, since the pine is one of the most
important forestry products. The insect was first described by Butler
in 1877 [1], and many reports have been published since then, mainly
in Japanese and Korean scientific journals, on its entomological de-
scription [1 - 3], the damage it does to trees, its bionomical behaviour
[4-6] and possible means of extermination and prevention. Though

* Eyxperiments performed under TAEA Contracts No,277/RB, 277/R1/RB and 279/R2/RB during the
period 1985-19€67. Some of the results were presented at the Panel on Radiation, Radicisotopes and Rearing
Methods in the Control of Insect Pests, held in Tel-Aviv, Taael, 17-21 Ocrober 1966,
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many attempts have been made to control the insect, no really effective
long-term method has as yet been evolved.

Since the eradication of the screw-worm fly by the sterile-male
technique [7 - 11} on the island of Curagao, many workers around the
world have been applying this method to cther insects, e.g. the fruit
fly, the boll weevil, and the codling moth. This projeet is the first at-
tempt to use this procedure for coniroel of the pine caterpillar.

Basic knowledge of the pine moth indicated that it was feasible to
conirol the insect by means of gamma radiation. The pest has one host
and has short pupal {about 15 days) and adult stages. The latier stage
is about 8 days, so that any radiation effect on fertility is soon evident.
The egg period is 6 days and the larval stage is about 10 months. After
the ecological characteristics had been reviewed, especially those con-
cerning reproductive behaviour, the feasibility of applying the sterile-
male technique to eradication of the insect by gamma radiation was
examined. In view of the promising results of our previous experiments
on radiation effects on the pine moth [12], we decided to develop an arti-
ficial diet for mass rearing of the insect from the larval stage, which
could lead to successful application of the sterile-male technique. Due io
the complexity of the problem and no information pertinent fo artificial
rearing, we analysed the composition of pine leaves which form the
natural nutritional source of this insect. The radicsensitivity, the fertility
and the sexual competitiveness of irradiated males were also studied.

2. EXPERIMENTAL PROCEDURES

2.1. Life cycle of the pine moth

Before and during the experiments, data gathered on the life cycle and
behavioural aspects of the moth confirmed those published several decades
ago [3, 8].

2. 2. Radiosensitivity of young larvae

The larvae of 1st through 5th instars were collected {(August and
December} from the branches and bark (for hibernating 5th instars) of
pine trees, and the larvae of each instar were divided into equal lots, Ina
large room (25°C, 60% relative humidily), screened against direct sun
rays, each experimental lot consisting of 30 to 50 larvae was placed in a
eylindrical vinyl mesh cage (height 60 cm, diameter 20 cm). To simulate
the natural environment, fresh twigs of pine were continuously supplied in
the cage. After a few days of rearing by this semi-artificial method, the
larvae of each instar were again divided into nine experimenial groups for
irradiation, ranging from O(control) to 800 kR. The irradiation was given
by a 80Co panoramic irradiator (capacity 1000 Ci, dose rate 2500 R/min,
target distance 7 cm). The irradiated larvae were returned to the cage
and reared as before. Mortality was recorded daily until 10 days after
treatment.
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2.3. Fertility of adult males irradiated during the pupal stage

The larvae of Tth and 8th instars were collected from April to July and
reared as described. After the larvae became pupae, the males were
separated from the females. At 10 to 13 days of pupal age, the males
were divided into eleven experimental groups, each consisting of 40 to
80 pupae, for irradiation ranging from 0 to 100 kR. The irradiated male
pupae were caged as before until emergence, which took place a week to
ten days after treatment. Upon emergence, which occurred in late after-
noen, an individual male adult moth was placed in a smaller cage con-—
taining a virgin female adult moth. Copulation was observed and a few
days after the mating oviposition began. The eggs laid by the female on
the twigs of the pine were collected daily in pyrex test—tubes (15X2.5cm)
and counted. After the collection was completed, the mouths of the test—
tubes were covered by pieces of nylon net -cloth and stored in the room.
The per cent hatchability of the eggs in each experimental group was then
determined.

2.4, Feeding experiment with the artificial diet

Pine-caterpillar larvae in various instar stages were collected from
the local forest and divided randomly intc experimental and control groups.
During the experimental period, the larvae were housed in glass jars
{15 em in diameter, 14 cin high), or in vinyl net cages {20X20X20 cm)},
each of which contained one to twenty larvae, depending on the instar stage.
The mouths of the jars were covered with nylon net cioth. All the arti-
ficial diets were given in the form of pieces of thin film spread over par-
affin paper sheet to prevent the unnecessary evaporation of moisture from
the diet. In the course of the feeding test, growth, vitality and other
developments were observed. All the ingredients except L-ascorbic acid
and choline chlorides were mixed with pine leaf distillate, and homo-
genated in distilled water, then autoclaved at 15 lb/in? for 20 min to kill
the micro-organisms. The pH of the medium was adjusted to 3.1 with 20%
acetie acid if necessary. After the mixture had been allowed to cool to
about 50°C, L-ascorbic acid and choline chloride were added and mixed
thoroughly. During the feeding experiments, the media were not allowed
to dry. In further studies on rearing larvae of different instar stages,
various modified media were tested, in which protein hydrolysates from
various sources and bacterio— and fungi-static agents were supplemented
or omitted.

2.5. Sexual competitiveness of the irradiated male pine moth

Irradiated {sterile) males, normal males and normal females were
placed in a vinyl mesh cage (3 X3 X3 m) with ratios of 1:1:1 to 50:1:1,
The hatchability of the eggs produced by the female was recorded. In this
experiment, only two doses, 15 and 25 kR, were used.

To determine the amino acid requirement, the indireet method with
glucose-17-14C was employed [19], and the individual amino acid was
identified and determined quantitatively according to the method of Stein
and Moore [20].
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3. RESULTS AND DISCUSSION

3.1. Observations on the life eycle of the pine moth

The developmental stages and their durations are illustrated in Fig.1.
The findings on morphological development and reproductive behaviour
were in agreement with those from the comprehensive studies of previous
authors [3, 13]. Most of the life cycle of the moth was covered by the
larval {pine caterpillar) period, which, in turn, wasg divided into eight
instar stages. About 200 days of the larval period, however, were spent
in hibernation during winter months. The short life span of the adult
moths of both sexes and the essentially monogamous nature of the female
were both advantageous and disadvantageous. One of the disadvantages
was that the average adull life span of 6 - 8 days made the repetition of
an experiment, especially the fertility test, exiremely difficult. The
weather conditions during the experiment were also an unpredictable
factor.

Month 1 2 3 4 5 6 7 8 9 10 11 12

1st yr. LE T

Zndyr. -- -~ -- a0 a- o

sk Hek

FIG.1. Life cycle of Korean pine caterpillar Dendrolimus spectabilis Butler,

% Adult (life span av, 7 days; copulation soon after emergence)

. Egg (hatching in 10 days)

-- Larva (about 320 days)

1st {nstar: av, 10 days; 2nd instar: av. 18 days; 8rd instar: av.15 days; 4€h instar: av. 25 days;

5th instar; av, 160 days (hibernation): 6th instar: av, 16 days; 7th instac; av, 23 days; 8th instar: av.
34 days (End of the lasval period identifiable by change of body.colour from blue-red to biack-brown,
body length; male av. 7.8 cin, female av. 9.5 cm). Pupa (20 days), male smaller than female,

3. 2. Radiosensitivity of younger larvae

Radiosensitivity in terms of mortality at 5 and 10 days after the ir-
radiation of larvae is shown in Figs 2 and 3, respectively.

1n each of the experimental instars {1st through 5th), mortality was
dose-dependent and radioresistance increased with larval age. The dif-
ference in mortality between the most resistant {1st instar) and the least
resistant {5th instar} larvae was considerable. At 5 days after irradi-
ation (Fig.2), for instance, a dose of 50 kR, which resulted in about 20%
mortality in the lst instar, produced no effect in the 5th imstar. A mor-
tality of 100% was observed at 175 kR in the lst instar, but this dose did
not influence the 5th instar. At 250 kR mortality of the 4th and 5th instars
began to appear. An intermediate result was noted with both 2nd and 3rd
instars, although the former always had higher mortality. Up to about
125 kR, these two irradiated instars showed slight differences in mortality,
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FIG. 2, Mortality of various instar stages of irradiated pine caterpillar larvae at 5 days post-irradiation
o——o0 * 1st instar; e———a: 2od ingfar; %—: 30d fnstar; e—o: 4th instar; e——a: 5th instar.

Martallty (%)

Dose (kR}

FIG.8, Mortality of various instar stages of {rradiated pine caterpiliar larvae at various Instar stages at
1% days post-irradiation; symbols are the same as in Fig. 2.

but above this dos¢ mortality became greater and rapid: 90% in the 2nd
instar at 200 kR, while the 3rd instar remained at less than 40%. In the
1st instar, with 250 kR, 100% mortality was obtained within 24 hours after
the treatment. A loss of vitality usually preceded the death of the larva,
In the later instar stages, the larvae were more radioresistant. A dose
of 300 kF,, which resulted in about 95% mortality within 5 days in the 3rd
instar, produced no effect in the 5th instar (hibernating) larvae. How-
ever, with a dose of 400 kR remarkable increases in mortality of larvae
were observed.

At 10 days post-irradiation, although the individual values of mortality
naturally were higher than those at 5 days after treatment, essentially
similar patterns of mortality were observed (Fig.3). No result was avail-
able for the 1st instar because of high mortality before 10 days post—
treatment. The mortality of the 2nd instar was higher than that of the 3rd
instar at every dose applied, but the difference between them at higher
doses was not so greati, indicating a higher death rate of the latter between
6 and 10 days after the treatment.

When a comparison was made between the data of 5 days and 10 days
post~irradiation, at doses less than 200 kR the mortality in the former was
always approXimately one-half that in the latter. This indicated that the
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TABLE I. FERTILITY OF ADULT PINE-CATERPILLAR MALES
GAMMA IRRADIATED DURING PUPAL STAGE

Dose (k) Number of pairs Average number of Hatchability
(RM x NF)@) eggs per female )

o B0 312 55.8

1.5 78 430 54.4

2.5 74 313 55.1

3 i 297 73.0

5 60 286 54.8

10 58 309 19.8
15 46 287 ]
25 51 398 0
L] Th 318 a
(] 59 338 0
100 38 287 ]

(8} NM: normal male, RM: irradiated male, NF; normal female

rate of larval death after irradiation was even and gradual during the first
10 days after treatment.

In view of the results presented here, it appears that the radiosensi-
tivity of the hibernating larvae of pine caterpillars decreases as develop-
ment progresses from the earlier instar stage o the later. For various
species of insects, many investigators reported that young larvae were
more radiosensitive than old larvae [14 - 15].

From the practical point of view, the prospect of using irradiated
larvae in the fertility test was not an attractive one. Since doses of about
100 kR or less were not lethal for the 4th and 5th instar, 100 kR would be
the maximum sterilizing dose applicable in the irradiation of pupae tc pro-
duce irradiated adult male moths. The irradiation of eggs and larvae to
produce sexuszlly sterile moths was attempted, but many aunthors reported
various undesirable side effects which made the oval or larval irradiation
impractical [14, 16]. Doses ranging from 2.5 to 10 kR were applied to the
larvae of the codling moth, the mallow mothand the cuiworm moth.

3.3. Fertility of the irradiated male pupae

The average number of eggs laid by a normal female maied with a
normal male was 312, as previously published [13]. In each group of ir-
radiated males mated with normal females, regardless of dose between
1.5 and 100 kR, the average numbers of eggs produced by the female were
not markedly different from normal (Table I}). During the course of ob-
servations, no noticeable adverse effects were observed on the longevity
of pupa or adult, on the copulatory and ovipositicnal behaviour in either
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male and female, or on the vitality. The hatchability of the eggs in these
irradiated groups showed a clear irradiation effect. The normal hatch-
ability was 55.8% and, with doses of 5 kR or less, no reduction was obh-
served. At doses between 15 and 100 kR, however, complete sterility of
the male was noted in every irradiated group. The 10-kR irradiated group
ghowed a significant reduction of hatchability (19, 8%). At 3 kR, the 17%
inerease of hatchability without change in egg productivity was considered
a stimulatory effect. Such an effect was found in the rate of emergence in
the granary weevil [17].

The results suggested that the timing (later half of the pupal stage) of
irradiation in this experiment to obtain sterile male moths was suitable
because no serious side effect was noticed. Irradiation of pupae that were
about 5 days old was not successful. The latest pupal stage was recom-
mended as an effective irradiation time and applied to the bollworm [18].
Doses between 15 and 100 kR on the pupae in this experiment seemed ade-
quate as sterilizing doses. Comparable effects were observed in the pink
bollworm, the codling moth, the cutworm moth and the Colorado beetle
with doses of 55, 40, 9-11, and 8- 10 kR, respectively, [16, 18].

3.4. Sexual competitiveness of irradiated males

In this experiment, the hatchability of the eggs produced by normal
males and normal females (1:1) was 48.24% (cf. values of 54.30% in
1966 and of 55.80% in 1965) which was not different from the previous ex-
periment. When the ratio of aormal males to normal females was in-
creased to 2:1, about 10% reduction in hatchability was noted. This prob-
ably was caused by the harassment of the female by the males [9], which
was undetected during observation.

When males irradiated with 15 kR were placed with normal males and
females with the ratio 1:1:1, hatchability was 38.06% (the previous year's
value was 37.5% with the same ratio) which is less than the normal value
of 48.3%, Similarly, males irradiated with 25 kR with the same ratio
further reduced hatchability to 36, 3% (the previous year's value was 31.9%)
{Table II}.

Since theoretical hatchahbility for equal competitiveness of irradiated
males to normal ones was 23.8%, the degree of reduction in hatchability of
irradiated males in this experiment indicated thai the sexual competitive-
ness of irradiated males was about half of normal. This finding agreed
with many published data on various flies and on the pink bollmoth [18].

Thus, sterile males confined with normal males and femalee at various
ratios {1:1:1 to 1:50:1) caused a reduction in the number of progeny.
{This refers to the ratio of non-irradiated males to irradiated males to
non-irradiated virgin females used in competitive mating tests.)

If one assumed an equal sex ratio in natural populations, males treated
with 15 kR would be fully competitive when released in ratios of 1: 30:1.
In a mating competitiveness study on the horn fly, it was reported that ef-
fective sterility was obtained when the ratio of sterilized males to wild
males was of the order of 20:1 [21].
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3.5. Rearing larvae on artificial media

3.5.1. Initial attempts to feed the larvae

To simulate the natural diet, fresh pine leaves were crushed and the
residue was lyophilized after removal of the fat soluble fractions. The
final diet was made by mixing this lyophilized fraction with leaf materials
obtained by steam distillation (Medium 1}. This medium was not success—
ful; no larvae of the 3rd through 6th instar stages approached it. Next, a
modification of an artificial diet for the silkworm [22] was used as a basal
diet. To make the complete medium, vitamin and mineral mixtures and
pulverized pine leaves were added to this basal diet. Although this was
approached by the larvae of the 5th instar at the beginning, after about
5 days they stopped feeding.

It was found that the ascorbic acid content of the fresh pine leaves
was relatively high, 0.4 mg/g of fresh leaf. In the third trial, the vitamin
and mineral mixtures of Medium 2 were replaced by 40 mg of ascorbie
acid. Although this was not successful for feeding 1st and 2nd instar
larvae, a partial success was brought about with the 7th and 8th instars.
Larvae which fed on Medinm 3 weighed less than the conirol; nevertheless,
about 40% of them pupated and formed cocoons. The onset of the pupal
stage in the experimental larvae seemed slightly earlier and the cocoon
was thinner and coarser than the control. These pupae died early. One
reason for the difference in response to Medium 3 between the earliest and
the latest stage larvae appeared, among other things, to be the inability of
the young larvae to digest the casein. It was also felt that it might be use-
ful to use casein hydrolysate instead of casein itself as the protein source.
Other reports indicated that the ascorbic acid was a necessary nutritional
requirement in the growth of insects [23]. The biting and swallowing
actions of silkworm larvae were partly dependent on the agar contained in
fresh mulberry leaves.

3.5.2, Studies on the composition of pine leaves and larvae

In view of the results of the foregoing initial experiments, the develop—
ment of a suitable medium seemed to require extensive information on the
composition of both pine leaves and larvae to understand the nutritional re-
quirements of the larvae. The following experimenis were carried out for
this purpose: Pine leaves were taken from Pinus densiflora S et Z. The
analytical methods of carbohydrates, lipids, protein and other substances
are listed in Table IIl, and special procedures pertinent to the treatment
of the pine leaves are also summarized.

3.5.3. The second feeding experiment with different media

From results of the foregoing experiment, and also from knowledge of
artificial diets for a rice insect [24], the leopard math [25] and the olive
fly [26], a modified medium was produced as Medium 4. The results with
this medium were not successful with the first instars. Many com—
binations of various amounts of the ingredient did not improve the resuit.
Medium 7, in which distillate and homogenate of pine leaf residue and
sodinm glutamate were added (Table III}, was only successful in rearing
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TABLE III. COMPOSITION OF NUTRIENT MEDIUM FOR
Dendrolimus spectabilis LARVAE

Ingredients Mediam No. 7 Medium No.8
Sucrose 1.0¢g 1.0g
L-ascombic acid 400.0 mg 400,.0 mg
Yeast hydrolysate

enzymatic (2) 1.0g 1.0g
Beta-sitosterol 2.0 mg 2,0 mg
Brewer's yeast, U.5.P. ®) 2.0g g.0¢g
Potassium sorbate () 26.0 mg 26.0 mg
Choline chlotide 2.0 mg 2.0 mg
Pine leaf distillate 15.0 ml i 15,0 ml
Pine leaf regidue 2.0¢g 2.0 ml
Sodium glutamate {d) 20,0 mg 80.0 mg
Nipagin (&) 3 mg
Nipasol () 30 mg

Note: The pH of the medium was adjusted 1o 3.1 by the addition of acetic acid.

(3} National Biochemical Corporation, Cleveland, Chio,

(b} National Biochemical Corporation, Cleveland, Ohio,

(¢) Hoechst, Leverkusen, Federal Republic of Germasny.

(d) $igma Chemical Co., St, Louis, Mo, .

(&) Methyl p-hydroxybenzoate, MerckCo., Darmstadt, Federal Republic of Germany,
(D) Propyl p-hydeoxybenzoate, Mexck Co,, Darmstadt, Federal Republic of Germany.

the 2nd instar larvae by causing a gain in body weight closer to that of the
pine leaf fed control and modifying the mortality of the experimental
larvae. The appetite of larvae on this diet seemed encouraging, because
they not only ingested the diet itself but also the paraffin sheet on which the
diet was spread.

The partial success of the glutamate in the medium was not immedi-
ately evident. Glutamie acid, although not essential for most insects,
oceupies a central role in amino acid metabolism. This amino acid is re~
quired as a phagostimulant by the pine caterpillar.

As regards the protein sources, the commercially available protein
hydrolysates, i.e. bacto-peptone, yeast enzymatic hydrolysate, soy
enzymatic hydrolysate and amino acid mixture {16 erystallire amino acids)
were supplemented in the present studies. The results showed that the
casein was not a preferable protein for the larvae. Among the above
protein enzymatic hydrolysates, yeast enzymatic hydrolysate was the most
preferable protein hydrolysate under aseptic conditions {8 ~10].

Our recent experiments with glucose-U-1¢C to determine the amino
acid requirement revealed ten essential amino acids, i.e. tryptophan,
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TABLE 1V. DISTRIBUTION OF ¥ ¢ IN FREE AMINO ACIDS OF
THE PINE CATERPILLAR FOLLOWING INJECTION OF
GLUCOSE-U-4C

Amino acids Counts/min
Threonine 1036
Asparagine 245
Tavrine 197
Glycine 183
Gintamic acid 138
Iso-leuncine 103,6
Hydroxyproline g
Serine 69,3
Alanine 14.8
Tyrosine 12.5
Proline 11.9
Arginine 10.3
Leucine ig
Cystine 7.2
Valine 5.3
Histidine 1.6
Methionine 2.6
Phenylalanine 0
Lysine 0
Tryprophan 0

lysine, phenylalanine, methionine, histidine, valine, leucine, arginine,
proline and tyrosine. Alanine and cystine were also considered essential
{Table IV).

Among the carbohydrates, sucrose could be the most suitable one for
the larvae of the pine caterpillar. It was recently demonstrated in our
laboratory that sucrose and maltose metabolizing enzymes were present
in the larval gut.

As described in a2 previous progress report (supplement to the pro-
gress report, Contract No.227/R1/RB, 1966), among the experiments
conducted last year, we succeeded in rearing larvae with a synthetic diet
called Medium 7. In the present feeding experiment, the larval medium
(Medium 8} was modified by increasing glutamate and supplementing
fungicides, i.e., Nipagin and Nipasol (Table III).

The larva-rearing experiments with Medium 8 were successful in
modifying mortality as well as body weight of the larvae (Fig.4). Different
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FIG. 4. Time course changes in the survival number and body weight of pine caterpillar larvae under
various experimental conditions. A-1: fed on fresh leaves; A-2; fed on medium 8; A-3: fed on medinm 8
(- yeast hydrolysate + amino acid mixture): A-4: fed on medium & {~ yeast hydrolysate + soy hydroiysate):
A-5; fed on medium 8 { + yeast hydrolysate + blended camoty; A-6: fed on water only; B-1: hody weight
curve, fed on fresh leaves; B-Z: fed on medium 8.

g
14
g
ra
g
24 =
- =
& E
2 =
¥ k3
1} g s
= E
=
=
1
o o

0 10
Longevity {Days)

FIG. 5, Time course changes in the survival number and body weight of 2md instar pine caterpillar larvae
under various experimental conditions; syrbols are the same as in Fig. 4.

combinations of formulae, changing the properties of each ingredient,
were tested. Rearing experiments with Medium 8 on the larvae of 2nd and
3drd instar stages gave good resuits. The larvae gained body weight and
modified the mortality (Fig.5). The feeding experiment is continuing.

4. SUMMARY AND CONCLUSION

The radiosensitivity of the larvae of the Korean pine caterpillar
D. spectabilis Butler, lst through 5th instar stages, was dose-dependent,
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and radioresistance increased with age. A dose of 100 kR or less did not
produce mortality in {he 5th instar and these doses could be used as the
sterilizing dose in the eradication programmes.

Fertility and sexual competitiveness of the irradiated males were
determined. Male pupae irradiated with 15 kR would be fully competitive
when released in a ratio of 1:30:1.

Experiments were carried out to develop anartificial medium to rear
larvae of the Korean pine caterpillar in connection with eradication by the
sterile-male technique. Several media were tested with Iarvae of various
instar stages. These media consisted of sucrose, L-ascorbic acid, yeast
hydrolysate, beta-sitosterol, brewer's yeast, potassium sorbate, cheline
chloride, leaf distillate and residue and sodium glutamate.

Nutritionally essential and non-essential amino acids for the larvae
were determined by the indirect method with glucose-U-14C.

REFERENCES

f7] BUTLER, A.G., Aun, Mag. nat. Him. 20 (1897} 481,

[2] UCHIDA, T.}., Fac. Agr. Hokkaido EImp. Univ. 25 (1936G) 254,

[3] KAMIYA, K., Studies on the Morphology, Biomomics and Hymenopterous Partasites of the Pine-Carerpillar
(Dendrolimus specrabilis BUTLER), Monograph publ, by Gov, of Korea (1934),

[4] EZAKI, T.. Fap. Forest Bull, 16 (1922} 480,

[6] NAGANO. K., World of Entemol. 20 (1816} 480,

[6] SAiTO, K.f., Forest. Soc, 13 (1933) 912.

[7] BUSHLAND, R.C., HOPKINS, D.E., !. econ. Ent. 44 (1951} 725.

[8] BUSHLAND, R.C,, HOPKINS, D.E., j. econ, Ent. E (1853} 643,

[9] BAUMHOVER, A.H., GRAHAM, A.J., HOPKINS, D.E,, DUDLEY, F.H., NEW, W.D., BUSHLAND, R.C.,

J. econ, Ent. 48 (1855) 499.

[10] KNIPLING, E. F.. I. econ. Ent. 48 (1955) 459,

[11] MNDQUIST, A.W., J. econ. Ent. 48 (1955) 467.

[12] LEE, K.B.. HWANG, U.K., PAIK, W H., unpublished data, 1963.

[13} TAKAGL G.. Report of Forest Expil Station 2, publ, by Gov. of Korea (1925},

[141 PROVERBS, M.L., NEWTON, I.®., Can.J. Zool. 40 (1962) 400,

[15] HALBERSTAEDTER, L., GOLDHABER, &., HECHT, O., Gmwthl {1543) 413,

[16] LABRECQUE, G.C.. KELLER, ]J.C., Advances in Insect Population Control by the Sterile-Male Tech-
nique, Technical Reports Series No.44, TAEA, Vienna {1865} 1.

[17] JEFFERIES, D.I., in Radicisoropes and Radiarion in Entomology, IAEA, Vienna (1962) 213,

[18} OUYE. M.T., GARCIA, B.S., MARTIN, D.F., J. econ, Ent. 57 (1984) 387,

{197 KASTING, R., McGINNIS, A.l.. Can. ]. Biochem. Fhysicl, E (1969) 1229,

f20] MOORE, S., STEIN, W, H, I. biol, Chem. 192 {1951) 653.

[21] HENMEBERRY, T.I..J. econ. Enr. 56 (1963) 279,

{22] FUKUDA, T.. SUTO, M., KAMEYAMA, T., KAWASUGI, 5., Namre {Lond.) E {1962y 53,

28] ITO, T.. Nature, {Lond.) 192 (1861) 951.

f24] ISHIL S., Symposium on major insect pests of rice at the Inernational Rice Research Institute, Los
Bafios, Philippines Septemnber 14 - 18, 2364,

[25] MOORE, I., NAVEM, A,, personal communicarion,

(261 HAGEN, K.S.. SANTAS. L.. TSECOURAS, A., Radiation and Radioisotopes Applied to Insects of
Agricultural Importance, IAEA, Vienna (1863} 333.

DISCUSSION
G.W. RAHALKAR: I understand you performed your experiment with

various sex—ratio combinations in insect cages. Would there be any change
in your observed response if cages of larger size were used?
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K.B. LEE: We have not experimented with cages of different sizes,
and the number of insects per cage was always the same.

M. ANWAR: In Fig.1 of your paper you mention that the life span of
the adult is 7 days and in the same figure you give the oviposition period
as 20 days. Could you please explain?

K.B. LEE: The period over which adulis are found in the field ovi-
positing is about 20 days (mid-July to early August). The ovipesition
period of each adult is, of course, less than 7 days.

I.A. KANSU: Your Table I shows that hatchability of eggs is at its
highest {73.0%) after 3 kR irradiation. Do you have any explanation of
this figure (in the same experiment, contirol eggs show only 55.8%
hatchability}?

K.B. LEE: In two sets of experiments out of three, we have observed
a stimulatory effect on hatchability at this dose. Jefferies {Ref.{17] of our
paper} has noted a similar effect in the irradiation of grain weevil pupae.

J.H.G. TICHELER: I note from your Tabie II that irradiated males
are only one guarter as competitive as normal males. Did you try fo im-
prove their performance by lowering the irradiation dose, or by applying
the irradiation at a later stage in the insects' development?

K.B. LEE: We irradiated the pupae at the latest possible stage.
Tests with a lower dose are planned.
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Abstract — Resumen

LARGE-SCALE BREEDING OF Exsdercus peruvianus G. AND ITS STERILIZATION BY GAMMA RATS.
A method of large-scaie breeding of Dysdercus peruvianus G. (family Pyrthocoridae) with natural food
and giving a hundsed-foid population increase each month has been developed in the Entomotogy Labo-
ravories of the Experimental Agricultural Statien at La Molina, Lima, Peru.

Cages 90 X B0 X 60 cm are used; 2000 adults are piaced in each, cage being taken thar there are
not more males than females (two males 1o each three females are sufficient). The cage fioor consists
of wire mesh with nine stracds per sqare inch; the roof, made of cioth or mesh with 14-18 strands per
square inch, is firted with a 15-W flvorescent light or a 80-W incandescent light, and the walls are of wood
or some other washable materiai. Inside the cages are placed two containers with levant cotton shaos,
and about 500 g of seed are scattered on the floor, Under the mesh is a sloping floor of plexiglas or some
other smooth material which allows the eggs to slide down to a collecting channel ending In a tube marked
in centimetees {1 em? = 4250 eggs).

Similar cages, but with a wooden or brass floor, are used to contain 4 cm? of eggs, which are
scattered on the floor covered with levant cotton seed, The eggs hatch and the nymphs grow in this cage
until they reach the adule stage, when they are taken out in batches of 2000 and transferred to tanks for
adults or irradiated.

Doses of 1000, 2500, 5000 and 10000 R wers used, and sterility was obtained from 2500 R, at
which dose eges were produced and development occurred to the first nymph stage. At 5000 and 10000 R
the eggs did not develop. At 1000 R develepment was normal, and in addition the cyele was accelerated
and there were more eggs. Drradiated males and fernales accepted, and were accepted by, normal insects
without discrimination, Competence levels of 2, 8, 32 and 128 males were tested.

CRIA MASAL DE Dysdercus peruvianus G. Y SU ESTERILIZACION MEDIANTE RAYOS GAMMA.

Un mézoda de crfa masal de Dysdercus peruvianus G. {Fam.: Pymhocoridae) mediante alimentacion
natural, que perrnite centuplicar la poblacién mensualmente, ha sido desarrollado en los laberatorios de
entomologfa de 1z Estaci6n Experimental Agricola de La Molina (Lirna-Perd).

Se emplean janlas de 9¢ x 60 X 60 cin donde se 1iberap 2000 adultes procurando gue el nimero de
maches no sea superior al de hembras (dos machos por cada tres hembras son suficientes). El piso de las
jaulas es de malla métdlica de nueve hilos por pulgada cuadrada; el teche de tele o matia de 14 a 18 hilos
por pulgada cuadrada estd proviste de una Juz fiuorescente de 15 W (o incandescente de 60 W), las paredes
son de madera u otro material lavable. Dentro de las jaulas se colocan dos recipientes con brotes terminales
de algodonero y sebre el pise s¢ esparcen unos 500 g de semilla. Debajo de 1a malta hay un piso inclinado
de plexiglds u otro material liso que permite a los huevos deslizarse hasta una canaleta de recoleccidn
tetminada en upa probeta graduada en centfmetros (1 cm® = 4250 huevos).

En jaulas similares peso con piso de madera o latdn se pone § em? de huevos que se esparcen en el
piso eubieito de semilla de algedonero, Los huevos eclosionan y 1as ninfas se desarralian en esta jaula hasta
alcanzar el estado adulto, de donde se 1as extrae en grupos de dos mil y se las pasa a jaulas de aduitos o
isradiados.

Se probaron dosis crecientes de 1000, 2500, 5000 y 10000 R, obteniéndose esverilidad desde 2500 R
en que hubo produccisn de huevos y desarclio hasts ninfa I. Con 5000 y 10 600 R los huevos no se desaro-
ftaron. Con 1060 R €l desarrollofue notmal e inclusive el cicle fue acelerado y €l ndmero de huevos mayor.
Leos machos y las hemnbras irradiados aceptaron y fueron aceprades, Indistintamente, por los normales,
Fueron probados piveles de competencia de 2, 8, 32 y 128 machos por pareja normal.
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INTRODUCCION

El Dysdercus peruvianus G. (Fam. Pyrrhocoridae) estd considerado
como la plaga mis perjudicial para el cultive del algedonero en el Perd,
pues los dafios que ocasiona son de tal magnitud que provocan no sdlo
una reduccidn de ia cosecha sino también una disminucién de la calidad
del algodén. En efecto, cuando el insecto ataca a frutos pequetios, o bien
éstos caen y se pierden, o bien se paraliza su desarrolleo o, {inalmente,
las semillas picadas dejan escapar aceite que mancha la fibra creando,
ademds, condiciones favorables para el desarrolle de hongos que é} mismo
introduce con su trompa y que acaban por destruir la fibra.

5i a lo anterior agregamos que el insecto es migratorio, que no tiene
enemigos naiurales de importancia econdémica y que cada hembra es
capaz de ovipositar 500 huevos, podremos comprender el peligro que
representa el insecto,

Sumemos a ello que es resistente a todos los insecticidas clorados,
que de los fosforadas sblo el Parathion lo destruye, y ello mediante cons-
tantes y costosas aplicaciones de insecticidas, y que de los carbamatos
s6lo Sevin es empleado con éxito para combatirlo, pero que, entodos los
casos las hembras oviplenas intoxicadas vacian su itero antes de morir
¥ los huevos, que son fértiles, dan lugar a ninfas sdlo después de 56
6 dias, cuando ya el poder del insecticida ha disminuido o desaparecido,
y nos daremos cuenta de ia necesidad de buscar nuevos métodos de
combate.

Pues bien, esta chinche, conocida con los nombres comunes de
"arrebiatado', rabiatado, culi-culi o chinche manchadora de la fibra del
algodonero, ataca a la casi totalidad de las 200000 hectireas cultivadas
con algodonero en el Perfi, causando dafios por varios milliones de soles,
& los que hay que agregar los gastos gue ocasiona la lucha contra el
mismo.

IDENTIFICACION

Estos insectos pertenecen al orden Hemiptera, familia Pyrrhocoridae,
géneros Dysdercus y Euryophthalmus, siendo las.especies més comunes
D. peruvianus G., D ruficollis L., D. mimus Say., D. fernaldi Ballou,
_'I')_. incertus Dist,, D. rusticus Stal., D. imitator Blote ¥ Eur‘yophtha}mus
humilis Stal [1]. De je ellas las tres prlmeras estin distribuidas en toda
la repiiblica, siendo la mds abundante D. peruvianus G. En cambio,
las oiras cinco especies sélo se encuentran en la hoya Amazdnica, no
zsi en la Costa del Pacifico que es donde se cultiva el 95% del algedonero.

BIOLOGIA

L.os huevos, de color blanco, son depositados sobre el suele debajo
de la hojarasca o bien en las comisuras de las bellotas (frutos) del algo-
donero, que comienzan su dehiscencia. Al cuarto o quinto dia después
de puestos, los huevoes se tornan gradualmente amarillos y anaranjados
y un dfa después de adquirir color anaranjado, eclosionan.
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Las larvas recién nacidas son de color anaranjado, tono que se va
intensificando a medida que pasan los dfas, hasta que al cuarto dia mudan
a su segundo estadio ninfal, cuande son de color rojo intenso. Este es-
tadio dura de 4 a 7 dias. Luego mudan y & partir del tercer estadio son
de color rojo claro con lineas transversales blancas. Este estadio dura
de 4 a 8 d. Hasta aqui las larvas o ninfas permanecen gregarias, pero
al mudar a su cuarto estadio, que dura de 4 a 7 d, comienzan a separarse
unas de otras y, finalmente, en su quinto estadio, que tiene una duracidn
de 6 a 12 dfas, se movilizan en forma autdnoma. Al final del quinto estadio
las protuberancias alares son bien visibles y las ninfas se transforman en
adultos.

Las chinches adultas tienen sus alas bien formadas y son de color
amarillento, anaranjado y rojize. Las hembras son mdas grandes y
voluminosas que los machos, midiendo de 13 a 14 mm de largo por 3 a
4,5 mm de ancho. La maduracidn sexuzl, como es frequente entre los
hemipteros, se alcanza en el iiltimo estadio ninfal, de tal modo que el
mismo dia que alecanzan el estado adulto y apenas se han endurecido las
alas, se produce la cdpula, que puede durar desde unas pocas horas
hasta 4 6 5 d. Normalmente una hembra copula de 5 a 7 veces en su
vida y oviposita de 3 a 5 grupos de huevos. Una ovipesicién normal se
compone de alrededor de 100 huevos, de donde resulta que cada hembra
es capaz de poner entre 300 y 500 huevos. FEl porcentaje de recuperacién
(relacién entre el nimero de huevos ovipositados y el nimeroc de adultos
obtenidos de esa camada} es, en condiciones de laboratoric, de alrededor
de 30%, lo que indicaria que el fndice de reproduccidn de estos insectos
estd entre 1:90 y 1:150.

DANOS

Las ninfas, en sus tres primeros estadios, se alimentan de savia de
las plantas y, a partir del cuarto estadio, son capaces de alcanzar y per-
forar la cdscara de las semillas alimentdndose del aceite contenido en
ellas. La fertilidad de las hembras estd en razdn directa a su alimenta-
cién con semillas.

Al perforar las bellotas para alimentarse causan lesicnes tanio en
los carpelos como en las semillas. De ambos escapan jugos que manchan
las fibras.

8i la incisidn se produce antes de los 20 dfas de edad de ios frutos,
éstos caerdn o paralizaran su desarrollo; siella se produce en cambic
entre los 20 y 30 d, habrd produccién de fibra pero ésta serd dura y de
inferior calidad. Finalmente, si la incisién se produce entre los 30 y
50 d de edad del fruto, éste sdlo acusari el dafio en el 1dculo atacado,
alcanzando los otros dos o tres su desarrollo normal; si ya el algoddn
esti en franca dehiscencia, no habri dafio.

La razén de la importancia de los perjuicios que causa este insecio
estriba no tanto en el dafio directo, que acabamos de describir, sino en el
dafio indirecto que ocasiona al transmitir hongos patdgencs, tales como
Alernaria sp., Acremonium sp,, Nematospora sp. y bacterias.

El arrebiatado no sélo ataca al algodonero sino también & plantas
silvestres de las familias Bombacaceae, Malvaceae, Solanaceae y
Amaryladaceae. Ademds puede vivir, sin causar dafio, en plantas
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cultivadas tales como el guayabo (Psidium guajava), el nispero (Mestilus
germinica), la berenjena (Solanum melongena) y algunos citricos.

Esto, unido a su capacidad migratoria, da al insecto una gran posi-
bilidad de supervivencia a Un en las mis variadas o adversas condiciones
para su vida.

CRIANZA ARTIFICIAL DE Dysdercus peruvianus G.

Método Wille

El arrebiatado D. peruvianus G. es un insecto de ficil crianza en
laboratorio, lo que explica que en el Departamento de Entomologia de
la Estacién Experimental Agricola de La Molina, Lima, Perd, se realice
su cria desde 1926, cuando se cred el Departamento, y se mantenga
actualmente una cria iniciada en 1930 por el Dr. J.E. Wille, sin que se
hayan introducido, en los 37 afios que ella se realiza, nuevos insectos.
Debido a ello estos individuos son susceptibles a todos aquellos insecti-
cidas a los que los individuos de campo han adquirido o desarrollado
resistencia, por lo que tienen un inconmensurable valor, como testigos,
en las pruebas de insecticidas [2].

El método de cria seguido por Wille consiste en recluir 100 a 150
adultos en un frasco de vidrio verde o azul de 30 cm de alto por 15 &

20 cm de didmetro. Dentro del frasco, que se tapa con un pedazo de
tela blanca amarrada al cuello del mismo, se pone un poco de arena en
el fondo, un brote terminal de algodonero con dos o tres hojas y unas
20 6 30 semillas (figura 1),

FIG. 1. Para la cria de D. peruvianus G. por el método Wille se emplean placas de Petri para guardar
los huevos y los dos primeros estadios ninfales. Las ninfas I, IV y V, as{ como los adultos, se guardan
en frascos de vidrio de boca ancha.
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Los adultos se alimentan picando y chupande los jugos tante de las
hojas como de las semillas y las hembras ovipositan en la arena del fondo,
entre las semillas,

Diariamente se cambia el brote y se sacan los huevos, los que se
ponen en placas de Petri, con una hoja de algodonerc fresca. Esta hoja
se cambia cada dos dfas, Al gquinto diz los huevos blancos tornan a
amarillo o naranja y al dia siguiente eclosionan las ninfas que permanecen
agrupadas sobre la cara inferior de la hoja.

Cuando las ninfas alcanzan su tercer estadio se las coloca en un frasco
para adultos donde se les cambia el alimento y se limpiz diariamente hasta
que alcanzan el estado adulto [3].

La atencidn de cada placa de Petri toma de 2 a 3 min y la de cada
frasco de ninfas de 4 a 8 min, dependiendo del nimero de individuos y
la habilidad del operador.

En cada placa pueden guardarse hasta 500 huevos o ninfas y en cada
frasco 500 ninfas o 200 adultos. De cada frasco de adultes se obtiene un
promedio de 30000 huevos, de los que se pueden recuperar entre 8 y 10000
adultos en laboratorios mantenidos en condiciones naturales y empleanda
12 h diarias de trabajo.

Dispeniendo de seis frascos para adultos se¢ puede obtener una
produccidn diaria ininterrumpida de 2700 adultos o sea 81 000 mensuales
empleando 40 horas diarias, 200 placas y 200 frascos.

CRIANZA MASAL DE Dysdercus peruvianus G.

Méthodo semiautoméitico

El Método Wille, si bien es seguro y sencillo, no permite producir,
en forma econdémica, grandes cantidades de arrebiatados por lo que
durante el afio 1966 nos propusimos desarrollar un sistema de cria
masal y econdémica, que creemos haber logrado en la forma que descri-
bimos a continuacién.

En una jaula de 80X 60X60 cm con sus cuatro paredes laterales
construidas de madera u otro material lavable, el techo de malla plasti-
ca de 14 hilos por pulgada y el pisc de malla metilica de nueve hilos por
pulgada, se introduce, por cualquiera de las dos ventanas circulares de
15 a 20 cm de diimetre, que tiene una pared frontal, dos floreritos
conteniendo agua y brotes terminales de algodonero cuyas bocas se han
tapado con fibra de algodén a fin de que los insectos no se ahoguen y
sostengan los brotes erguidos. Ademé&s se introducen dos platos de
15 em de didmetro con semilla de algodonero y 2000 adultos de D. peru-
vianus G. sexados ¥ en la proporcién de dos machos por cada tres
hembras (figura 2).

Debajo de la jaula hay un plano inclinado de madera, latén, plexiglds,
o cualquier oiro material lise que permiie a los huevos, puestos por las
hembras, rodar hasta una probeta graduada donde se recolectan y cuentan
voluméiricamente, tomando como unidad 4250 huevos por centimetro
ctbico; sobre la jaula hay un foco de Juz incandescente de 60 W o
fluorescente de 15 W {figura 3).
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FIG.2. Los adultos de D. peruvianus G. ovipositan en las semillas colocadas en el fondo de los frascos.
Diariamente se extraen los huevos pasindolos por tamices.

FIG.3. En el método semiautomatico de cria masal de D. peruvianus G. se emplean dos tipos de jaulas.

La superior contiene los adultos y la inferior las ninfas.

Por cada jaula de adultos se deben tener 15 jaulas para ninfas, las
que son iguales a las de adultos, con la tnica diferencia del piso que es
también de madera o del mismo material lavable de las paredes.

En cada jaula para ninfas se introducen 5 cm3 de huevos, de los que
eclosionaran las ninfas que desarrollaridn toda su vida dentro de la jaula
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alimentdndose de los terminales de algodonero, gue se cambiarin cada
dos dias o a medida que sea necesario, y de las semillas de los platos.
Diariamente, o cada vez que se cambien los terminales, se hard una
ligera limpieza para retirar caddveres y exhuvias.

Cada jaula de adultos produce, durante un periodo de 21 d contados
a partir del sexto dia de edad de los adultos, alrededor de 5 cm? de
huevos diarios, con Io que se llenardn entre 15 y 20 jaulas para ninfas y,
como la recuperacién con este método es de alrededor de 50%, se pro-
ducirin entre 150000 y 200 000 adultos, ¢ lo que es lo mismo 10 000 indi-
viduos diarios durante 20 dfas, a partir del mes de la primera oviposicidn.

Cada jaula requiere aproximadamente 4 min de atencidén diaria, al-
rededor de una hora para todo el sistema, lo que quiere decir que un solo
hombre puede mantener ocho sistemas o, lo que es lo mismo, producir
80 000 individuos diarios. Es decir que, con las 40 horas diarias de
atencién que necesita el sistema Wille para producir 2700 individuos
diarios, nosotros podriamos lograr, tedricamente, 400 000 individuos
diarios.

ESTERILIZACION DE Dysdercus peruvianus G.
MEDIANTE RAYOS GAMMA

Los trabajos se realizaron en el irradiader de 1370, instalado en
los Laboratorios de Entomologia de la Estacién Experimental Agricola
de La Molina, cedido por la USAEC por intermedio de la Junta de Control
de Energia Atémica del Pert, teniendo como antecedente un trabaje
similar ejecutado por el autor y el Ingeniero Godofredo Garcia Baca, en
1861, en un irradiador de %0Co durante la exhibicién « Atomos para la
Paz» [4].

Materiales v méthodos

El irradiador de 187Cs de 20000 Ci, doblemente encapsulado en acero
inoxidable soldado er atmdsfera de helio, tiene la fuente de irradiacidn
colocado en una « jaula» que rodea la cavidad de irradiacién, cuando
estd en posicidn de «irradiar». La irradiacién externa promedio resulia
asf menor de 1 mR/h a 30 cm de la unidad, ]

La cdmara de irradizcién de seccién pentagonal de 15 cm de dié-
metro por 20 cm de largo, estd también construidade acero inoxidable ¥
estd equipada con puerta de clausura montada para deslizarse horizontal-
mente de la posicidén de Kcarga®» a la de «irradiacién® en menos de 4 s.

Un reloj eléctrico de 20 min, de programacidn automaética, detiene
la irradiacifén autemiticamente al final del tiempo predeterminado de
expasicién., Para perfodos mds largos de exposicién, se puede anular
el reloj automitico y proceder mediante control manual. Finalmente en
caso que falle la corriente eléctrica se puede movilizar la cidmara me-
diante unvolante que se hallaenun extremo del equipo.

Los insectos empleados fueron extrafdos de las jaulas de crianza
masal de Dysdercus peruvianus G., donde numerosas ninfas estaban
mudando en adultos ese dfa, de tal mode que adn no habian copulado.

Los insectos fueron clasificados a simple vista (las hembras son
més grandes yvoluminosas que los machos) y confinados en la cimara
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de irradiacién, en grupos de 10 que luego de irradiados fueron confinados
en frascos de vidrio, dindoseles una letra para cada intensidad de irra-
diacién y ua niimero para cada pareja, lo que se anotaba en ¢l frasco
respectivo.

Los frascos empleados fueron de vidrio opaco verdoso, de 20 cm de
alto por 15 cm de didmetro, con boca ancha. Dentro del frasco se puso
arena en el fondo y sobre ella un fubito con agua conteniendo un terminal
de algodonero con tres hojas que se mantenfa erecto gracias a un copo
de algoddn que a la vez tapaba la boca del tubito, evitando que los adultos
se ahogaran en el agua. Ademés, se pusc una cépsula de 4 cm de did-
metro conteniendo semilla de algodonero. El frasco se tapd mediante
una cubierta de tocuyo emmarcado en acero. '

Diariamente se observaron los frascos y se anotd en un cuaderno
los acontecimientos del dfa, tales como cépula, oviposiciones, milmero
de huevos, muertos, ndmerc de ninfas de cada estadio, etc.

Los huevos fueron extraidos del frasco y colocados en una placa de
Petri conteniendo una hoja tierna de algodonero. La placa se marcd con
la letra maylscula y nimero correspondiente al frasco, seguido de la
letra miniscula «a» para la primera postura, «b®» para la segunda, «c»
para la tercera y as{ sucesivamente, La hoja se cambid diariamente,
5i los huevos dieron ninfas éstas se mantuvieron hasta su tercer estadio
en las placas y al cuarto estadio pasaron a un frasco preparado en la
misma forma que el de adultos.

En un primer ensayo se irradiaron tanto & los machos como a las
hembras, con las siguientes intensidades A:1000 R; B:2500 R; C:5000 R;
D:10000 R, y T:testigo normal sin irradiacidn.

En un segundc ensayo se irradiaron sélo ios machos, excepto en el
testigo, y se los confiné con una hembra normal. Las intensidades
empleadas fueron: A:100 R; B:200 R; C:400 R; D:800 R; E:1600 R;
¥:3200 R; G:6400 R; H:12800 R; y T:testigo normal, sin irradiacién.

En un tercer ensayo se irradiaron con 5000 R y 10000 R machos y
hembras virgenes, gue luege se recluyeren, cada uno, con una pareja
normal con el fin de conocer si €1 macho ¢ la hembra irradiados eran
rechazados por la hembra o el macho normales o si éstos tenian prefe-
rencia por los normales sobre los esterilizados.

Finalmente, en un cuarto ensayo se irradiaron machos con 10000 R
¥ se recluyeron con una pareja normal en las proporciones de 1:1:2;
1:1:8; 1:1:32; y 1:1:128, ademads de un testigo con 1: 129,

RESULTADQOS Y DISCUSION

En los cuadros I y Il presentamos los resultados obtenidos en el
primer ensayo, cuando ambos sexos fuercn sometides a irradiacidn, ¥
de su estudio puede deducirse, entre otras cosas, gque la cantidad de
huevos, ain cuando se preduzcan, es inferior en las pareias irradiadas
que en las normales. Se observa también que el desarrollo de los in-
sectos fue priacticamente normal con 1000 R (tratamiento A); pero con
2500 R (B) sélo unes pocos huevos llegaron al estadio de ninfa 1 y luego
murieron. Con 5000 R (C) y 10000 R (D) hubo produccién de hevos y
aunque ellos no eclosionaron, ello nos indicd que la hembra del arre-
biatado no fue esterilizada ya que, de acuerdo a las normas universal-
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mente aceptadas, una hembra estéril no produce huevos; o bien, de
acuerdo a los resultados obtenidos por el autor y Garcia Baca en 1961,

en que no se obtuvo eclosidn de los huevos irradiades con 1000 R,

10000 R ¥ 100000 B, la hembra no seria virgen o ella seria capaz de

CUADRO 1.
Dysdercus peruvianus G. CUANDO AMBOS SEXO0S FUERON IRRADIADOS

(i.A MOLINA, PERU, 1867)

INFLUENCIA DE DOSIS CRECIENTES DE RADIACION EN LA VIDA DE
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CUADR( II.  INFLUENCIA DE DIVERSAS DOSIS DE IRRADIACION EN LA VIDA DE
PAREJAS ADULTAS DE D. peruvianus (.
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producir hueves sin intervencidn del macho, en cuyo caso la irradia-
cion de hembras y su liberacidén junto con los machos estériles no serfa
perjudicial.

En cuanto a los resultados del segundo ensayo gue presentamos en
los cuadros IIl ¥ IV ¥y V ¥ en el que s6lo los machos recibieron irradiacidn,
podemes comentar que aparentemente la radiacién, en intensidades in-
feriores a 10000 R, afecta a los insectos obligandolos a realizar cépulas
més prolongadas y disminuyendo el niimero de huevos puestas en cada
lote, con la iinica excepcién de los machos que recibieron 400 R, lo que
podria deberse a mayor fécundidad de las hembras. También se pudo
observar que la longevidad de los machos irradiados se redujo en un
88% para las bajas intensidades y en 66, 62 y 39% para las intensidades de
1600 v 3200, 6400 v 12 800 R, respectivamente, y que la incubacién de
los huevos es acelerada por las bajas intensidades y retardada por las
altas, =i bien es cierto que la duracidn del ciclo bioldgico no es aparente-
mente afectada por las bajas intensidades, pero si es prolongada hasta
casi en un 50% por las altas.

En el tercer ensayo las hembras y los machos irradiados con 5000 R
o con 10000 R copularcn indistintamente con los machos y hembras
normales, lo que indicaria que estas intensidades no reducen la capa-
cidad de competencia de ningunc de los dos sexoes.

En cuando a los niveles de competencia, si bien en este primer
ensayo, en las proporciones de 32:1 y 128:1, los machos normales no
-encontraron a las hembras, creemos que debe repetirse la experiencia
antes de poder sefalar un nivel de competencia para este insecto.

CONCLUSIONES

1. Es posible criar en forma masal y econdmica el arrebiatade o chinche
manchadora del algodonero, Dysdercus peruvianus G. en laboraterios
acondicionados a 27°C, 5°C y 80% H.R. 5%.

2. La chinche manchadora de la fibra del algeddn, D. peruvianus G.

es fdcilmente esterilizable con 5 a 10000 R de radiacién gamma.

3. La longevidad de los machos esterilizados mediante rayos gamma

se reduce hasta un 61% en relacidén conla de machos normales.
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CUADRO V. INFLUENCIA DE DOSIS CRECIENTES DE RADIACION GAMMA SOBRE LA
VIDA DE MACHOS DE D. peruvisnes G,
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4. Las hembras de D. peruvianus G., irradiadas hasta con 12800 R,
son capaces de ovipositar, aunque sélo en un caso los huevos eclosionaron.
5. Dosis entre 1600 R y 12 800 R prolongan considerablemente el ciclo

bicldgico de D. peruvianus G.
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DISCUSSION

W.J. KLOFT: What daily photoperiod did you use in your mass rearing
of Dysdercus peruvianus? We found from our experiments with related Heterop-
tera that 16 hours of light to 8 hours of dark was the eoptimum for develop-
ment and reproduction.

J.E, BIMON: We illuminated the insects for 14 hours daily. Despite
the fact that D. peruvianus is quite able to live all year round under
Peruvian conditions, we discovered that a daily exposure of more than
12 hours of light significantiy improved the reproduction rate.

W. J. KLOFT: Did you encounter the problem of muiual cannibalism
in your crowded mags rearings? Even seed-feeding bugs like Oncopeltus
sometimes show a tendency towards this pattern of behaviour.

J.E, SIMON: Well, we used the mesh at the bottom of the adults' cage
expressly to avoid any damage to the eggs, and despite there being
2000 adults per cage we did not observe any cannibalism.
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W.J. KLOFT: Are you sure that it is necessary to give the insects
the additional food supply of cotton leaves? We found that cur seed-feeder
Oncopeltus fasciatus needed no green plant component in its diet, but could
be reared on seeds and water only. This might prove a means of reducing
the cost of your mass rearings.

J.E., SIMON: In fact, during the eight weeks previous to my visit
to Vienna we were not allowed to crop the cotton leaves by virtue of our
Plant Quarantine Regulations and so we have had to rear the bugs on seed
and water only. I had feared that on return to Lima I would find that my
culture of Dysdercus had perished, but your remarks have given me some
encouragement to believe that this diet will be adequate, after all.
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Abstract — Résumé

RESEARCH INTO THE APPLICATION OF THE STERILE-MALE RELEASE TECHNIQUE TO THE
RHINOCEROS BEETLE {COLEOPTERA:SCARABAEIDAE). ‘The control of the Rhinoverss beetle, which
causes considerable damage in palm and coconut plantations tn the tropical regions of the world, meets
with difficulties resulting from the habits of the insects. Chemical and biclogical control methods have not
yet produced econpmically worthwhile results. It was therefote proposed, under the Joint Project established
by the UN Special Fund and the South Pacific Commission for devising 2 method of controiling the main
pest in this gronp, Oryetes thinoceros, that the possibility be investigated of using against these coleoptera
the technique of releasing males sterilized by radiation. Shxdies have been made involving the two most
important species Q. monoceros Ol.  and O. rhinocergs L. The first stage was the development of a continuous
breeding method, which had not hithertc been possible because of the large-scale slaughter arising from
fungus attacks by Metarrhizium anisopliae Metsch. For the larvae the technique used invelved first indi-
vidual rearing, followed by group rearing tests with 100 or so insects in tanks. The average temperature
in both cases was close to 80°C and the insects were fed on a mixture of rotten wood and leaf mould mixed
with the faeces of damestic animals. The adults, fed on banapa slices, are placed in troughs or tanks
containing sieved earth. It was thus possible to rear Oryctes in several successive cycles, avoiding the
epizooic stage of Metarrhizium, with a multiplication rate from one generation to the next of close on 10.
Tests on radiation sterilization procedures taking as variables the gamma-ray dose, the stage of the insect
and the physiological state of the imago, showed that O. monoceros adults were sterilized by a single appli-
cation of 4000 rad, with a slight reduction in their iength of life. The same was true of O, rhinoceros,
which however required a dose greater than 6000 rad to sterilize it. The mating urgé and sexual vigour
of the imadiated insects are, however, reduced; competitive trials between irradiated and normal males
are described and commented on.  Apart from the immediate effects of gamma-rays, a possible deferred
effect on the progeny of females rmated with partially sterilized males was also envisaged.

APPLICATION AUX Oryctes (COLEOPTERES: SCARABARIDAE) DE LA METHODE DU LACHER DE
MALES STERILES. La lutte contre les Oryctes, qui commettent des d&gts considérables dans les plantations
de palniers et de cocotiers dans les tégions tropicales du globe, se heurte & dea difficultés dues aux meeurs
de ces insectes. Les méthodes chimiques de meme que les essais de lutte biologique n'ont pas abouti
jusqu‘d présent 3 des résultats conomiquement valables. Aussi il a &t& propos, dans le cadre du Projet
conjoint du Fonds spécial des Nations Unies ot de ia Commission du Pacifique Sud, chargée de mettre an
point la lutte contre le principal ravageor de ce groupe, O. rhinoperos, d'&tudier les possibilités d appli-
cation I ces coléoptires des procédés de lutte autocide par lachers de miles stérilisés par irradiation.

Les recherches effectuées par 1'autenr et son Eguipe ont pozté sur les deux espéces les plus importantes:

©. monoceros Ol, et O, thinocems L, Dans ume premiére &tape on a cherché i réaliser yn Elevage per-
manent qui n*avait jamais pu &tre obtenu du fzit des hicatombes provoguées par la muscardine verte &
Metanhizium anisoplizz Metsch. Pour les latves, la technique utilisée a &t& d'abor 1'Elevage individuel;
ensuite il a £t& pmoide A des essais d'Elevage par groupes d*une centaine d'insectes dans des bacs. La
terpérature moyenne dans les deux cas &tait voisine de 30°C et 1’alimentation asswée par un mélange

* Recherches effectuges sous contrat (Projet conjoint du Fonds spécial des Natlons Undes et de 1a
Commission dn Pacifique Sud, <«Rhinoceros Beetle Project>, Apia, Sammea occidentales),
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de bois décomposé ou de terrean de feuilles avec des féces d'animaux domestiques, Les adultes ali-
ment&s avee des rondelles de banane zont mis en ponte dans des seaux ou des bacs renfermant du terrean
cribie. L'&levage des Oryctes a pu ainsi Stre réalisé en plusieuss cycles successifs, sans Epizootie 3
Metatchizimn, avec un taux de multiplication voisin de 10 d'une génération 3 1'autre. Les essais sur les
madalités de stérilisation par irradiation en fonction de 1z dose de rayons gamma, du stade de l'insecte
et de 1'2tat physiologique des imagos ont monté que les aduites de Q. monoceros &taient stérilisés par une
genle application de 4000 zad avec une faible réduction de a longévité des individus. Les mémes phéno-
menes s'observent chez O. rhinoceros, qui demande toutefois une dose sup&rieure & 6000 rad pour aboutir
% 1a stérilisation. La tendance 3 1'accoupiemnent, la vigueur génitale des insectes irradiés apparaissent
toutefois amoindries; les essals de compétition entre males irradiés et miles nommaux sont exposés et
commentés. En dehors des effets immédiats des rayons gamina, une éventuelle action différée sur la
descemdance de femetles accouplées avec des mdles particliement stéridisés a £t8 recheschie,

1. DIFFICULTES DE LA LUTTE CONTRE LES Oryctes

Les Oryctes constituent un des principaux exemples de ravageurs
d'importance économique considérable contre lesquels, en dépit des
progrés réalisés depuis 20 ans dans le domaine phytosanitaire, il n'existe
pas encore de méthode de lutte rationnelle et efficace, ainsi que nous avons
eu l'occasion de le rappeler précédemment [1], On connait au moins 25
espéces d'Oryctes nuisibles aux palmiers et aux cocotiers, sans parler
des autres genres de Dynastides tels que les Strategus, Scapanes et autres
Xylotrupes répandus dans toutes les régions tropicales et équatoriales.

Les deux especes les plus importantes sont Q. monoceros d'Afrique et

Q. rhinoeceros d'Asie et d'Océanie qui représentent, surtout la dernikre,
un véritable fléau dans certaines plantations. D'aprés Cumber [2], en
effet, deux insectes par arbre suffisent pour provequer des déghts trés
importants, et Hinckley [3] pense que, dans les conditions du Pacifique,
lorsqu'il ¥ a un insecte pour 19 cocotiers cette culture n'est plus rentable,

Les difficultés de la lutte conire ces insectes sont liées & leur mode
de vie et leur comportement. Les larves vivent dans les matieres végé~
tales en décomposition, notamment les palmiers morts, tandis que les
aduites ne sorteni que la nuit pour aller s attaquer a la base des jeunes
palmes, dans lesquelles ils forent une galerie ol ils s'abritent pendant
plus ou moins longtemps avant de retourner pondre dans les gites larvaires.
Ceux-ci sont dispersés A la fois dans les plantations et dans la brousse
environnante. La destruction de ces gltes est une des mesures essentielles
pour limiter la prolifération des Oryctes; aussi est-elle prescrite par la
législation dans beaucoup de pays. Mais elle n'est pas toujours facile a
réaliser.

En dehors de procédés empiriques tels que l'extraction des adulies des
galeries et la destruction des larves dans les gites naturels ou dans des
biiches pidges disposées & cet effet, la méthode de lutte la plus couramment
employée est le traitement des couronnes par un mélange d'insecticide et
de sciure de bois placé & l'aisselle des plus jeunes feuilles. Mais il est
nécessaire de répéter cette opération trés souvent (deux ou trois fois par
mois en Co6te-d'Ivoire, par exemple} [4], de sorte que le prix de revient
est élevé, de l'ordre de 4000 ou 5000 ¥ CFA/ha'an, pour une efficacité
douteuse,

De multiples essais de lutte biclogique ont été entrepris depuis le
début du sidcle pour obtenir un contrfle naturel de ces ravageurs, Soit
par l'introduction d'insectes parasites, tels que diverses espéces de
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Scolia (Hyménoptéres Scoliidae), oun prédateurs, tels que des Coléoptéres
Elatérides ou Scaritides et des Hémiptéres Réduvides, soit par traite-
ment de certains gites larvaires par le champignon Metarrhizium
anisopliae. '

Dans le premier cas, l'acclimatation de certains entomophages a
&té obtenue & plusieurs reprises dans différentes fles du Pacifique {Fidji,
Falau, Samoa), mais jusqu'ia présent aucun de ces insectes n'a permis
de réduire les dégits d'Oryctes. Dans le deuxiéme cas, quelques résul-
tats encourageants ont été enregistrés avec le champignon, mais il n'a
pas été possible de les généraliser en dépit des trés nombreuses tentatives
d'utilisation de ce pathogéne effectuées dans diverses régions de l'aire
géographique de O. rhinoceros et malgré la fréquence des épizooties
naturelles dues & cette muscardine.

2. POSSIBILITES OFFERTES PAR LA L.UTTE AUTOCIDE

Devant ces échecs des méthodes chimiques et biclogiques et du fait
du comportement de ces insectes, dont le siade imaginal est le seul vrai-
ment accessible, au moins dans certaines périodes, nous avons proposé
d'examiner les possibilités d'application aux Oryctes et notamment &

Q. rhinoceros des méthodes de lutte autocide qui ont fait leur preuve
pour dfautres ravageurs, depuis leg succes rencontrés aux Etats-TUnis
dans la lutte contre la mouche du bétail, Cochliomyia hominivorax,

DMautre part, l'expérimentation de Horber [5, 6} sur Ie hanneton
commun, espéce de la méme famille, constituait un précédent favorable
pour le recours aux l8chers de miles stériles en vue de tenter une
éradication de O, rhinoceros.

Cet objectif a €{é pris en considération par le Conseil de direction du
Projet conjoint du Fonds spécial des Nations Unies et de la Commission
du Pacifique Sud, établi depuis 1964 en vue de mettre au point la lutte
contre Q. rhinoceros et les insectes apparentés., Aussi I'Institut de
recherches pour les huiles et o}.éagineux (IRHO) et 1a Station de recher-
ches de lutte biologique et de biocoenotique de La Miniére {INRA) béné-
ficient-ils d'un contrat de recherche dans le cadre de ce Projet, en vue
de préciser les possibilités d'application aux Dynastides de la lutte auto-
cide par irradiation,

Dans les cag des Oryctes, comme pour les autres insectes, ainsi que
Féron [7] 1'a souligné précédemment, l'emploi de cette méthode de lutte
suppose des recherches préalables dans trois principales directions: 1la
mise au point d'un élevage permanent, la comparaisen du comportement
des insectes stérilisés par rapport & celui des insectes normaux, 1'&tude
en plantation de 1'éthologie et de l'écologie pour parvenir & une méthoede
d'estimation des populations,

Nous nous sommes attachés depuis deux ans i la réalisation des deux
premiéres conditions ; mise au point de 1*élevage et examen en laboratoire
des effets de 1'irradiation, les recherches écologiques étant conduites
parallélement, soit dang le Pacifique Sud par les soins des chercheurs
du Projet ou de 1'Office de la recherche scientifique et technique d'ouire-
mer (ORSTOM) dans le cas de Q. rhinoceros, soit en Céte-d'Ivoire par
I'TRHO dans le cas de O. monoceros.
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3. REALISATION D'UN ELEVAGE PERMANENT D'Oryctes

La méthode d'élevage de ces Dynastides tropicaux a été adaptée &
partir des résultats de l'expérimentation antérieure [8) que nous avions
conduite sur deux espéces européennes de la méme famille, Oryctes
nasicornis L. et Phyllognathus silenus F. Celle-ci avait mis en &vidence
qu'en dehors d'une température suffisante (25 a 30°C) le facteur essentiel
pour éviter les hécatombes dues & M. anisoplise était 1'alimentation des
larves avec un mélange de matidre végétale en décomposition (terreau ou
bois pourri) et d'excréments d'origine animale. La ponte des adultes issus
des larves élevées dans ces conditions était obtenue sans difficulté dans
un seau de 10 litres en polyéihyléne rempli aux deux tiers de terreau
eriblé et fermé par une feuille de polyane pour conserver 1'humidité du
miliew, car ces insectes ne s'alimentent pas A 1'état imaginal,

Pour les Oryctes tropicaux, dont les adultes se nourrissent, il a été
nécessaire de procéder & un certain nombre d'essais portant notamment
sur 1'alimentation et la nature du récipient d'élevage pour les larves et
pour les imagos, ainsi que sur l'influence du groupement des individus,
avant de parvenir & une méthode éprouvée. Ces essais ont porté essentielle-
ment sur Q. monoceros A partir d'un millier d'adultes et de larves expédiés
en 13 envois successifs de la plantation de 1'IRHO & Port Bouet {Cote-dI-
voire) de mai 1864 & septembre 1965, et sur O. rhinoceros & partir de
plus de 4000 ceufs recus d'Apia {Samoa occidentales) de mars a
novemhre 19686.

Deux publications [9] ont fait le point des résultats acquis dans
'obtention en laboratoire, en toute saison, de ces deux espéces, et
présenté les principales caractéristiques de 1'évolution de ces insectes.

La poursuite de Yexpérimentation nous a permis d'apporter depuis cer-
taines améliorations, en particulier dans la fécondité des femelles, de
sorte que l'ensemble des données actuelles en ce domaine peut se résumer
de la fagon suivante. :

3.1. Elevage des larves

11 peut 8tre effectué, soit en boltes individuelles de 500 ml de capacité,
soit dans des récipients en polyéthyléne de 35 lifres contenant 20 & 30
larves, soit en bacs de 600 litres renfermant une centaine d'individus.

La précaution essentielle est d'utiliser le mélange de matiéres en dé-
composition et de féces en respectant les exigences de température et
dthumidité {30°C et 65% HR). De multiples essais comparatifs de la
valeur de différents substrats {terreau, bois décomposé, sciure) et des
excréments des principaux animaux domestiques {cheval, vache, porc,
mouton) ont montré que la combinaison bois de feuillu & fibre courte
{hétre, chitaignier, orrne) + bouse de vache constitnait le meilleur milieu
pour le développement larvaire, en particulier pour limiter la mortaliié
par mycose, ainsi qu'en témoigne le tableau I récapitulant 45 essais
portant chacun sur 50 & 200 individus.

Les élevages de groupes de O, rhinocerog donnent des résultats tres
hétérogénes et variables d'un lot A l'autre a cause de la plus grande durée
du eycle évolutif de cette espeéce, qui demande 8 & 7 mois de 1téclosion de
1'ceuf & la formation de l'imago, alors que pour Q. monoceros il suffit de
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TABLEAU L. DEVELOPPEMENT DES Orycies SUIVANT LE
MILIET D'ELEVAGE

Larves Ly | Imagos Metar-
Esphoe Elevage Substeat en an Ip/100 by | rthizium
élevage formés (2]
O, monc- Individuel beis + bouse 874 G4 70 1,8
ceros
En groupe sciure + bouse 784 329 42 19
En groupe bois + bouse 228 243 4 1
Q. rthine- Individuel terreau + bouse 135 271 38 25
ceros
boets + bouse o989 528 53 8
En groupe terreau + bouse 252 30 i2 60
sciure + bouse 200 60 30 20
bois ¥ bouse 512 164 32 20

Ip = Insectes parfaits,

3% mois & 4 mois. Les 3 mois supplémentaires nécessaires pour Q. rhi-
nocerog sont les plus difficiles pour le maintien de la structure et de
l'humidité du milieu, qui tend & se dessécher progressivement. Dans ce
cas, de méme qu'aprés un transfert des larves dans un milieu d'humidité
brusquement trop élevée, la mycose se manifeste et détruit la quasi-
totalité de 1'élevage considéré, d'oli, pour cette espice, des rendements
trés différents d'un bac & M'autre pour un méme substrat. Ces difficultés
sont en cours de solution, en particulier par le recoure i des enceintes
de volume plus restreint pour la fin de la vie larvaire et la nymphose.
En utilisant le bois et la bouse de vache on obtient par ce procédé un
rendement de 70% d'adultes formés par rapport au nombre de larves
nouvelles nées mises en élevage, de la méme fagon que pour Q.monoceros.
Nous nous proposcons d'analyser les facteurs physiques ou chimiques
des substrats expérimentés déterminant le meilleur développement des
larves et la limitation de la mycose. Il semble que les deux constituants
interviennent, car des tests préliminaires ont montré que le bois dé-
composé seul ou le terreau seul ne permettait pas 1'8levage de ces in-
sectes. D'autre part, 11 essais effectués avec O. monoceros alimenté
en élevage individuel avec des féces de différents animaux domestiques
{vache, cheval, porc, mouton) mélangées, soit au bois décomposé, soit
au terreau, ont mis en évidence la supériorité du beois, notamment &
T'égard de M. anisoplise (tablean TI),
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TABLEAU II. INFLUENCE DE LA NATURE DU SUBSTRAT 5UR LE
DEVELOPPEMENT LARVAIRE DE 0. monoceros -

Subatrat Lj en élevage Ip formés Rendement Metar-

% thizium
(R
Bois + feces 270 218 20 3
Tereaun + féces 311 136 43 36

3.2, Elevage des adulies

Dans 1'état actuel de nos expériences sur l'influence de diverses cages
et de différents substrats, il apparatt que le terreau de couche de deux
ans représente le milieu le plus favorable au dépdt des ceufs des deux
especes, dont l'alimentation est assurée par des rondelles de banane dis-
posées en surface et renouvelées deux fois par semaine. Les jemelles
sont aptes & la reproduction dans les jours qui suivent leur sortie de la
dépouille nymphale, de sorte que pour ces deux Dynastides la ponte peut
commencer au bout de 2 semaines, Chez Q. monoceros, elle peut se
prolonger pendant 4 mois, chez Q. rhmoceros pendant & mois, délais
qui correspondent approximativement a tala longev1te des femelles. Dans
les dispositifs expérimentés, la fécondité de l'espéce africaine est plus
de deux fois moindre que celle de l'insecte asiatique (30 ceufs en moyenne
par femelle contre 74 dans les meilleures conditions), avec des pontes
pouvant atteindre 70 oeufs pour certaines femelles de Q. monoceros et
150 & 180 ceufs pour Q. rhinoceros. Le groupement des individus dans
des récipients d'un certain volume paralt favoriser la survie et la ponte
des femelles, surtout chez O. monocerog, comme l'indique le tableau IIIL.
Pour O. rhjnoceros, les différences entre les divers types d'enceintes de
ponte sont beaucoup moins nettes. Il en est de mdme pour la fertilité des
ceufs exprimée par le pourcentage de larves écloses A partir des pontes
obtenues.

Dans la pratique, le bac de 50 litres avec 10 couples est le procede
le plus commode pour obtenir la pente des Oryctes, s'il n'est pas néces-
saire de faire des études & l’échelon individuel.

4, ETTUDE DE LA REPRODUCTION DES Oryctes

La mise au point d'un élevage de ces Dynastides nous permet de
disposer d'insectes d'&ge et d'état physmloglque connus et, ainsi,
d'entreprendre l'examen des principaux caractéres de la fécondation et
de la reproduction des insectes normaux, de fagon i pouvoir interpréter
les phénomeénes produits par l'irradiation,

Les expériences en cours ont pour but de déterminer le rythme
dtévolution des ovocytes & 30°C et l'influence de I'dge des individus des
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deux sexes sur les délais et le nombre d'accouplements. La dissection
de 4 femelles tous les 2 ou 5 jours indique 1'8tat du tissu adipeux, le
nombre et 1a taille des ovocytes et la présence ou non de spermatophores
dans la poche copulatrice. En outre, les femelles de m&me origine sont
élevées jusqu'a la ponte pour évaluer la fécondité des insectes considérés,
Il a éié procédé i 'étude de couples congtitués, soit dfinsectes formés
depuie quelques jours, soit d'animaux vierges alimentés pendant 1 mois
avant la mise en élevage et maintenus ensemble pendant dee délais vari-
ables de 2 semaines & 2 mois, D'autre part, les résultats enregistrés
avec des couples isolés ont été comparés & ceux obterms dans les bacs
renfermant un groupe de 10 couples.

Il apparaft que la majorité des accouplements s'effectue 8 & 12 jours
aprée la mise en présence des deux sexes, au moment ol le tissu adipeux
des femelles commence & étre beaucoup moins abondant et & prendre
l'agpect de ballonnets pleine d'air, parallélement & une ovogenese active
se manifestant par l'existence de 3 4 5 ovocytes dont le plus gros et le
plus ancien est en début de vitellogengse. Le nombre de m#les et de
femelles dans la méme encecinte ne paralt pas intervenir.

Un essai portant sur 1'élevage de O, rhinoceros des deux sexes d'iges
différents {miles de quelques jours avec des femelles maintenues 6 se-
maines & jeun & 20°C et vice-versa) a montré qu'il n'y a pas de différence
de fécondité (40 ceufs par femelle en moyenne) ni de fertilité (85%), ni de
délais pour la premidre ponte (2 semaines & 30°C) entre les deux lots.

Par contre, les méles igés de 6 semaines sont susceptibles de féconder
les femelles dés les premiers jours alors que pour des miles jeunes les
premiers accouplements ne B'obgervent qu'i partir du 10° jour, avec
possibilité de deux coits pour le méme couple dang les 15 jours qui suivent
la mise en élevage, En outre 'ovogenése est plus rapide et plus homogene
dans le cas des femelles jeunes,

A la différence de M. melolontha, les femelles d'Oryetes gont donc
aptes & la reproduction dans les jours qui suivent la sortie de la nymphe,
tandig que pour les miles une période de maturation d'au moins 1 semaine
est nécessaire pour permettre l'accouplement. Ces observations étholo-
giques devront naturellement &ire confirmées et précisées par une étude
histologique.

L'accouplement n'est pas indispensable & 1'évolution des ovocytes: 10
fermnelles vierges de O. rhinoceros en élevage groupé & 30°C ont déposé
un total de 165 ceufs en 2 & 6 semaines. Mais la fécondité {16.ceufs par
femelle} et la longévité {(inférieure & 2 mois) de ces insectes sont inférieures
i celles de femelles accouplées, ce qui améne i penser que des phéno-
menes analogues A ceux mis en &vidence par Landa [10] chez le hanneton
commun ge produisent également chez les Dynastides ; utilisation des
restes de spermatophores comme source complémentaire de protéines
pour l'élahoration du vitelius.

Cette hypothése est confirmée par la différence de fécondité enregistrée
dans un eesai préliminaire sur le pouvoir fécondant du m#le de O. rhinoceros.
Dans trois lots de 12 femelles élevées avec 1, -3 et 12 miles, la fécon-
dité moyenne par femelle a été, respectivernent, de 35, 30 et 63 ceufs.

Diaprés les nombreuses obeervations que nous avons eu l'occasion
de faire dans nog& &tudes sur la ponte, les spermatozoides conservent
leur pouvoir fécondant dans les voies génitales femelles pendant 2 & 3
mois chez 0. monoceros et jusqu'a 5 mois chez O. rhinoceros, & en
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juger par la fertilité des oeufs déposés dans les élevages de couples dont
le mile est mort prématurément.

5. STERILISATION DES MALES PAR IRRADIATION

5.1, Définition des doses stérilisantes

L'irradiation a été réalisée par un irradiateur chargé de %°Co dont
l'activité totale était de 1500 Ci, ayant un déhit de dose au moment de
nos esgais de 1100 rad/min. En fonction des donn€es de Horber [5, 6]
pour M. melolontha une dose de 9000 rad a été utilisde, en premitre
approximation de la sensibilité de ce genre d'insectes, pour des méiles
de 0. monoceros, dont nous avone eu 1'élevage avant celui de O. rhino-
cerog. Pour llirradiation, les insectes étaient placés par groupes de
trois dans une bofte en polysiyréne de 8 cm de haut sur 7,5 cm de dia-
métre remplie de tourbe humidifiée. Ils étaient ensuite mis en dispositif
de ponte & 30°C avec des femelles normales, soit par couples, soit par
groupes de 10 couples. Des adultes de méme 4ge et de méme origine,
non irradiés, servaient de témoins pour chaque dose. Dans une premiére
étape nous avons cherché & déterminer la dose minimale de rayone gamma
stérilisant les miles et réduisant le moing possible leur longévilé, en
fonction de 1'ge des insectes: imagos formés depuis quelgues jours, et
imagos conservés & jeun & 20°C pendant 3 semaines., Le tableau IV ré&-
capitule les résultats concernant Q, monoceros et le tableau V les données
relatives & O. rhinoceros.

Ces tableaux font ressoriir la sensibilité moindre de O. rhinoceros
a l'irradiation, Alors que 4000 rad assurent la stérilisation de O, mono-
cerog et gue 3000 rad seraient suffisante pour cette espece, il faut au moins
6000 rad pour Q. rhinoceros, dans 1'état actuel de noe recherches. Des
essais sont en cours en utilisant des doses supérieures, allant jusqu’d
10 000 rad, pour fixer la dose optimale. Dans les deux cas D'ige des adultes
ne paralt pag avoir dfinfluence marguée sur la sensibilité aux rayons
gamma et la longévité des miles traités de 0. monoceros est peu affectée
par les doses stérilisantes, tandis que 6000 rad réduisent les délais de
survie deg adulies de O, rhinoceros par rappert aux insectes normaux.

Dans trois lots de 10 couples de O. rhinocerce, lep deux sexes ont
&té irradiés simultanément 3 raison de 3000 rad, 2000 rad et 5000 rad,
Seules les femelles soumises & 3000 rad ont déposé des ceufs, en nombre
trés restreint (23 au total pour 10 femelles) et aucune éclosion n'a été
enregistrée. La longévité des femelles traitées a été analogue & celle
des miles: 6 semaines environ, Des expériences complémentaires per-
mettront de préciser ces premiéres données sur la sensibilité des deux
£eXes allX rayoné gamma.

De premiers essais d'irradiation aux rayons X ont été effectués
parallélement pour Q. rhinoceros. Des géries de 5 imagoe ont été placées
dane des boites en polystyréne de 10 cm X 7 cm, au contact du générateur
soug une tension de 200 kV, & 12,5mA, & un débit de dose de 111 rad/min,
en interposant un filtre en cuivre de 0,5 mm. Deux doses ont &té utilisdes
pour des lote de 10 miles: 3000 rad et 5000 rad. La fécondité des femelles

et la fertilité des ceufs (87% d'éeufs fertiles pour 3000 rad et 48% pour
5000 rad) sont du méme ordre de grandeur que pour les memes doses
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de rayons gamma. Mais nous poursuivons la comparaison des deux modes
dirradiation afin de vérifier que la nature du rayonnement n'intervient
pas, ainsi que Amy [11] 1'a démontré sur les ceufs de Habrobracen,

5. 2. Compétition entre miles normaux et miles irradiés

Un des points importants & établir pour le calcul théorique du nombre
dtinsectes stériles i l8cher dans la population considérée est la vigueur
génitale et la compétitivité sexuelle des méales irradiés. Dans ce but, des
lots de 10 couples de O. monoceros ont élé constitués en associant 10
femelles normales avec 8§ (ou §) miales irradiés & 4000 rad et 2 (ou 4)
miles non traités, Dans le cas de O, rhinoceros nous avons opéré, soit
avec 8 couples (6 méales irradiés et 3 miles normaux}, soit avec 10 couples
{8 miles irradi€s et 2 miles normaux), dont les insectes traités avaient
été soumis pour partie & 5000 rad et pour partie % 6000 rad. Le tableau VI
montre qu'il est néeessaire dlaugmenter la proportion de males stériles
pour agir sur la fertilité des ceufs, ce qui est en accord avec les données
de la littérature : Proverbs et Newton [12] indiquent qu'il faut 20 méiles
stériles de carpocapse par mile normal pour obtenir une réduction rapide
des populations en verger, et la méme proportion a été trouvée par
Howland et zl.[13] pour Trichoplusia ni,

5.3. Effets de l'irradiation sur la descendance

En plus de llinfluence directe des rayons gamma sur la fécondité et
la fertilité des adultes, nous avons abordé l'étude des effets différés
éventuels sur la génération issue des ceufs déposés par des femelles ac-
couplées avec des miles irradiés. Plusieurs centaines de larves provenant
d'adultes de Q. rhinoceros soumis & 3000, 4000 cu 5000 rad sont élevées
individuellement. En raison des délais de développement et des différen-
ces individuelles ces &levages ne sont pas terminés. Cependant, un grand
nombre d'adultes sont maintenant formés et en cours de ponte. Dans
l'ensernble il ne paralt pas y avoir de différence marquée dans la durée
de 1'évolution des larves, le poids des imagos formés et la fécondité de
ceux-cipar rapport aux insectes issus des élevages normaux.

CONCLUSIONS

Un certain riombre de données positives ont pu 8tre acquises ces deux
derniéres années au cours de notre expérimentation sur les modalités
d'application aux Oryctes des méthodes de lutte autocide par irradiation.
Un des peints fondamentaux, non seulement pour ces recherches mais
aussi pour toute &ude physiologique ocu pathologique précise de ces
Dynastides, est la mise au point d'une technique d'élevage en laboratoire
assurani la disponibilité en permanence d'insectes d'dge bien déterminé.
Crest grice & ces élevages, dans lesquels la mycose § Metarrhizium est
conirdlée, que nous avons pu entreprendre llexamen de la biclogie de la
reproduction des deux espéces les plus importantes au point de vue éco-
nemique, ainsi que la définition des normes de siérilisation et des processus
de compétition entre individus irradiés et insectes normaux.
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Les résultats résumés dans ce mémoire ont encore un caractére
préliminaire du fait de la durée du cycle évolutif des espices considérées
et de la nécesgsité de procéder & des répétitions en nombre suffisant pour
permettre des conclusions définitives. La poursuite de nos recherches a
pour objet d'aboutir & de telles conclusions notamment en ce qui concerne:
-les différentes étapes de la vie sexuelle des mfles et des femelles [OTMAuX

et irradiés, par une étude histologique appropriée,
-la comparaison de 1l'effet stérilisant des diverses sources de radiations
(X et gamma) avec différents débits,

-la délimitation de la proportion d'individus stérilisés nécessaires pour
provoquer une réduction suffisante du taux de prolifération de la population,
Maisg, en dehors de ces &tudes de laboratoire, l'application de cette
méthode de lutte aux Qryctes suppose l'amélioration de nos connaissances

sur le comportement des adultes et sur la dynamique des populations en
milieu naturel, et surtout la mise au point d'une méthode de capture par
piégeage des imagos,

Cette méthode est nécessaire 4 la fois pour suivre les niveaux de popu—
lation et pour récolter en grand nombre les insectes qui seront soumis a
l'irradiation avant d*éire reldchés. Dans le cas des Oryctes, en effet, il
nous paraft trés difficile d'envisager la stérilisation d'insectes provenant
d'élevages pour deux raisons : les élevages de masse demanderaient des
moyens considérables, en particulier a cause de la longueur du cycle
évolutif de ces Coleopteres qui n’a rien de commun avec celui des Diptéres.
D'autre part, les dégits sont occasionnés par les adultes dont il y a lieu,
par conséquent, d'accroltre le moins possible le nombre, méme de fagon
temporaire.

Ce sont de telles études, qui sont activement conduites par les spé-
cialistes du projet «Rhinoceros Beetle» & Apia, notamment par la recherche
d'attractifs chimiques, qui doivent permettre d'aboutir &4 'expérimentation
sur le terrain de procédés de lutte autocide, méthode qui nous parait gtre
une des possibilités offertes par l'entomologie moderne pour faire face
au grave probléme des Oryctes.
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DISCUSSION

G. LE MASNE: Do you have any information on behavioural aspects
influencing competition between irradiated and non-irradiated males?
B. HURPIN: No, I'm afraid noi.
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Abstract

EFFECT OF RELEASING STERILE Scirpophaga niveila F. ON CROP DAMAGE AND INSECT PCPULATION
DENSITY IN SUGAR CANE PLANTATIONS, Successful nse of the sterile-mate technique to control insect
populations was reported in several countries, Certain characteristics of a candidate insect must be con-
sidered before employment of this technique. Since 1965, experiments have been performed ar che State
Sugar Academy i Jogjekarta, Indonesia, to examine these characteristics in the white top borer
(Scirpophaga nivella F.), an important sugar cane pest, and to determine the suitability of the sterile-
male tnethod. Several itnportant characreristics were found suitable, i,e. copulation ability did not
decrease after radiation, and rezring on an amificiai medium is possible for all Mfe cycle stages. Radiation
at the pupal stage induced steriliry in the adulr. Preliminary experiments in a sugar cane plantation
wete performed to detetmine the effect of sterile insect release on the attack intensity and populazion
density. The number of released sterile insects approximately equalled that of the narural population.
Release was carried ot at a time when cane was susceptible to attack in an area which had previousty
reported 10% annual crop loss due to this insece's activiry,

Released sterile insects caused a decrease in the artack intensity and the population demsity. An
examination carried out just before harvesting, after release of the insects had been terminated, revealed
that the insect population density at the control plots was roughly eqnal to thac at the release plozs, This
indicated that the release of the sterile insects would be effective in suppressing the increase of the population
If it wete constantly done, Another fact that supports this opinion is that although the figures shown by the
control plots and release plots just before harvesting were aimost equal, the damage in the release plots
was ooly to the leaves. Thus, if we considered that the damage caused by this pest on sugar cane 10 months
©ld or clder may be igrored, control could be accomplished by releasing sterile insects during the seasitive
period of sugar cane growth. If however, this pest is 10 be completely eradicated, the release of the sterile
insects must be done constantly during the growing pericd of the sugar cane,

1. INTRODUCTION

The white top borer is the most destructive native sugar cane pest in
Indonesia. According to research carried out in Indonesia in 1957 at
16 sugar factories, the average loss was 8.9%. If the total sugar pro-
duction in Indonesia wag 1 000 000 tons, then 89 000 tons of sugar were
destroyed by the white topborér. The value of the loss, calculated according
to the current sugar price in Indonesia, was almost two billion rupiahs
{8] . The top borer, in combination with the stem bhorer, caused 12%
damage to the sugar crop. Other countries are concentrating their
attention on the stem borer, which, for instance, causes an annual loss
of $6 000000 in the United States of America [1].
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The increasing sugar loss in Indonesia is parily caused by a planting
system which favours the existence of the white top borer and partly
by outmoded control methods. The present control method is the so
called 'rogesan' method, i.e. cutting the top of the infesied sugar cane.

Control by insecticide was not satisfactory because the greater part
of the insect's life is spent within the stem, beyond the reach of
insecticides.

The success of the gterile-male technique in controlling different
pests in various countries prompted the following experiments to
determine whether this technique could be used to conirol the white
top borer in sugar cane. These insects can easily be reared by an
artificial method out of their natural condition in the field. In 1965,
radiobiological studies indicated that the copulation ability was not
reduced.

Pupae were irradiated with a ®Co source owned by the Faculty of
Mathematics and Physics, Gadjah Mada University, A very smail
dose caused the moths to become sterile [3, 6] .

This paper describes preliminary experiments on the attack intensity
and population density after a release of sterile Scirpophaga nivella F.
Further research suggested in the XVIth Dies Natalis speech of the
State Sugar Academy [B8] is also described.

2, MATERIALS AND METHODS

The following experiments were performed to compare the 'rogesan'
control method with the sterile insect release.

2.1. Orientation of sugar cane plantations

Six isolated fields with canes about two months old which had never
been treated for any pest were used. These fields were similar with
regard to the variety of canes, the kinds of geedling, the severity of
pest infestation, the intensity of the eradication attempts, the area involved,
ete. Three plots were used for the release of sterile insects and the others
were used as control plots.

2.2. Population density calculation and the amount of damage caused
by borer attack

For every plot of ground the number of rows and the total number of
furrows were determined. Furrows were randomly selected and the per
cent of infested stems was ascertained.

Larvae and pupae were removed from the infested stems. Based
on the number of larvae and pupae found in the sample furrows the density
of insects was determined and the developmental stages were recorded,
At the same time both the density of insects and the severity of damage
throughout the sample plots were recorded monthly, Every time new
furrows were chosen, we used the same¢ number and length of furrows
ag in the first observation.
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2.3. DMaterials preparation and field research supplies

Pupae as release material were obtained from the Madukismo sugar
factory in cane tops. The release containers consisted of flat earthen discs
fixed on top of bamboo poles planted in the fields. These bamboo poles
were 13 metres long and each had two discs fixed to the top. The upper
disc had a cone at the bottomn. Banana leaves were here spread out to
hold the pupae, which were then covered with small pieces of banana
leaves. The upper disc was put on top of the lower disc, which had
a flat bottom and was larger in size than the upper. Water was then
poured on the lower container te prevent ants from harming the pupae
and to keep the upper container humid. The bottom of the second
container was fixed to the top of the bamboo pole.

2.4. -Larvae rearing and sterility induction

Larvae collected in the field were laboratory reared on sugar cane
until they became pupae. These and all field-collected pupae were
exposed to a 8Co source. This radiation was given the morning right
before release,

2.5, Sterile insect release

Sterile pupae were released one or two days before eclosion, the
releases being carried out before the rainy season, Pupa-release
is the best method, since the best mating time for these moths
ig just after their metamorphosis, This release wasg done at
definite times, the number of insects ic be released being made
equal to the population density or equalized with the number of female
moths estimated to emerge. On three neighbouring release plots 10 bamboo
release pillars were planted, and the number of pupa put there each
time for release depended upon time, frequency and density {Appendix I).

2.6. Observation

The method of observation has already been ouilined above. Both control
and release plots were kept under observation, as were the egg colonies
and the hatching rate, which have so far yielded no definitive data.
Monihly observations were carried out during release time, when the
cane was most susceptible to white top borer attack, while final observa-
tions were made before harvest time to determine whether the sterile
insect release had had any effect.

3. RESBULTS

The tables and figures illustrate the resulis of the examinations.

At the sterile insect release plois (Fig. 1), a decrease of attack
intensity and population density was noticed, while at the control plots
(Fig.2) an increase of both occurred.,

The first pupal release took place on 13 September 1966, in plots I,
11, 1If which had a fixed area comparison, The following numbers of pupase
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were released in succession: 75, 75 and 150, respectively; simultanecously
the following damage was observed: 9.40%, 5.16% and 6. 28% with
population densities of 8,50, 4.45 and 5. 71 (Table I}. Notall pupae released
became moths; the following numbers of moths were observed: 51, 60

and 136. At the second release, on 4 October 1886, the damage to

plots I, II and III decreased to 4. 35%, 1,54% and 3, 27%, respectively,

80

40

DAMAGE (%) AND POPULATION DENSITY

' 14
SEPT OCT, NV, MARCH

FIG.1. Damage and population density at release plots.
: Damage (%)

------- + Population density,

while population densities bhecame 3.79, 1,00 and 0.72. By that time
another pupal release had been performal: 54, 54 and 72, respectively,

of which 41, 43 and 66 became mothe, The third release, on 15 November
1966, produced the following damage in plois I, Il and IIl: 2.85%, 2.04%
and 1, 25%, while the population density figures were 1.24, 0.25 and

0.37. Of the third pupal release, of 45, 45 and §0 pupae, 44, 45 and
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80 became moths. Both observation and insect release were then terminated,
because by that time the sugar cane was no longer susceptible to white top
borer aitack.

The figures on damage and insect population density given below were
obtained from the control pleots (Takle II). The first observation on
7 Septembér 1966 showed the following damage percentages: plots I, II

50

DAMAGE {%] AND POPULATION DENSITY

7 2 25 15 2%
SEPT SEPT.  OCT.  NOY. . MARCH

aa
FIG. 2. Damage and populatian demit}'f ‘at"control plots.
: Damaege (%)

and III, 14.69%, 6,74% and 8. 54%,respectively, while the density was
12.50, 5.76 and 7.13. The second observation took place on 27 September
1866, and yielded the following damage figures: 5.76%, 4.79% and 5.87%
with population densities of 5.65, 4.50 and 5.48, respectively, Figures
for both damage and population density became smaller. On the other
hand, a striking increase in these figures was observed in the following

n
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observation that took place on 25 Qctober 1966 — they were higher by far
than figures from the first and second tests: for damage 16.97%, 10.22%
and 13.76%, respectively, and for population density 13.49, 7.83 and 12.00.
The fourth observation took place on 15 November 1966; the amount of
damage was 17.25%, 12.50% and13,92%, while the population densities were
16,00, 12.27 and 13, 20, respectively.

According to the figures obtained from the above mentioned observations,
concerning both control plots and release plots, it is obvious that the second
observation yielded decreased figures for damage and population density.
Further observations yielded decreased figures for release plots and
inereased figures for control plots.

Before cane harvesting, observations were carried out once more
{Table III). Ob=servations at the release plois were performed on 14 March
1967 and gave the following damage figures: 32.49%, 35.6% and 37.8%,
respectively, while the population density figures were 15,12, 14, 71 and
14.53. Observation was carried out at the control plots on 24 March 1967
and yielded the following damage figures: 41,32%, 38.21% and 43, 86%,
respectively, while for population density the figures were 1912, 16_07
and 19_27,

In this last observation before harvesting (Table IV}, both method
and object were the same as for the preceding ones. The amount of
damage and the population density at the release plots were seen to be
nearly the same as at the control plots. The only difference was in the
appearance of the damage and it was obvious that the damage at the
control plots was caused by a lingering, gradual infection, while the
damage at the release plots was a new infection, which, for the greater
part, was caused by a new infestation afflicting the cane tops in most
cases,

4, DISCUSSION

Because of technical difficulties, this experiment was limited to
siudying the effect of sierile inseci release upon attack intensity and
population density. The data obtained were a means to compare the
observation figures at both release and control plots,

The distance between the release plots and the control plots was
about & km to avoid any effect caused by migration, since the maximum
flight capacity of the white top borer moth is + 1 km,

If the moths! flight capacity and the relalively small area of the
release plots (+ 0.5 ha) are taken into consideration, the release of
the sterile insects can be done in one enly area of each plot. In our
experiment the release was done in several areas to ensure that the
entire plot would be covered.

Both male and female moths were released to provide a possibility
for sterile female moths to mate with fertile males and thus reduce the
probability of fertile males mating with fertile females.

Not all released pupae became moths. The highest death rate was
found after the first release, partly because of the poor release technique
and partly because of weather disturbances.

Because of the fact that there was no constant supply o>f pupae to
be released, the number of sterile pupae did not always correspond
with the estimated population, as iz usually the case with such a release.
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Observations at release plots were only performed four times,
but five times at the control plots: the fourth observation at the control
plots was to ascertain whether there had been a repetition of the decrease

in both population and attack intensity as had been noted after the second
observation, The contrary was, in fact, observed; the fourth observation
yielded inereased figures, higher than those from any of the preceding
tests on both fields, for both attack intensity and population density,

The cbservations were carried out at different times because of the dif-
ference in the age of the sugar cane.

A complete mathematical calculation cannot be presented yet because
of the lack of repeated experiments. For the time being it should suffice
to say that we have comparatively increasing figures for control plois and
decreasing figures for release plots where both damage intensity and
population density are concerned.

5. CONCLUSIONS

The release of sterile insects caused a decrease in both attack
intensity and insect population density.

The decrease of attack intensity at the release plots after the second
observation was not so marked, but the decrease of the population density
was obvious. This was partly because of the fact that the infested plants
belonging to the first test were included in the second, while during the
second observation there were nol many new shoots,

The third observation at the release plois revealed a decreage in
loth damage and population density, while observation at the control
plots showed an obvious and steady increase in these figures.

Since the experiment has only been carried out once within one
growing peried of the sugar cane, it will be necessary to repeat the
experiment and to use improved release apparatus and more intense
observation methods. A second test will soon be under way.

It has been proved that a sterile insect release can be simply and
successfully carried out. If the second experiment yields positive
resulis, the method can be put inte practice soon on sugar cane plantations.

6. SUMMARY

Successful use of the sterile-male technique in controlling insect
populations was reported in several countries. Certain characteristics
of a candidate insect are important for the employment of this fechnique.
Since 1965, experiments have been performed at the Siate Sugar Academy
in Jogjakarta, Indonesia,to examine these characteristics in the white
top borer (Scirpophaga nivella F'.), a destructive sugar cane pest, and
to determine the suitability of the sterile-male method. Several important
characteristics were found suitable, namely, copulation ability did not
decrease after radiation, and rearing on an artificial medium is possible
for all life-¢ycle stages. Radiation at the pupal stage induced sterility
in the adult.

Preliminary experiments in & sugar cane plantation were performed
to determine the effect of released sterile insects upen attack intensity
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and population density. The number of released stérile insects approxi-
mately equalled that of the natural pepulation. Release was performed
at a tirne when sugar cane was susceptible to attack in an area which
had previously reported 10% annual losses due {o the activity of this insect,
Released sterile insects caused a decrease in both attack intensity
and population density. From the examinations carried out just before
harvesting, after the release of the insects had been terminated, we
found that the insect population density at the control plots as well as
at the release plots was roughly equal. This fact led us to the coneclusion
that the release of the sterile insecis will be effective in suppressing popu-
lation increase if it is done constantly. There is another fact that supports
this opinien, i.e. although the figures shown by the control plots and
the release plots just before harvesting are almost equal, the damage
in the release plots was to leaves only.
Thus, if we considered that damage caused by this pest to sugar
cane 10 months oid or older may be ignored, control could be accomplished
by releasing sterile insects during the sensitive period of sugar cane
growth. 1f, however, we want to destroy this pest completely, the release
of thé sterile insects must be done conetantly during the growing period of
the sugar cane.
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DISCUSSION

M. FRIED: Could you please indicate how large the treated plots
were, how far distant they were from the unireated plots, and what was
the ratio of sterile insects to native insects?

5. HATMOSOEWARNO: The treated plots were 0.5 ha each, and
the distance hetween them and the untreated plots was about 2.5 km.
The ratio of sterile insects to native insects was brought as close as
poseible to unity by calculation of the population density a week before
release of the sterile insects,

H. ERDMAN: If you were to eradicate S. nivella would you expect
greater damage from other insects? That is, on elimination of this
component irom the environment, will another species of insect pest
become more destructive? I believe that the possibility of species re-
placement should be investigated.

S. HATMOSQEWARNO: I think that other insect pests causing
damage fo sugar cane planiations in Indonesia are not nearly so important
as the white top borer, so that by controlling this pest we may reasonably
hope for inereased cane production. It should be borne in mind, however,
that this first experiment of mine was simply a preliminary one covering
only 1.5 ha, whereas by now I am working on a much larger area so that
the possibility of another destructive pest assuming prominence can soon
be thoroughly examined,
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Abstract

CONTROL OF ADULT PESTS BY THE JRRADIATION-OF-MALE METHOD. The Grosch effect
(. e., of radiation interfering with vtil{zation of nutrients in insects) became applicable to pest control
when Galun and Warburg discovered that iradiated ticks fed once would seldom ff ever feed again. This
lifelong sensation of "impletion' does not interfere with sexual competitiveness, but it does render hartmless
a pest that is a pest during the adulf stage of ils life cycle, It would seem that the general principle of
treating aduit pests to limit their feeding capacity could be extended to other pests. When insect pests are
living in stored food products, it is a general rule that desirably low levels of radiation can be used to
eradicate the pest if sterilizing doses rather than insecticidal doses are used, With the entive population
of both males and females being irradiated, the stesilizing dose is often much lower than that which would
be desirable when the insects are mass-reared for irradiation and release. Where mass-rearing techniques
are not feasible, or where the pestiferousness of adults cannot be overcome by radiatien or other treatmaents,
field -irradiation facilities in baited traps can be devised. These have some advantages over similat traps
contajning chemosterilants, Wherever it can be wsed, the method of mass-rearing, imadiation, and release
is still the most desirable way to contmol insect pests.

INTRODUCTION

The reliability of the irradiation-of-male method of insect control depends
upon four effects of radiation [1], each of which must be studied for the insect
under consideration, and each of which requires precise dosimetry . The first effect
is that dominant lethal mutations are induced in the sperm by radiation. A dose
of radiation must be used that induces dominant lethal mutations In more than half,
and preferably upward of 99%, of the sperm. The second effect is that
spermatogonial cells are killed by radiation. A dose of radiation must be used
that is high enough to eliminate repopulation of the testes with normal
spermatagonia by killing all of the spermatogonial stem cells. The third effect is
that sperm are inactivated by radiotion. A dose must be used that does not
inactivate appreciable quantities of the sperm of polygamous species. For
monogamous species, it does not matter whether the sperm are inactivated or
whether dominant lethal mutations are induced. The fourth effect is that males
are weakened by radiation. A dose of radiation must be used that does not
debilitate the effectiveness of irradiated males when they are competing with
normal males for the sexual attention of the females,

By o fortunate circumstance, for many insect pests the first two effects of
radiation coincide at a dose of rodiation below that at which the third and fourth
effects become critical . Further, it is unnecessary to determine ony of these or

* Research sponsored by the United States Atomic Energy Comnmission under contract with the
Unien Carbide Corporation.
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any other radiobiclogical parameters for females if the adult is not also a pest,
unless there is discovered the unlikely insect where the oogonia are less sensitive
than the spermatogonia and the females reproduce parthenogeneticaily.

IRRADIATION AND RELEASE OF ADULT PESTS

When only the fermale of & species is a pest, means for separation of the
sexes can be invented, and the standard irradiation-of«male procedures can be
used. The means of separation that have so ingeniously been devised comprise the
physical {e .g., by utilizing weight, size, or osmotic differences), the genetic
(e.g., marking the sex chromosome with a mutant gene for egg coloration), or the
tropistic (e .g., using sex attractants). If both adulis are pests, or the male alone
is a pest, the problem takes on new dimensions.

Grasch [2] wos the first investigator to demonstrate that the life-spon was
the same in starved and fed insects at doses above 100 kilorads, It could be
inferred that in both cases the Habrobracen juglandis (Ashmead) females starved
to death after being given large doses of radiation. The Grosch effect {i.e., of
radiation interfering with utilization of nutrients) became applicable to insect
control when Galun ond Warburg {3] made the epochal discovery that irradiated
ticks fed once would seldom if ever feed again, even at exposures of only 4000 R,
This lifelong sensation of "impletion" rendered harmless a pest that is o pest when
in the adult stage of its life cycle. Studies on other insects demonstrate that it s
not simple to apply this principle universally . Little [4] has shown that the
earwig, Chelisoches morio (F.), and the Mediterranean fruit fly, Ceratitis capitata
{Wiedemann), retained normal intestinal epithelium after they had been irradiated
with doses of 10 kilorads. Destruction of intestinal cells became obvious at 100
kilorads. On the other hand, Riemann and Flint [5] showed that when the boll
weevil, Anthonomus grandis Boheman, is exposed to 4000 R, the male-weakening
from destruction of the intestinal tissues proceeds much too rapidly for the
conventional irradiation-of-male procedures to be useful . :

The exhaustive analyses by Riemann and Flint, the Grosch effect, and the
phenomenon of Galun-Warburg impletion leave no doubt that killing the cells of
the intestine destroys the capacity to utilize nutrients. Clark and Rubin [6]
observed that Habrobracon serincpoe (Ramkr.) females that were fed on a diet of
honey and water died much later (92 days) than females given only paralyzed or
unparalyzed larvae of their host Ephestia kithniella Zeller (40 days). When
radiation was opplied at increasing doses, the life-spon decreased in both coses,
The honey-fed wasps always lived longer than the Ephestia-fed wasps, but the
percent decline at each dase was essentially identicel . This indicates that
nutrient utilization is declining in both cases to the same degree.

Work on mammals [7] has shown that rats become ravenous just before dying
from radiation-induced intestinal injury because the blood sugar becomes depleted ,
The level of glucose in the blood triggers the sensation of hunger in mammals .
That the phenomenon of Galun-Warburg impletion exists argues strongly for the
necessity of physiological studies on insects to determine the mechonism of the
hunger response . If irradiation of the intestine at doses suitable for insect control
does not curb the feeding instincts of an insect as Little has shown, or 1f
irradiation kills the insect at doses too low for insect control as Riemann and Flint
have found, then some other treatment with or without radiation might bring on
a permanent sensation of impletion; standard irradiation-of-male procedures
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could then be applied. Understanding the origin and control of appetite and
hunger in insects will open the woy to using the irradiation—of-male method on
ony insect pest.l

IRRADIATION OF STORAGE PESTS

When the pests are living in stored food products, it would be preferable
if relatively low doses of radiation were used. Radiation induces long-lived free
radieals in grain, and the toxicity, carcinogenicity, ond mutagenicity of these
free radicals have not yet been adequately evaluated, Since lower doses give
fewer free radicals, the lowest possible doses should be used to eliminate the
storage pests. For this reason, sterilizing doses rather than insecticidal doses
should be selected . Sterilizing doses generally are lower by for than insecticidal
doses .

Nature is helpful tco. The storage pest most suitable for the imadiation-
of-male method would have the following characteristics: The eggs are more
sensitive than the sperm, When these sensitive eggs are exhausted and the more
resistant cocytes follow, then the spermatocytes that are much more sensitive than
the sperm have matured to be sperm ready fo fertilize the eggs coming from the
resistant cocytes., A sterile period ensues for the male. By the time the
spermatogonia have regenerated, the much more sensitive oogonia have rendered
the females completely sterile. Since many insects conform to a pattem near to
the ideal of altemating maxima of radiation sensitivities for the male and female,
research with very low doses is worth frying for many insect pests. Further, the
combined embryo survival from lacking dominant lethal mutations is a multiple of
the sensitivities of the sexes at each stage of gametogenesis.

The principal storage pests that would give difficulty are the Lepidopteran
species. As arule, the Lepidopteran gametes are quite resistant to radiation [1],
and the insecticidal doses range beyond 100 kilorads. Minimum sterilizing doses
here well may be in the range of 20 kilorads or higher . At this level, one may
indeed guestion the desirabiliry of de-infesting foodstuffs with radiation. Another
characteristic of Lepidoptera that in one respect makes it an organism of choice
for the irradiation-of-male method is that adults of many species do not contain
genial cells, because gametogenesis is terminated during pupation .

The doses of radiation to infested grain can be made lower still if the grain
were to be flooded with oxygen at the time of irradiation. This would enhance
the radiation effect on the storage pests, probably without increating the amount
of free radicals in the grain.

IRRADIATION OF PESTS IN THE FIELD

Where mass-rearing techniques are not feasible, but where baiting can be
easily achieved, then facilities for irradiation in the field can be developed.
Such facilities to induce dominant lethal mutations have been developed for
alkylating agents {chemosterilants). It would seem that radicisotopes could be
s effective as chemosterilants in these traps. Even with strong B~emitting

! The mechanisms underlying the phenomenon of hunger are beginning to be understood in some
insects [cf. DETHIER, V. G.. GELPERIN, A., J.exp. Blol. 47 (2967) 191-200),
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isotopes such as sfrontium90 through its daughter yﬂ‘riumgo, the traps would not
need to have much more radiation shielding than a conventional chemosterilant
trap. With y-emitting isotopes, a considerable amount of radiation shielding
would be required.

One advantage of using radioisotopes in bait fraps is that they can be
contained upon a surface in such a way that the insect would not carry any of the
radioisotope away with him. Another advantage of using radicisotopes is that
they are easy to find with ion chambers, whereas chemosterilants are not easily
detectable . It is also likely that radiation-warning signs on the fraps would be
heeded because the public hos become educated to the dangers of radiation over
the last 20 years.

The disadvontages of such traps are the same as those for any trop or
field-applied insecticide. Mutants of insects that are not atiracted to the fraps
will be rapidly selected for in the population, and other possibly beneficial
insects may go into the traps.? The best method is still to mass-rear, irradiate,
and release .

OVERCOMING THE LIMITATIONS OF THE IRRAPIATION-OF-MALE METHOD

When the irradiation-of-male method is ineffective, it is usually because
the dose given is not high enough to prevent spermatogonial cell repopulation of
the testes, or because weakening of males occurs at a dose below that required for
inducing a high level of dominant lethality or gonial sterility.

The first case can be rectified simply by raising the dose of radiation. The
second case presents difficulties which are by no means inseluble, but which might
demand different solutfons for different species.

If dominant lethality is too low when male-weakening becomes critical, then
protracted (chronic) or fractionated doses of radiation can be given. In most
insects, dominant lethal mutations in sperm are not repaired between fractionated
doses of radiation or during protracted dases, whereas growing or dividing types
of cells are repaired. In this way, high frequencies of dominant lethal mutations
can be accumulated in the sperm and the animal will be stronger than when single
acute doses are given.

If the dominant lethal test is made on the basis of hatchability, the criterion
can be changed to adult survival since some of the dominant lethal mytations act
during the larval and pupal stages. Spermatocytes seem always to be more
sensitive than sperm; and by irradiating oppropriate pupal stages, a greater sperm
dominant lethality to male-weakening ratio might be achieved.

If the failure of the method lies with weakening of the males befere gonial
sterility is achieved, then protracted or fractionated radiation probably will not be
helpful . This is because gonial cells are capable of repair, largely through the
effect described by Kimball [8] where cells slowed in their rate of division by
radiation have mere time to repair their chromosornal damage before the mutations
are rendered permanent by cell division.

Nonetheless, dominant lethality can be induced in spermatogenia [9] as
well as oogonia [10] of certain insects, Thus, if the ratio of dominant lethal

? These disadvantages are avoided by the method of capture, irradiation, and release developed
by E Hotber (these Proceedings, SM-102/32).



SM-102/34 335

mutations fo total sperm from all matings over the lifetime of the male exceeds
0.50, the irradiation-of-male method will work despite spermatogonial
regeneration. It is well known that radiation given at appropriate times during
deveiopment will enhance the aging processes. It may be possible that irradiation
with low Jdoses at the right time of development could avoid male-weakening,
would induce many dominant lethal mutations, and might enhance aging in o
manner such that male-weakening could be established at approximately the same
time that gonial cell repopulation of the testes takes place. Finding an
appropriate "dominant lethal window" during development would require a lot of
research effort, but it would be worth a lot of effort to develop the frradiation=
of-male methad to control, for example, the boll weevil.

Grell [11] has made an inferesting suggestion based upon the observation
of Edington [12] that the radjoprotective substance AET does not protect Drosophilu
sperm from radiation-induced dominant and recessive lethality, Grell suggested
that if the boll weevil could be induced to feed upon it, AET might protect
intestinal tissue from radiation damage without affording protection to the
spermatogonia or the cells in different stages of spermatogenesis,

Finally, @s Knipling and others [13] have pointed out, if everything else
fails, partiai-body irradiation procedures could be developed and used to aveid
the male-weakening problem that occurs with certain insects. Since partial-cell
X-irradiation procedures have been developed for insect eggs by Ulrich and his
colleagues [14,15], it should not be too large an engineering problem to outomate
the process for objects thousands of times larger .,

Thus it would seem that with appropriate developments of myriads of
techniques, any insect pest is suitable for selection to be driven virtually to
extinction in infested areos by irradiating and releasing the pest. This assertion
halds true for all but the thelytokous species where females produce female
offspring parthencgenetically. Possibly even some of the thelytokous species may
be controllable by release of irradioted females if the phenomenon of "flushing"
described by Menro [16] operates effectively to drive out the pest simply by the
pressure of adult populations demanding " Lebensraum ¥

CONCLUSION

The three keys to the widespread applicability of the irradiation-of-male
method of pest contral are that it can work [17,18,19], that it can work on any
insect that reproduces sexually no matter how many times it mates [20,21], and
that there is no limitation of the method to larval pests, for some pests that are
pests as adults can be released affer irradiation without their necessarily causing
any domage [3]. This knowledge makes the irradiation-of-male method
justifiable as o research that is all at once basic, applied, and current. It is
an ideal type of project in radiation biclogy for investigators in countries where
research funds are limited, because it is easy, inexpensive, and applicable to
the often desperate needs of the country. Assistance from the United Naticns is
a necessity since an insect pays no attention to borders of countries and the
warlike individuals on both sides of them. The individuals in bordering nations
must often unite in their efforts to control the insect. As o peaceful use of atomic
energy, research on the irradiation-of-male method most nearly fits the appellation
of being fruly international in scope.
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DISCUSSION

D.S. GROSCH: I thank you for your recognition of my work. Per-
haps I should explain why, in our work, little attention was given to the
approach whereby radiation is used to interfere with the feeding of adult
insects, At the time of publication of the report in the Journal of Economic
Entomology much attention was being focussed on control of stored grain
pests. However, pure food and drug laws in the United States condemn
any grain or flour in which parts of insects, such as legs, wings, tergites,
sternites and so on, are found, and therefore this approach was considered
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impraciical, but now that it is proposed tc apply this technigque to ticks,
its future use seems promising.

R.C. VON BORSTEL: I'm pleased that you too are optimistic on this
score.

V. LABEYRIE: The females of Oryzaephilus surinamensis (Coleoptera:
Cucujidae) oviposit over a period of several months; virgin females do
not oviposit; the males induce ovipositing by mating, Females mating
with non-virile males lay eggs which are sterile, but if, after 30 days of
non-productive ovipositing, these females are put together with virile
males they are found to lay fertile eggs. This shows that a second mating
can cause ovipositing of fertile eggs when the first dose of spermatophore
is incapable of fertilization, It is thus guite feasible that females first
mated with males whoge sperm has been destroyed by irradiation may yet
be fertilized by normal males.

R.C. VON BORSTEL: Thank you for this information. Dr. Gomez-
Nunez told me of his evidence with Rhodnius indicating that inactivated
sperm cannot compete with normal sperm, but it is certainly known from
work on several other species that 'lethal' sperm do compete,

D.T. NORTH: I would like to comment on several of the points you
made. First, when considering the possible use of aspermic males to
reduce the reproductive potential of a population of a polygamous species,
it must be remembered that these can only reasonably be effective where
the density of population is such that the average number of matings per
female is low, i.e. 1.0 or below. In other words, the effectiveness of
a released sterile male is dependent on the probability of his being able to
reduce the reproductive potential and this varies with each type of
population.

Secondly, I should like to mention that data do exist on the problem
of radiation~induced destruction of the gut in the boll-weevil. When
dealing with an insect species in which the adult causes destruction, a
short-lived and effective sterile male may well be an advantageous pro-
position. 1T should also like to point out that your suggestion on the use
of radioprotective agents like AET has been put to the test in our labora-
tery by Dr. H. M. Flint, with no success. He found, furthermore, that
by virtue of its mode of action a protective agent may well protect the
sperm from induction of dominant lethals, thereby leaving the problem
unsolved. With regard to your proposal to shield the gut whilst irradiating
the testes [ refer you to a paper by Riemann and Flint (Riemann, J.G.
and Flint, H.M., TIrradiation effects on midguts and testes of the
adult boll weevil, Anthonomus grandis, determined by histological and
shielding studies, Ann.ent.Soc.Am. 60 (1967) 298-308) published in 1967,
in which they demonstrated this effect and showed that the gut was in too
close a proximity to the testes for the method to be practicable.

2
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Abstract

RADIATION SENSETIVITY AND REPAIR OF CHROMOSOMAL DAMAGE, If the sterile-male technique
in pest control is used, it is importaot for imradiated sperm to have a dominant lethal effect. in Drosophila,
sperm and spermatogonia are radiation resistant cells compared with spermatids and spermatocytes, After
2 moderate radiation dose, the male might be fertile for several days arnd then go through a sterile period,
Fextility is regained when cells that wére spermatogonia during the rime of irradiation are available for fertili-
zation. It is therefore important for the {rradiation dese to be lethal to all spermatogonia so that no re-
popuiation of spermatogonial celis can occur. It should be possible to find a radiation dose which renders
insects sterile without impairing cheir mating behaviour and vitality., The radiation dose can also be adjusted
by changing internial or external environments during irradiation.

1, INTRODUCTION

Our knowledge of mutagenicity has greatly increased in the 40 years
that have elapsed since Muller [1] discovered that ionizing radiation in-
duces mutation, A little is known about how chemical mutagens act at
the molecular level, and we have some idea how ulira-viclet radiation
produces mutations, Withregard to ionizing radiation, our knowledge of
the molecular changes that lead io inter- and intragenic changes is still
very limited. Amgng the many unsclved problems is, for example, the
molecular structure of chromosomes in eucaryotes, whether they consist
of single or multi-stranded DNA, and how the nuclecproteins are arranged.

2, STRAIN DIFFERENCES IN RADIATION SENSITIVITY

Radiation sensitivity varies greatly between organisms, strains, celltypes,
and cells in different stages of deveiopment. Ogaki and Tanaka [2], who
studied the survival rate of various Drosophila strains, found the LDgg
for females in two wild type strains to be avout 150000 R, while for the
females in two mutant strains it was 120000 R. The LDy, for males was
somewhat lower, 130000 and 100000 R, respectively. Radiation resistance
was shown to be dominant, and mostly controlled by the third chromosome.

The mutability of 13 related strains and 17 unrelated strains of
Drosophila melanogaster exposed to X-ray treatment was investigated by
Strgmnees [3]. He found significant differences in mutability between
strains, and it was suggested that some strains have genotypes extra-
sensitive to irradiation, and that there are both fairly homogeneous and
heterogeneous strains in this respect. These data are strongly supported
by data published by other investigators [4-6], Further tests were per-
formed by Str¢gmnaes [7], who made 11 repeats over a period of 4 years at
two different institutes on two different strains, Iso-Amherst and Oslo.

341
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FIG. 1. Sensitivity pattemns for two wild type strains of Drogophila melanogaster. The upper two curves re-
present dominant lethals (Strgmnaes[81), and the lower two curves represent recessive sex-linked lethals
(wWard and Bird {13]).
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FIG.2, Hatchability of eggs fertilized by spenn from males irradiated at different ages. The lines indicate
the general trend given in the data by ———Dempster [14), ---~== Strgmnaes [15], and --—--- Sonnier
and Lilning [161,

The higher mutation frequency was cbserved in the Oslo strain, and it
was later shown [8] that the two stocks also have different brood patterns,
That a difference in radiation sensitivity also exists between strains of
Escherichia coli has been demonstrated by Hill {9]. She showed that
Strain Bg is much more sensitive to X-rays than Strain B. Strain By was
derived from Strain B by u.v. treatment, and it is therefore most likely
that the difference in sensitivity to X-rays is caused by a u_v.-induced
mautation. In yeast, homozygosity for the mating-type gene leads to
higher sensitivity to ionizing radiation than heterozygosity [10], and there
are isolated radiation-resistant [11} and radiation-sensitive mutants[12].
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Ward and Bird [13] irradiated males of the same two stocks as
Strdmnaes [8] had used, and scored the rate of sex-linked recessive le-
thals on days 1,3, 5,6, 7, 8, 9 and 11 after irradiation. Their data strongly
supported those found by Str¢mnaes (Fig.1). Ward and Bird also inves-
tigated cytochrome C oxidase activity and found it to give two different
patterns in the two strains. Their conclusion is that the difference in
radiation sensitivity between the two strains cannot be explained on the
basis of a protective effect of the cytochrome system alone. To explain
the entire sensitivity pattern of the two strains, the operation of two

other factors besides the enzyme mentioned is necessary.
Thus, different strains can have different sensitivity to irradiation,

which may also be reflected in their brood pattern, Investigations by
Dempster [14], Strgmnaes {15], and Bonnier and Liining [16] demonstrate
that the mutation frequency is dependent on the age of the male af the time
of irradiation (Fig,2), The sensitivity increases with increasing age of
the male. A similar effect was found when eggs were aged [17],

Bonnier and Liining [16] also observed a decrease in hatching rate
with increase in time from irradiation to fertilization.

3 RADIATION SENSITIVITY DURING SPERMATOGENESIS

Harris [18] employed mating periods of 4 days and found a drop in
sex-linked lethals in the brood coming 12 to 16 days after irradiation.
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Auerbach [18] started using constant mating pericds of 3 days and found
the highest rate of sex-linked recessive lethals in brood C, which is in
good agreement with Lining's [20] observation.

3.1. Dominant lethal mutations

With the introduction of 24-hour mating periods a much more detailed
picture was obtained of the radiosensitivity of the different cell stages of
spermatogenesis. The lack of hatchability of eggs fertilized by irradiated
sperm has usually been referred to ag dominant lethals, From such
studies it was evident that from the 5th day after irradiation there is a
marked increase in the frequency of dominant ethals, with a maximum
between the 6th and 10th day followed by a decrease on the 11th day [18,
21,22, 23, 24, 25) (Fig.3). .

3.2. Recessive lethal mutations

For other types of induced genetic damage such as sex-linked lethals
[26-28], an increase in frequency is observed from the 4th day with the
peak reached 8 to 7 days after irradiation, followed by a sharp decrease
on the 8th day, A similar sensitivity pattern is reported for autosormal
recessive lethals {26].

3.3. Non-digjunction

3till ancother method of studying induced genetic damage is to study
losses of paternal sex chromosomes and non-disjunction as a simultaneous
loss of paternal X and ¥ chromosomes. Sidvhagen [29] performed such
a study and found non-disjunction to be highest in sperm available for
fertilization 7 to 10 days after irradiation. She concluded that these
cells had been in early meiosis, prior to anaphase I, at the time of
irradiation,

3.4. Recombination

Another way of determining meiosis is by studying the products of
crossing over in successive broods. If crossing over occurs in first
meiotic division the recombinants should oceur singly, but occur in
bundles if they are the result of mitotic crossing over., Savhagen [30]
found only single recombinants in sperm ready for fertilization on the
7th and 8th day after irradiation, mostly singly, but occasionally also
bundles of identical recombinants on the 9th to the 11th day, and on later
days clusters of crossovers were frequently observed, This means that
sperm available for fertilization from the 12th day on must have been
irradiated as spermatogonia. The conclusion is in general agreement
with observations made by other investigators [26, 28, 31, 32, 33, 34].

3.5, Translocations

For autosomal translocations, véery much the same sensitiviiy pattern
has been found as for sex-linked recessive lethals. Thus, the peak is
reached on the 6th day followed by a sharp drop on the 8th day after irra-
diation [27, 35, 36].
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3.6. Conclusion

¥From sensitivity patterns of the types mentioned, the conclusion can
be drawn that sperm available for fertilization the first three days after
irradiation of mature males must have been mature sperm at the time
of irradiation, Sperm available in the next two days must have been irra-
diated as spermatids, and the sperm available from the 6th to the 10th
day must have been spermatocytes; sperm coming on later dates must
have been irradiated as spermatogonia,

The broed pattern may vary somewhat depending on the strain used,
the age of the males, the mating procedure, and perhaps the irradiation
dose [37]. Besides, there are variations between individual males; and
the possibilily exists of mixing of sperm fromdifferent stages of deveiop-
ment during irradiation, Thus, sperm sampled 8-10 days after irradia-
tion may have been irradiated either as spermatocytes or spermatogonia.

4, SENSITIVITY OF SPERMATOCYTES

A special study of induction of mutations in spermatocytes was per-
formed by Chandley [38]. She found a high frequency of recessive sex-
linked lethals on days 5, 6§ and 7 after irradiation and then a low frequency
on day 8. For translocations the high rate was observed 5 and 6 days
after irradiation with a decrease on day 7 and a low level on day 8. The
highest frequencies of dominant lethals were observed on days 6,7 and 8
after irradiation. The induced frequency of crossing over and hyperploid
females were low on day 5 and increased on later dates, reaching peak
value on day 8. Her data and interpretations are in general agreement
with those published by other authors, and alsc her conclusion that:

'one should mever talk loosely of a 'sensitive' or 'insensitive' stage
without indicating what type of mutation is under consideration.

5, SPERMATOGONIAL SENSITIVITY

A low frequency of mutation is observed in sperm irradiated as
spermatogonia. Mutations involving gross chromosomal aberrations
will most likely be eliminated during meiosis. Qakberg [39, 40] found
the chief radiation effect to be killing of most of type A spermatogonia
and all intermediates and type B spermatogonia, Oftedal [41] suggested
that for Drosophila two spermatogonial components exist that have different
mutability and viability sensitivity in regard to X-rays, The salivary
glands of successive broods of irradiated males were studied by Slizynska
[42]. She locked for changes such as translocations, inversions, deficien-
cies, repeats, duplication, and loss of the 4th chromoeosome. All males
seern to exhibit the same sensitivity when the sperm and spermatid stages
are irradiated. However, the spermatogonial stage discloses a hetero-
geneous population of males; some have spermatogonia that are extra-
sensitive to X-rays, while others have spermatogonia that are insensitive,
Slizynslka explains this variation in sensitivity in spermatogonia by the
presence or absence of spermatogonial mitosis,

MecCarthy and Nafei [43] found no males with extra-sensitive sperma-
togonia, That spermatogonia in mice constitute a heterogeneous popula-
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tion has been verified by Nebel, Coulon and McWhinnie [44], They found
that spermatogonia of type B are more sensitive than type A, but within
the latter the stages G; and S are exira-sensitive. Thus, it may be more
correct to talk about a population of cells with sensitive stages in a normal
cell cycle, than to talk abouf a heterogeneous population of cells.

6. SPERM SENSITIVITY

6.1, Within males

Sperm available for fertilization on the first two days after irradiation
has been studied intensively. It has been known for some time [45] that
when males 3-4 days old are irradiated, the second-day sperm has a
jower mutation frequency than the first day sperm, This led to a discussion
of whether differential sensitivity existed, or if recovery from damage of
the genetic material occurred from one day to the next [46-50}. The con-
clusien reached by Nordback and Auerbach [51] was that recovery occurs
from intergenic as well as intragenic damage tc the genetic material,
Traut [52] comes to another conclusion, namely that differential sensiti-
vity exists rather than recovery of geneiic damage from one day's sperm
to the next, This view is also held by others [53, 54], who believe that
mixing of sperm of different sensitivity can occur in testes after irra-
diation. Miiller [55] supports this view and says that the mixing groups
of sperm are characterized by different degrees of oxygenation, an inter-
pretation that is credited to Oster. Muller also reviews pertineni papers
by others.

In discussions on induced mutation frequency in first-versus second-
day sperm,the gge of the male at the time of irradiation is of the utmost
importance, Khishin [56,57] demonstrated that the first motile sperm in
males of the Oregon-K stock was ohserved 7 £ 1 hours after eclosion,
Strgmnses and Kvelland [58] studied in more detail the sexual activity of
Drosophila males, and found that older males are capable of mating more
times than younger males in a twelve-hour period. The older males are
able to produce maore offspring than the younger ones as well as a larger
total per fertile mating. Furthermore, a 12-hour celibacy period is
sufficient to bring the amount of sperm available for fertilization up to
the amount available in males of the same age but previcusly not mated.
(For more details see also Refs [59-63]). That second-day sperm may
have a different sensitivity to irradiation than first-day sperm seems to
be brought out by the data published, However, when it comes to males
withheld from mating for one day, mixing of first- and second-day sperm
should be more pronounced in young than in old males,

If single ejaculates are studied, much more detailed information about
mutation sensitivity in mature and nearly mature sperm should be obtained.
Mossige [64] performed an experiment where mating was observed and
the frequency of mutation in sucecessive ejaculates studied. She found that
the frequency of sex-linked lethals decreased in consecutive matings for
a period up to about 24 hours when 0-4-hour-old males were irradiated.
¥or 2-day-old males there was a decrease in frequency with time up to
9 hours. In T-day-old males there was a decrease from first to second
ejaculate and no further decrease, Mossige irradiated the males in air,
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oxygen and nitrogen, and from these data she concluded that the decrease
observed Is due to a difference in oxygen sensitivity and o recovery with
time for mature sperm from males up to 2 days old. Str¢mnaes and
Kvelland [60, 66] studied the frequency of induced Minutes, sex-linked
lethals, and {ranslecations in successive ejaculates during two twelve-
hour periods separated by a twelve-hour male celibacy period. The
males ot the time of irradiation were 0-2, 12, 24, and 72 hours old, For
sex-linked lethals and translocations there were significant differences
in mutation frequency between male age groups in the first 12-hour
mating period after irradiation, while the variation between age groups in
the second mating period was insignificant. Furthermore, by testing
successive sperm ejaculates, it was possible to determine the time when
sperm of iess sensitivity became available, This was found to he availa-
ble earlier in very young males than in older males, Similar results were
obtained by Lilning [67] who found that a change in mutation frequency
occurred after 4 hours for males irradiated when 0-24 hours old, while
no change in mutation Irequency was found the first 12 hours after irra-
diation of 3-4-day-old males {see also Ref. [64]).

Differential mutability and recovery from irradiation damage in the
different male germ cell stages and individual ejaculates have also been
discussed by Lefevre and Jonsson [68] and Lefevre {69],

Whether differential sensitivity and/or recovery with time operate
in mature or almost mature sperm is difficult to determine, since ejacu-
late scquence is not independent of time. However, we have now a sub-
stantial amount of data which are being tested by partial correlation ana-
lysis, and we hope the result will shed more light on this question,

If recovery is going on in male germ cells and is contrelled by a
protein, lowering the metabolism should affect the induced mutation rate,
This problem was studied by Wedvik and Strgmnaes [70] and Sollunn and
Strgmnaes [71]. They found certain changes in the brood pattern for
3-day-old males, Thus, the frequency of dominant lethals is higher in
the seven first broods for the males irradiated at 7°C than for those irra-
diated at 22° C, and no statistically significant differences were observed
for later broods.

When irradiation is performed at 0°C and 22°C, brood comparisons
for the three first broods always reveal a higher frequency of dominant
lethals and recessive sex-linked lethals at 0°C than at 22°C, Variation
between first and second brood is significant for sex-linked lethals atboth
temperatures and only at 22°C for dominant lethals. These results are
compatible with a repair enzyme systen: thai is operative in sperm and
spermatids at room temperature but is inactivated at 0°C. Apparently,
the enzyme acts on the breakage restitution process (dominant lethals),
and does net affeet noticeably recessive sex-linked lethals,

6,2, Within females

Bonnier and Liining [72] were the first to observe that sperm irradiated
in females is more sensitive to irradiation than sperm treated in the male,
Data supporting this finding were published by Abrahamson and Telfer[73].
Traut [74] found that irradiation of inseminated females gave no higher
mutation frequency in the sperm than was found after irradiaiing sperm
in the male, and Lefevre [73] came to the conclusion that sperm irradiated
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in the male exhibits a detectably higher mutation frequency than ihat irra-
diated in the female. It was believed [76] that when sperm is irradiated
in the male, pre-existing detrimentals may act synergistically with in-
duced ones to give completely lethal chromosomes, while this effect is
absent with sperm irradiated in the female. However, more recent ex-
periments by Lefevre [77] show that there is a more highly significant
reduction in mutation frequency in the female genome when both paternal
and maternal genomes are irradiated than if only the female genome is
irradiated, This is valid for mutations discovered in eggs laid the first
four days after irradiation, but not for eggs laid later, which indicates that
in relatively mature germ cells there is preferential elimination of chro-
mosomal aberrations by an interaction of the two irradiated genomes,

Lefevre [78] reinvestigated the effect of irradiation of fully mature
sperm in the male and in the female. He found a reduced frequency of
hyperploid males and sex-linked recessive lethals when inseminated fe-
males rather than males were irradiated. Lefevre favours the idea that
the difference in observed mautation frequency is caused by elimination of
sore zygoies when both genomes are irradiated, and sees no reason why
the sperm should have a different sensitivity in the two environments or
should be preferentially repaired when irradiated in the female,

7. ALTERATION Of THE ENVIRONMENT

Radiosensitivity can be influenced by alterations in external and in-
ternal environment before, during or after irradiation, Alterations of
this type also influence the mechanism of repair from genetic damage.
Several review papers and books on the subject have been published lately
[79-82]. Repair and radiosensitivity phenomena in Drosophila were
studied in considerable detail by Scbels and coworkers (see reviews by
Sobels[83-85]). One of the interesting findings is that when Drosophila
males are exposed to a high dose-rate of X-rays under anoxia, a reduction
in the frequency of recessive lethals and translocations is found in sperma-
tozoa when the post-treatment is N, but when the post-ireatment is Oy
the reduced frequency is observed in early spermatids, The same result is
obtained when spermatozoa are irradiated in females or spermatids in
24-hour-old pupae. Itis suggested that the post-radiation effects in both
types of celis arise from enzymatic repair of potential lesions, Sobels
thinks that in sperm both glycolytic enzymes and RNA or protein synthesis
are involved in the repair process. For repair to occur in early sperma-
tids, oxygen is needed, and a reduction in mutation frequency is observed
when inhibition of RNA and for protein synthesis occurs,

Dickerman [88] studied the induction of dominant lethals by irradiating
Drosophila wvirilis obcytes in different gases. The gases used were air,
argon, helium, methane, carbon monoxide, and oxygen. He found that
the frequency of dominant lethals induced in Stage 7 and Stage 14 obcytes
increased with increased oxygen tension during irradiation, The data in-
dicated a protective effect of argon, methane, and helium. Since methane
is a lipid soluble gas, it is suggested that the oxygen site is a lipid fraction
of the cell, Dose effect curves showed that Stage 7 obeyies are much more
resistant than Stage 14 odcytes, The explanation given for this is that
Stage 7 olicytes are metiabolically active and able to repair chromosomal
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damage in a short time, while Stage 14 obcytes are less active, but when
fertilized, go rapidly through meiosis whereby chromosome movements
make restitution less likely,

Induced deominant lethality in odeytes has also been studied by Rinehart
[87]. His conclusion is that in Stage 7 oBeytes there is an oxygen-dependent
repair system. The repair system is degraded in the absence of oxygen,
but regenerates again when oxygen is administered. Rinehart thinks this
repair system is inoperativein Stage 14 obcytes until after fertilization,
This, together with chromosome movements, is part of the explanation
why sensitivity is greatly increased in Stage 14 ofcytes as compared with
Stage 7 obeytes,

8, THE BASIC LESION AND ITS REPAIR

Information about radiation sensitivity and repair can also be obtained
by employing dose fractionation. One might expect that the mutation fre-
quency would be the same for the same total dose no matter how the dose
is delivered. However, Sax [88, 88] showed that the yield of chromosome
aberrations for low LET given in two equal fractions depends on the time
interval between the fractions, The usual explapation is that radiation-
induced breaks have a certain lifetime within which they can interact and
produce exchanges, If there is not a second break within rejoining dis-
tance the break may restitute, Thus, as the time between radiation frac-
tions is extended fewer breaks will be available for the formation of ex-
changes.

Savage [90] distinguishes between 3 types of sites which can have 2,

1 or no exchange lesions, Exchange can take place ai sites with 2 lesions,
while sites with one lesion may undergo restitution. This will lead to di-
minished interaction which can alsoc be achieved by inactivation of sites,
Savage found that the yield of chromosome exchanges is less than simple
additivity of the yield of the two doses given independently, when the second
dose is given at a time when exchanges with lesions produced by the first
dose are minimal. This is consistent with the idea of repair or resti-
tution of potential exchange lesions, but the data cannot exclude the possi-
bility of dose-dependent inactivation of sites,

Evans [91] presents the hypothesis that radiation does not produce a
direct breakage of chromosomes, but induces lesions that are initially
unstable. These lesions become stahilized, and, some hours after irra-
diation, undergo repair, The repair may be analogous to that found in
certain micro-organisms exposed to ultra-violet light or alkylating agents
and may involve the excision of the damaged zone and the resynthesis and
polymerization of new chromosome materials, Chromosome aberrations
are therefore suggested to be a consequence of mis-repair {cross poly-
merization} involving two lesions, Savage suggested that regions that
have not undergone repair in interphase appear at mitosis as non-staining
gaps in the chromatids. Evidence is presented that single or paired gaps
showing linear and dose-squared kinetics are repairable lesions, and
that the majority of gaps are repaired as a consequence of DNA synthesis.

The best evidence published so far that irradiation breaks chromo-
somes by breaking the DNA has been published by von Borstel, Miller and
Carrier {92, 93], They irradiated amphibian lampbrush chromosomes in
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intact odcytes, in isolated nuclei, and irradiated the isolated chromosome
sets. In this way, they were able to demonstrate that chromosome breaks
are induced by direct action of X-radiation rather than via some cell
structure.

Kirby-Smith and Randolph [94] suggested that X-ray-induced damage
is in the protein part of chromosomes, while u,v. damage is in the DNA,
Furthermore, data presented by Chu [95] also indicate that protein
synthesis is necessary in repair of chromosome damage. Revell {o6]
advanced the idea that the chromosomes get activated spots, which, when
located close encugh to other such spots, break and rejoin to form ex-
changes, Wolff [97] disagreeswith Revellon the point of activated spots,
and believes an actual break is produced at the time of irradiation. With
regard to restitution, Wolff (98] finds that fractionation of dose with a
protein synthesis inhibitor present will inhibit the restitution of chromo-
some hreaks in the interval between radiation doses. FUdR, which in-
hibits DNA synthesis, has no effect on the restitution process. Wolff[99]
says that repair occurs in those parts of the cell cycle where no DNA
synthesis takes place, and that the bonds formed in chromosome rejoining
are proteinaceous. Thus, there seems to be substantial evidence that
restitution of breaks is dependent on proiein synthesis. It has not been
demonstrated that DNA synthesis is going on at the same time, but this can-
not be completely excluded.

Since restitution is dependent on protein synthesis, it is likely that de-
fects in proteins may lead to chromosome breaks. It is known that the
metabolic inhibitor parafluorophenylalanine (pFPA) can be buili into pro-
teins. A recent study by Str¢gmnzes [100] of the mutagenic effect of pFPA
in Saccharomyces shows that pFPA induces crossing over, translocation,
inversion and monosomics, The effect of pFPA is believed to be through
incorporation in proteins necessary for chromosome integrity and disiribu-
tion or DNA duplication,

Some interesting preliminary data on the effect of different doses of
irradiation on the survival of yeast cells have been obtained by Str¢mnaes
and Mortimer (unpublished). These data show that for low dosages there
is a drop in survival frequency, while higher dosages give a higher sur-
vival frequency until such dosages where ihe survival frequencies again
decrease, The explanation may be that a certain irradiation dose is ne-
cessary to activate a radiation-protective enzyme system, Thus, lineari-
ty for low doses would not be expected. Calkins [101] operates with two
types of recovery systems of which one, the T system, does not operate
after low doses, but does operate at higher doses, and may thus be similar
to what we believe to have found, Calkins says that activation of the T
system requires radiation damage or some equivalent stimulus. If a
radiation dose of a certain size is necessary to stimulate a repair en-
zyme system, this may be the explanation why Shiomi [102] finds no
significant difference between first- and second-day sperm treated with
1000 R, bui observes a significant difference after treatment with 2000 R,
3000 R, and 4000 R. He studied sex-linked lethals and translocations.
Sankaranarayanan {103} found no significant difference between nitrogen
and oxygen post-treatment iu the frequency of dominant lethals induced
by 4000 R of X-rays under anoxia. Sankaranarayanan thinks only a small
fraction of the dominant lethal damage is capable of being repaired, while
the major portion is irreparable.
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DISCUSSION

R:C. VON BORSTEL: It would appear that meiosis proceeds more
slowly in the radiation-sensitive strain. Do you believe that there may
be a correlation between these two characteristics?

O. STROMNAES: Yes, developmental rate may well be partially
responsible for the difference in radiation sensitivity.
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Abstract — Résumé

COMPARATIVE 5TUDY OF THE EFFECT OF GAMMA AND NEUTRON IRRADIATION ON THE REPRO-
DUCTIVE ORGANS OF THE MEDITERRANEAN FRUIT FLY Ceratitis Capitata Wied. (DIPTERA:TRYPET IDAE).
Plant radicbiology studies have demonstrated that plants grown from grains exposed to neutron irradiation
show, for & given survival rate, greater sterility than those grown from grains exposed to gamma rays.

It therefore seemed of interest to detezmine whether the same phencmenon occurs with insects, with a view
to making use of it for pest control.

Treatment with gatnma rays at sterilization doses (more than 3 krad) inhibits ovogenesis; at sub-
sterilizacion doses a varlable number of ovaricles may show normal development. In the male, at
higher doses (8-10C krad), the spermarozoids formed rematn notmal and the testes rerain their nspal appearance,
but spermatogenesis i3 greatly reduced,

Irradiation with nteutrons by exposing pupae in a reactor core causes quite different effects. Relatively
high doses of the order of 1000 rad inhibit the development of the gonads and leave the male with a residual
fertility which is very weak or non-existent, the testes being atrophied by progressive reduction of the region
containing spermatocytes and spermatogonia. In the females, the ovary appears as an undifferentiated
mass. At lower doses, the fernales show a typical development of certain ovaricles, resulting in the for-
mation of morpholegically abnormal eggs; histological studies show an aberrant disposition of the viteHine
cells, and varfous abnormalities.

EFFETS COMPARES D'TRRADIATIONS AUX RAYONS GAMMA ET AUX NEUTRONS SUR LES ORGANES
REPRODUCTEURS DE LA MOUCHE MEDITERRANEENNE DES FRUITS Ceraziris capitata Wied. (DIPTERA:
TRYFETIDAE}, Des études de radiobiclogie végétale ont montré que les plantes issues de graines irtadices
aux neutrons présentent, A survie &gale, uce plus forte stérilité que celles provenant de graines ayant regn
des rayons gamma. Il paraissait done intéréssant de techercher si le m&me phénom2ne se produit chez les
insectes, en vue de son application 3 la lutte contre les ennemis des cultures.

Le waiterment aux rayons gamma 3 des doses seérilisantes {plus de 3 krad) provoque chez la femelle
un blocage de 1*ovog&ndse; anx doses substériliszntes un notmbre variable dlovarioles peut moateer un
développement normal. Chezle méle, 3 des doses plus Slevdes (8 3 10 krad) les spermatozoldes formés
restent normaux, mals 1a spermatogéndse est trés fortement ralentie.

L'irradiation aux nentrons par exposition des pupes dans une pile a des effets assez différents. Des
doses relativement fortes, de l'ordre de 1000 1ad, induisent un blocage du développ des g
et laissent chez le mile une fertilité ré&siduelle trds faible on nulle: les resticules s'atrophient par réduction
progressive de la zone A spermatocytes er 2 spermatogoniesy chez )a femelle 1'ovaire apparalt comme une
masse indifférenci®e. Avecdes doses plus faibtes les femelles présentent un développement atypique de
certaines ovarioles aboutissant 3 la fortnation dlesufs morphologiquement anormaux; 1*étude histologique montre
une dispesition aberrante des cellules vitellines et diverses anomalies.
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1, INTRODUCTION

Li'efficacité biologique relative des neutrons sur des insectes a €1é
mesurée par plusieurs auteurs. Les résultats, fond&s soit sur des me-
sures de DL50, soit sur des mesures de taux de mutation, donnent des
valeurs allant le plus souvent de 1, 76 & 4 environ [t-6]. ©On doit donc
s'attendre A ce que llaciion des neutrons soit plus efficace que celle des
rayons gamma pour obtenir la stérilisation d'insecies; ou encore que,
pour obtenir le méme taux de stérilité, il faille employer une dose moins
forte d'irradiation aux neutrons qu'aux raycons gamma.

Nous savons par ailleurs que, chez les végétaux, l'aciion comparée
des rayons et des neutrons montre, i faux de survie égal, une stérilité
beaucoup plus élevée chez les plantes provenant de graines traitées aux
neutrons [7-9]. L'action des neutrons sur les plantes est d'autre part
assez régulidtre pour permettre la mise au point d'une technique de dosi-
métrie biologique; celle-ci est fondée sur la mesure de la premikre
feuille des plantules issues de graines d'orge irradiées seches [10-12].
Etant donné la difficulté de mesurer directement la dose d'irradiation
en neutrons regue dans un réacteur par du matériel biologique, il parais-
sait intéressant de comparer dans ces conditions 1'action biologique sur
les grains d'orge et sur un insecte, ici la mouche méditerranéenne des
fruits Ceratitis capiiata Wied.

Enfin, il nous paraissait également intéressant de comparer, sur
C. capitata, l'action des rayons gamma, déji partiellement &tudiée (3],
et des neutrons sur le développement &t la structure des gonades. Clest
d'ailleurs sur ce dernier point du programme en cours que les résultats
les plus nets ont &t& jusqu'a présent enregistrés.

2. TECHNIQUES

Les pupes de C. capitata destinées & &tre irradiées proviennent d‘un
élevage permanent de la Station de zoologie de Montfavet,

Les irradiations sont pratiquées, pour les rayons gamma dans un
irradiateur au cobalt-60 de 1200 Ci donnant un débit de dose de 1000 rad/min,
et pour les neutrons dans un réacteur de type piscine, la pile PEGGY,
de faible puissance (inférieure & 1 kW), le combustible &tant de l'uranium
enrichid 90%. Ces installations se trouvent au Centre d'études nucléaires de
Cadarache.

Les &chantillons biologiques préalablement emballés dans des sachets
de polyéthylene soudés sont plongés dans l'eau du réacteur, au contact
de 1'écran de protection du coeur {dans le premier centimdtre d'eau le
flux neutronique est de 5+109 n em-2 s-1 quand la puissance du réacteur
est de 300 W). :

Les pupes ou les graines d'orge sont €talées sur des plaques pour
que 1'épaisseur de l'ensemble ne dépasse pas 1 em. Dans ces conditions,
la dosimétrie biclogique avec l'orge a montré qu'une dose de 750 rad environ
était atteinte en 12 min d'irradiation.

Les pupes irradiées sont ensuite mises en Eclosion i la Station de
zoalogie de Montfavet. Les insectes &clos soni examinés quant A leur
vitalité, leur fécondité et leur fertilité; leur dissection et l'examen his-
tologique des gonades permet de comparer l'action des rayons gamma et
des neutrons.
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3. HISTOLOGIE DES ORGANES GENITAUX

3.1, Organes génitaux miles

Les organes génitaux du méle sont formés par deux testicules glo-
buleux, de forme ovalaire, de 470 um de longueur sur 180 g¢m de diam¥tre
en moyenne,

Chez 1fadulte méle & 1'émergence chaque glande génitale contient de
nombreux cystes & spermatogonies et & spermatocytes ainsi que de nom-
breux faisceaux de spermatides et de spermatozoides.

Au cours des treis premiers jours de la vie imaginale la partie in-
férieure du testicule va se différencier progressivement en une zone con-
tenant uniquemeni des spermatozoides individualisés. Cette sorte de
poche représente alors la moitié environ de la taille de Iorgane génital
entier, ce dernier ayant atieint sa structure définitive.

3.2. Organes génitaux femelles

Les organes génitaux de la femelle & 1'@mergence sont représentés
par deux ovaires méroistiques polytrophiques de 270 pm de longueur en-
viron, qui présentent la structure histologique suivante: d'une part le ger-
marium constitué par la partie apicale des ovarioles contenant les ovogonies
et les cellules folliculaires; d'auire part le vitellarium ob s'effectuent
la division et la différenciation des ovogonies en préovocytes et cellules
vitellines pour former les follicules ou cytoblastes. A ce stade, chaque
ovariole contient deux et quelquefois trois follicules A la suite les uns des
autres et de taille croissante.

De 24 A 48 h aprds 1'émergence on commence i noter une légdre
augmentation de volume des ovaires et & partir du deuxidme jour la crois-
sance se déclenche de fagon trés rapide. Chez les imagos de 3 j les
ovaires atteignent une longueur de 650 um en moyenne et contiennent des
ovocytes & tous les stades de maturation, dont trois ou gquatre en fin de
développement, Au quatridme jour de vie imaginale ce nombre devient
Plus important et & partir du cinquidme jour la maturité sexuelle des
femelles est atieinte; pratiquement chaque ovariele contieni un ovocyte
complétement développé et prét & &tre pondu au stade d'ovocyte I. A ce
moment les ovaires occupent presque la totalité de la cavité abdominale
des femelles avec une longueur de 800 & 1000 um,

4. ITRRADIATION DES PUPES AUX RAYONS GAMMA

4.1. Action sur la vitalilé et la reproduction

L'action des rayons gamma sur C. capitata a d&ji &té &tudiée par
plusieurs auteurs sur le plan de la vitalité, la fécondité et la fertilité
[13-15].

La durée de vie des insectes irradiés & 10 krad est souvent légdre-
ment supérieure A celle des témoins.

L'irradiation des pupes de 8 j (& la veille de 1'éclosion) jusqu'i la
dose de 15 krad ne diminue pas le taux d'éclosion par rapport aux témoins,

Llirradiation des pupes & 1 krad abaisse la fertilité des adultes
4 50% environ pour les femelles et 30% pour les miles. L‘irradiation
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& plus de 3 krad provogue la stérilité totale des femelles par blocage du
développement ovarien, Une dose de 10 krad est nécessaire pour obtenir
une stérilité presque totale des méles; dans ce cas les spermatozoides
formés peuvent féconder llceuf mais sont porteurs de mutations iétales
dominantes; la formation de nouveaux spermatozoides est blogquée.

4,2, Action sur les gonades méiles

L'étude histologique des organes génitaux méles a ét& faite sur des
individus fgés généralement de 4, 9 et 16 j apres irradiation de pupes
22,8, 4, 5et 9 krad.

Chez des individus 8gés de 4 j les testicules conservent une taille
normale gquelle que soeit la dose d'irradiation. La partie basale de ces
organes présente un aspect normal et comprend une zone 4 spermatozoides
individualisés ainsi que de tr¥s nombreux spermatodesmes, On ne voit
plus de spermatides quelle que soit la dose. La partie apicale par contre
est désorganisée. A 2 et 3 krad on peui encore apercevoir quelques cystes
A spermatogonies; ces derniers disparaissent totalement aux doses su-
périeures. Ainsi, A 4 et 5 krad toute la partie apicale est formée par
plusieurs amas de noyaux paraissant correspondre A des cystes dont les
cellules auraient perdu leur membrane cytoplasmique.

Pour les individus pius dgés {7 4 9 j) la zone A spermatozoides in-
dividualisés est toujours bien développée et la différence porte surtout
sur le nombre de spermatodesmes, qui est beaucoup pius réduit. Les
spermatides sont toujours absentes, La partie apicale, particulidrement
4 la dose stérilisante de 9 krad, prend un aspect caractéristique présen-
tant les amas trouvés & 4 j, mais ici arrondis, bien individualisés et
remplis de noyaux ou tout autre corpuscule fortement coloré par 1'héma-
toxyline. Chez les individus dgés de 16 j apres irradiation & moins de
9 krad le testicule garde sa taille normale. Les spermatozoides occupent
preeque tout l'organe; on ne voit plus que queiques spermatodesmes,
Apres irradiation & 2 et 3 krad on apergoit encore quelques cystes A
spermatocytes, mals la zone apicale, comportant encore guelques amas
cellulaires indifférenciés, a presquedisparu. Apres irradiation A 9 krad
on ne voit plus de cystes et le testicule pr&sente une taille réduite. Chez
un méle gé de 1 mois aprés irradiation A 9 krad les testicules sont nette-
ment atrophiés et réduits i 1'état de deux sacs ne contenant que des sperma-
tozoides individualisés,

Ces indications semblent signifier d'une part que, quelle que soit la
dose, les spermatides se différencient rapidement en spermatozoides,
D'autre part, aux doses faibles, la zone & spermatocytes apparait par-
tiellement désorganisée, partiellement bloquée dans sondéveloppement, mais
capable encore pour une partd'une évolutionnormale. Enfin, A 9kradilyadés-
organisation puis dégénérescence de cette zone aboutissant % une atrophie de
l'organe,

4.3. Action sur ies gonades femelles

Conirairement aux gonades miles les organes génitaux femelles sont
trés peu développés chez les pupes dgées de B j au moment de 1l'irradia-
tion; ce fait pourrait permettre d'expliquer l'action beaucoup pius forte des
rayons gamma A dose €gale sur les femelles, Les coupes histologiques
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de femelles irradiées 2 2, 3, 4, 5 et 9 krad ont été effectues sur les
insectes fgés de 16 j. Déja pour 2 krad les ovaires sont de taille réduite
mais présentent une ovogénese normale avec tous les stades de dévelop-
pement des follicules; cette diminution de taille provient surtout d'un
nombre plus réduit d'ovocytes venus A maturité.

A la dose de 3 krad, au-deli de laquelle la stérilité est complite,
nous trouvons une action beaucoup plus marquée et caractéristique des
rayons gamma. Les ovaires, toujours pour les femelles de 16 j, sont
de taille réduite mais peuvent présenter des structures variées. On
peut trouver un certain nombre d’ovocytes normalement développés.

On peut aussi en trouver un nombre trés réduit, parfois méme un seul.
On constate par contre un nombre plus ou moins important de foliicules
atypiques: ovocytes plus ou moins identifiables, cellules nourricitres
irrégulidres, parfois confondues en une masse indifférenciée, présence
‘de nombreux petits noyaux ressemblant § ceux des cellules folliculaires
et répartis au milieu des cellules nourriciéres,

A partir de 4 krad les deux ovaires de taille identique A celle qu'ils
avaient au moment de 1'irradiation ne subissent aucun développement,

A la partie apicale les ovarioles contiennent un mélange formé# par de
petits follicules de structure aberrante, de nombreux noyaux de cellules
folliculaires, des masses arrondies contenant de nombreux petite noyaux
ainsi que des cellules vitellines isolées. La partie basale n'est formée
que par les parois des ovarioles.

A 9 krad cette atrophie des ovaires est maximale et ces derniers
ne sont plus formés gue par les ovarioles vides dont la paroi cellulaire
est plus épaisse dans la partie basale des gonades.

5. IRRADIATION DES PUPES AUX NEUTRONS

5.1. Action sur la vitaliié ei la reproduction

Les insectes ont &ét€ irradiés aux neutrons au stade pupe dgée de
8 j, par exposgition plus ou moins longue au flux de la pile PEGGY, géné-
ralement pendant des temps de 5, 10, 15 et 20 min,

Les taux d'émergence de ces pupes irradies sont absolument identiques
3 ceux observés chez les insectes témoins et dépassent dans tous les
cas 95%. {(Dans la détermination de ce taux d'@mergence ne sont pris en
considération que les imagos entibrement débarrassés de leur puparium
et non ceux qui se trouvent & moitié ou presque sortis de leur enveloppe
nymphale, bien qu'ils puissent rester ainsi vivants pendant quelque temps.)

La longévité des adultes a été contrSlée dans toutes les expériences
pendant une durée de 20 j aprés leur &émergence, Des temps d'irradiation
de 5 & 15 min ne semblent pas affecter la longévité des insectes en com-
paraison de celle d'insectes normaux, tout au moins jusqu'au vingtidme
jour, oil la mortalité est en moyenne de 10%. Seuls des temps d'irradiation
de 20 min diminuent légtrement la longévité des femelles et plus forte-
ment celle des miles (35% de mortalité pour ces derniers) (fig. 1).

En ce qui concerne 1'étude de la fécondité et de la fertilité, les résultats
obtenus sont assez variables: ceci est peut-8tre dii au fait que les doses
reques pendant un mé&me temps d'exposition sont elles-mémes variables
d'une séance dlirradiation & 1'autre. Cependant les effets de ces irradia-
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FIG.1. Powrcentage de mortalit€ totale pour des lots d'Insectes {1000 individus environ pour chaque lot)
exposds aux neutrons pendant des temps variés.
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tions sont déja trds sensibles pour des temps d'exposition de 2 2 5 min
et augmentent avec des temps plus élevés.

En ce qui concerne les miles, des croisements effectués entre miles
irradiés et femelles normales donnent une fertilité moyenne de i'ordre
de 20% pour des expositions de 5 min, et de 7 4 8% pour des expositions de
10 min, Les doses stérilisantes ne sont atieintes qu'a partir de 15 min,

oll subsiste encore une fertilité résiduelle de 1, 7%, cette fertilité n'Gtant
plus que de 0, 3% A 20 min (95% &étant la fertilité moyenne chez les témoins)
{fig.2).

Mais le fait le plus intéressant est la différence d'action qui semble
exigter entre les irradiations aux rayons gamma et aux neutrons chez
les femelles.

Rappelons que les doses substérilisantes de rayons gamma permettent

la formation d'un nombre réduit d'ceufs, mais que ceux-ci sont morphologique -
ment normaux. Dans le cas de nos expositions aux neutrons nous avons
obtenu une stérilité toiale des femelles A partir de 15 min d'exposition,
Par contre, pour 10 min d'exposition nous avons cbservé ia formation
et la ponte d'ceufs morphologiquement anormaux; ceux-¢i apparaissent
déformés, parfois raccourcis jusqu® devenir globuleux, et présentent
souvent une structure interne hétérogdne visible % travers le chorion.

5.2. Action sur les gonades miles

Toutes les observations portant sur des insectes issus de pupes
irradiées aux neutrons pendant des temps de 5, 10, 15 et 20 min ont &t&
effectuées sur des individus &gés de 25 j.

Chez les miles irradiés pendant 5 min, dose qui diminue considérable-
ment la fertilité, nous ne constatons aucune modification au niveau des
gonades, qui restent de taille et de structure analogues & celles d'organes
génitaux de miles normaux.

L'action est beaucoup plus nette et apparaft de fagon brutale chez
des insectes irradiés pendant 10 min, Eneffet, chez ces individus les testicules
peuvent &tre tout deux tres atrophiés et réduits 4 des sortes de poches
allongées ne contenant que des spermatozoides individualisés avec parfois
quelques cystes A spermatogonies., Mais, dans le cas le plus général,
ces miles ne présentent qu'un seul des organes génitaux aingi atrophié,
alors gque l'autre conserve une structure normale présentant tous les
stades de la spermatogénse, sauf peut-é&tre quelques meodifications aux
niveaux des spermatogonies et spermatocytes,

Pour des temps d'irradiation de 15 et 20 min il y a toujours blocage
complet de la spermatogénése, et les organes génitaux sont tous deux
réduits & des sortes de sacs & parois plus épaisses ne contenant que des
spermatozoides avec quelgques rares spermatodesmes A 15 min.

5.3. Action sur les gonades femelles

Comme dans le cas des rayons gamma l'irradiation aux neutrons,
méme A faible dose, provoque d'importantes modifications au niveau des
cellules reproductrices.

Dé&ja pour des temps d'irradiation de 5 min les organes génitaux
sont A 1a fois de taille réduite {de moiti# environ par rapport A la normale)
et I'ovogéntse est plus ou moins perturbée. Parmi les follicules se
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développant normalement se trouvent quelgues follicuies atypiques ayant
1'aspect de masses arrondies de différentes formes comportant, soit

en totalité, soit simplement en bordure, une multitude de petits noyaux.
Les différences individuelles sont trés importantes d'une femelle & l'autre;
dans certains cas l'ovaire ne contient qu'un ou deux follicules aberrants,
dans d'autres au contraire il est entidrement formé par ces masses ar-
rondies ol se trouvent encore guelques follicules normaux.

A la suite d'une irradiation de 10 min, les gonades sont généralement
de taille encore plus réduite, mais les différences individueiles subsistent
toujours. On peut noter dans fous les cas un nombre plus or moins im-
portant de ces masses tissulaires amorphes remplies de petits noyaux,
qui paraissent &tre caractéristiques des irradiations aux neutrons,

Ces « follicules» atypiques de formes irrégulidres, qui peuvent mé€me
fusionner entre eux, dénotent une certaine prolifération celiulaire. Sur
certaines coupes histologiques on peut noter lfanalogie existant enire ces
noyaux de prolifération cellulaire et ceux des cellules folliculaires qui
subsistent en bordure par endroits.

Aux doses stérilisantes apris irradiation de 15 ou 20 min, les résul-
tats sont plus homogdnes et nous observons une action comparable A
celle produite par les rayons gamma aux doses supérieures & 4 krad,
L'ovogéndse est inhibée par blocage des divisions cellulaires, et les ovaires
entidrement atrophiés, de taille comparable A ceux de femelles immatures,
ne contiennent aucun follicule {du moins en ce qui concerne des individus
femelles gés de 25 j). Ces gonades ne sont formées que par une série
d'ovaricles vides plus fortement colorées A leur partie basale, cornme nous
avions vu dans ie cas d'irradiations aux rayons gamma A partir de 4 krad,

6. CONCLUSION

La comparaison de l'action des rayons gamma et des neutrons sur
C. capitata a été faite en partant de 1'hypoth¥se d'une efficacité biologique
relative des neutrons supérieure A celle des rayons gamma. La difficul-
té de mesurer directement la dose d'irradiation aux neutrons dans le
réagcteur nous a fait utiliser un &talon biologique connu, la croissance de
plantules issues de graines d'orge irradiées, Dans ces conditions, des
temps d'exposition aux neutrons de 5, 10, 15 et 20 minutes correspon-
daient &4 des doses calculées de 310, 620, 940 et 1250 rad,

Les irradiations de pupes dgées jusqu'aux doses stérilisantes de
rayons gamma ou de neuirons ne diminuent pas les taux d'éclosion. Par
contre la longévité des adultes, non affectée par les rayons gamma
jusqu'd 10 krad, est diminufe aprds irradiation aux neutrons 3 1250 rad.

L'efficacité biologique relative &levée des neutrons apparaft lorsqu'on
examine les-taux de fécondité et de fertilité. Dans les conditions de nos
expériences, on peut en déduire que l'efficacité biologique des neutrons
a é1é environ de 7 fois celle des rayons gamma,

L'action des rayons gamma et des neuirons sur les gonades méiles
parait assez semblable, Aux doses faibles les testicules restent de di-
mensions normales, mais 1'examen histologique montre que ila sperma-
togéndse a &té arrétée. Aux doses &levées, dites stérilisantes, on cons-
tate que les gonades sont réduites A des sortes de sacs contenant unique-
ment les spermatozoides,



SM-102/36 363

L'action des rayons gamma et des neutrons sur les gonades femelles
aux doses stérilisantes provoque 1'atrophie complte des ovaires,

Par contre, aux doses substérilisantes apparait une différence d'action
d’autant plus marquée que l'on approche de la dose stérilisante._ Apres
irradiation aux rayons gamma on constate la ponte d*un nombre réduit
d'ceufs, ceux-ci présentant un aspect normal. Apres irradiation aux neu-
trons on constate aussi la ponte d'un nombre réduit d'ceufs mais une partie
de ceux-ci ont un aspect anormal, déformé, souvent globuleux; ces ceufs
sont stériles. ['examen histologique confirme dane les ovaires la présen-
c¢e de follicules aberrants constitués de masses tissulaires amorphes.

I1 apparaft donc que l'efficacité biologique relative des neutrons est
supérieure i celle des rayons gamma, mais qu'en méme temps le mode
d'action des neutrons sur les organes reproducteurs n'est pas exactement
semblable & celui des rayons gamma,
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DISCUSSION

W.F. BALDWIN: It is usually impossible to obtain gamma-free neutren
irradiations from reactors. Did this present any problem for you?

P. PELEGRIN: Perhaps I might answer this on Dr, Causse's
behalf. The neutron radiation came from the PEGGY swimming-pool
reactor at Cadarache, in the tank of which fast neutrons are generated at
the same time as gamma rays and thermal neutrons. The neutron spectrum
is not clearly known, but it is known that the gamma flux is low. A worker
in France wishing to investigate further could use the 'biological cavity'
of the EL3 reactor at Saclay where, by means of a uranium converter,
a high flux of fast neutrons is made available with almost total absence
of gamma rays,

W.F. BALDWIN: In the one or two studies available for comparison
it has been shown that fast neutrons (14 MeV) give an increase in effect
over that of gamma radiation of about 1. 4 {or approximately 40%), whereas
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in your work you found a seven-fold increase. I should be interested to
learn of the method whereby you compared the neutron and gamma effects,

P. PELEGRIN: As stated in the paper, the relative biologicaleifect-
iveness of the neuirons, as compared with that of the gamma radiation,
has been determined by Dr. P. Pereau-Leroy, at both Saclay and Cada-
rache, with dry irradiated barley grains, and his figures are comparable
to those given here.

W.J. LE QUESNE: Would it be possible to make use of neuiron
sources of the type comsisting of a mixture of an alpha-emitier and beryl-
lium in this work, and would this make for a lower gamma desage than
that obtained using a reactor? I understand that emissions of up to
108 neutrons/s can be obtained, and wonder whether this level would be
sufficiently high.

R. CAUSSE: I think it is quite feasible to use other neutron sources
in order to cut out the gamma radiation. One could even eliminatie it
completely by a careful choice of isotope, but in this case it would cer-
tainly not be possible to obtain such a high neutron flux.
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Abstraet

INCREASED YIELD OF GAMMA-INDUCED EYE QOLOUR MUTATIONS FROM CHRONIC VERSUS
ACUTE EXPOSURES IN Dahlbominus.  The incerpretation of apparent differences in the muragenic effects
of ehronic and acute irradiations is often complicated because the exposed cells may not have remained
in comparable stages of the mitotic cycle in the two circumstances and because it is usnally impossible
to.test for differential killing following the two treatments, Thus, in the first case, the early parm of 2
chronic exposure could have the effect of slowing down the rate at which cells proceed through the
subsequent normal of changes in rad( itivity, A method of avoiding this source of bias in
studies of the eye colour mutazions of Dahlbominus was sought, and it has been found that susceptibility
® induced mutation reaches a plateau in aging females about nine days after they become adule, and
that over the following four days the mutation rate maintains a comparatively constamt frequency, Accurate
records of the number of cocoons parasitized by Dahlbominus and the number of progeny per female have
also made it possible to test for differenzial killing by ascertaining whether decreased fecundity is associated
with a depression of mutagenic rates,

Stdies of the effects. of 500 R of gamma radiation delivered chronically over the period of comparable
sensitivity, i.e, over 100 hons from 9 days w 13 days afer the pupal stage, 2nd of the same dose as acute
exposures at different times in this period are now complete, and are complemmented by similar smdies
with 250 R, The results with 500 R indicate an approximately 20% greater mutagenic effect of the chronic
as compared with the acnte exposures. At the present time, an imerpretation in terms of a possibly grearar
lethal effect of the acute irradiazions on cells that are porentially more susceptible 10 muragenesis cannot
be ruled out, However, any conuibution from this source should diminish with lower, less lethal doses,

The results ac 350 R show that the difference in mutacion frequency with acure as compared with chronic

doses is less at this lower exposure, implying that the difference in effect is probably the result of a
disproportionately greater killing by the acute irradiation of cells which would have produced mutations,
Records of parasitization and the oumber of progeny per female following acute and chronic expusures at

500 and 250 R give confiicting results, indicating that differential killing may not be a factor in

detertnining mutagenesis, The resulis are based on 923 eye eolour mutations in a total of 346 171 flies scored,

1, INTRODUCTION

Early work with Dahlbominus on the effects of acute and chronic dose
rates failed to demonstrate differences in the frequencies of induced eye
colour mutations in irradiated o8gonia exposed to similar total doses [1].
A further extension of the studies, however, did indicate a small but
statistically significant fall in mutation rate with chronic, as compared
with acute, exposures of oSgonia [2], an effect which supported results
with other organisms such as mice [3] and silkworms [4], where mutation
rates were likewige h.ighyr with acute doses. The effect was most
apparent in mice, and Russell was able to show in spermatogonia that
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expogure rates of 0,009 R/min gave only cne~quarter as many specific
locus mutations as compared with a rate of 90 R/min, These results,
and those from other, simijlar studies, have led Russell to pestulate
that some step in the radiation-induced mutation process may be capable
of repair, a phenomenon which would have important implications in the
estimation of genetic hazards in man, In reaching his conclusions,
Russell used data from female mice, which showed a much greater
dose-rate effect than had been observed for spermatogonia. In female
mice, germ cells remain in the dictyate stage of the primary obcyte
from shortly after birth until ovulation; thus, the dose-rate effect in
females occcurred in a non-dividing cell population [5]. Russell also
attaches some significance to the fact that odeytes in late follicle stages
are resistant to killing by radiation, a condition which would lessen the
possibility of a mutation ratie difference as a result of differential cell
gurvival following acute and chronic irradiations.

In the Dahlbominug work mentioned above [2], in which a significant
difference in mutation was found with the two different freatments, females
irradiated as larvae were allowed to deposit egge on host cocoons from
the age of four days until death; the progeny thus included individuals
from all stages of obgenesis. As shown earlier [8], mutation rates in
females increase gharply with age, and in adulis irradiated at different
ages the number of mutants at four days is approximately five times
greater than in pupae, presumably the result of an increase in the number
of highly sensitive obeytes. In the present experiments, it was discovered
that Dahlbominug females irradiated at 9, 11, and 13 days, when only
mature oScytes were present in the ovarioles, gave comparable mutation
frequencies, Thus, chronic exposures could be administered over this
period for comparison with acute doses. Under these conditions, the
frequency of mutation was found to be lower with acute exposures than
with chronie, a result which was the reverse of the effect shown by
Rusgell in mice.

2, MATERIALS AND METHCDS .

An advantage of Dahlbominus as a subject for genetical studies is
that all mutations induced in female unfertilized germ plasm will appear
in first generation parthenogenetic haploid males, In addition, the
scoring of eye colour mutants in this species is comparatively easy, the
colours appearing as mutant phenotypes russet (ru), chestnut {cs),
carmine (c) and claret {ct), conirasting sharply with the almost black
wild type eye colour. As described recently, these phenotypes can arige
at a minimum of 8 loci, demonstrating two linkage groups and two allelic
series of three alleles each [7]. A description of the biology of
Dahlbominus and the different eye colours has been published elsewhere [8].
Irradiation of experimental females was done daily in small plastic
containers at about 200 females per day. Treatmentis at both acute and
chronic rates were continued until sufficient unmated females had been
placed with cocoons to produce at least 35 000 males, The acute exposures
were done with a Gammabeam 150 (Commercial Produets, AECL, Gttawa)
containing approximately 700 Ci of 80Co; for chronic irradiations, ldsting
over four days at each exposure, a smaller source of about 100 mCi of
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80Co was placed in a chamber where temperature and humidity could be
maintained at rearing room levels. The insects were positioned at
appropriate distances to give the lowest possible chronic exposure for

a four-day period., The dose rates for the 500 and 250 R total exposures
in these tests were given at an acute rate of 100 R/min, while the chrenic
dose rates amounted to 0.082 and 0,041 R/min, respectively, The total
doses and dose rates were measured by means of a calibrated E.I. L,
portable electrometer (Model 3TA).

3, OBSERVATIONS

3,1, Mutation frequencies in broods of advancing ages

Since prior results had shown that age was a determining factor in
the inerease in mutation sensitivity of Dahlbominus, the first experiment
of this series was designed to compare the mutation frequency in eggs
deposited by unmated females at one, two, three and four days after
irradiation, Daily exposures of successive groups of unmated females
at four days of age were continued (exposure 1000 R at 100 R/min) until
a sufficient number to produce at least 3500 males had been placed with
host cocoons. The cocoons in each group were replaced each day over
a four-day period, producing separate broods for each of the four days
{Fig.1). The mutation frequency, originally at 600 {X 10~5) on the first
day, fell rapidly to a level at four days, approximating the frequencies
showm previously for oBgonia {50 X 10°%) (Baldwin [1]}. This finding
proved that variable sensitivity in various stages of oSgenesis would
constitute a source of significant error in mutation frequency tests,
especially if adult females were left with cocoons for several days after
irradiation. Thus, in this work, all females were removed from cocoons
after 24 hours., The same factor would be important with chronic
treatments extending over several days, especially if the early part of
the exposure slowed development, and a study of egg production in unmated
females were undertaken to determine when irradiations could be confined
to a single stage for both the acute and chronie treatments,

3.2, O8genesgig in ovarioles

Unmated female insects were dissected at the ages of 60, 132 and
252 hours after emergence from the pupal stage, The reproductive
systems were teased away from surrounding abdominal tissue and displayed
on a slide in a small drop of water. In Fig.2(a) it can be seen that each
ovary is composed of seven ovaricles each emptying into a common
oviduct, Normally, the eggs would be fertilized after leaving the oviduct,
In these experiments, however, all males were discarded as pupae making
it impossible for fertilization to occur, At 60 hours of age (¥Fig, 2(b)) the
germarium contained numerous o8gonia, while immature oScytes (with
nurse cells} and mature obcytes, ready to be discharged, were present
in the ovariele, In the ovarioles from 132-hour females (Fig, 3 {a)),
all traces of obgonia had disappeared, and only immature and mature
ofcytes were visible. In the last illustration (Fig, 3 (b)), at 252 hours,
only mature oficytes were present, a result which indicated that females
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FIG. 1. Decreasing rutagenesis with increasing age in irradiated Dahlbominus females.

irradiated at this age would produce only mature oBcytes, at least for the
first 24 hours. In these older fliez, .disintegrating ofcytes (see Fig, 3(b})
were found in many individuals.

From these digsections, it appeared that the production of new eggs
ceased five days after emergence: by ten days, all evidence of olgonia
and immature odcytes had disappeared, proving that only mature odcyles
would be present for irradiation at these ages.

To substantiate these findings further, counts of mature ofcyies in
the ovaries were made over the period from emergence to 20 days of age.
In Figure 4, the average numbers of mature obeytes from eight females
at different ages show that the totals rose to a plateau at five days; from
here the numbers present remained constant to about ten days of age,
where a gradual decreage began, the result of the re-absorption of older
o8cytes, Thus, it was concluded that the number of highly mutable
mature o8cytes remaing constant over a considerable period, and that
it would be possible to administer chronic doses during a period when
sensitivity to mutation would remain comparatively constant,

3.3. Mutation frequencies at differeni ages

To compare the mutation frequencies over the period when comparable
numbers of obgonia were found in the ovarioles, females were irradiated
(500 R at 100 R/min) at 7, 8, 11 and 13 days after emergence., The
results, in Table I, show that the frequencies at these ages were, in fact,
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FIG, 2. {a} Schematic drawing of ovary of Dahlbeminis female, showing 7 ovarioles on each side,
(b) Ovariole at 60 hours of age, illustrating presence of ofigonia, immature otcytes, and mature oficytes.
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HG. 3.(a} Ovariole at 132 bours, showing absence of ogonial cells, (b) Ovariole at 252 hours (10 days)
showing absence of all stages except mature obcytes.
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FIG. 4. Increasing mumbers of matuse odeytes in aging females with plateau at § te 10 days.
TABLE I, MUTATION FREQUENCIES OVER THE PERIOD FROM

7 TO 13 DAYS AFTER EMERGENCE OF ADULT FEMALES
(500 R at 100 R/ min).

Age (days) Offspring Mutants Mean
frequency (x 10%)
T 57 984 160 276 (311- 240
g 46831 140 208 (340- 258)
i1 35136 129 367 (4268- 307y
13 48 987 176 382 (374- 310)
Control 42048 g 19 (29« 8)

almost comparable in magnitude.

The level at 11 days was higher than

the 13-day value owing to a cluster of seven claret eye colour mutants
in this group; when the cluster was considered as one mutation, the
calculated frequency was exactly equal to the value at 13 days (350 X 10°5),

FL
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FIG. 5. Mutation frequencies following irradiation of females of different ages at 500 R {100 R/min).

The plateau from 9 to 13 days (Fig.5) constituted a four-day period when
chronic exposures could be administered for comparison with combined
values from the acute irradiations at 9, 11 and 13 days.

3.4, Mutation frequencies with acute and chronic dose rates

Experiments to compare the effects of acute and chronic radiation
were completed at two dose levels, 500 R and 250 R, At the higher dose,
the acute value was derived by combining the data from 9, 11 and 13 days
shown in Table I and Fig.5. At 250 R, females at 11 days of age were
used for acute irradiations. Chronic exposures for both doses extended
from 9 to 13 days after emergence, at 0,08 R/min for the 500 R dose and
at 0.04 for the 250 R exposure.

As shown in Table II, the mutation frequencies for the chronic
irradiations are higher at both dose levels than in the acute exposures,
At 500 R, the difference is significant(P <0, 002); at the 250 R exposure
the limits overlap. In Fig.6, an almost exact linear relationship exists
between the values at 0, 250 and 500 R; also, the difference in effect at
the two dose levels of chronic irradiation is apparent in the figure.

3.5, Fecundity of females following acute and chronic exposures

In these studies with Dahlbominus, a test for bias involving
differential killing of potentially mutant eggs is available from rearing
data. In the dose rate experiments, accurate records of the number of
cocoong parasitized by the females and the number of haploid male progeny
produced by the females were maintained, The results (Table IIT) show
first that the percentage of females parasitizing cocoons and the number
of viable eggs per female were both reduced in the irradiated groups.
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TABLE II. DATA FROM TESTS OF ACUTE AND CHRONIC
IRRADIATIONS AT 500 AND 250 R

Exposure (R) R/min Offspring Mutants Mean Clusters
frequency (X 10%)

500 100 131964 455 377 (863- 311) 47,2,2.2¢®
500 0.08 62 966 210 428 (471 - 385) 1¢2)
250 100 57780 99 171 (199 - 143) 2(2.4)
250 0.04 51 423 101 196 (277 - 165) 1(2
Control - 42048 8 19(29- 8) -

{2

Eye colour of all individuals in 21l clusters was claret

500
450

400

250+
2001

150

MUTATION FREQUENCY (x10%)

100~

50

|
0 250 500

EXPOSURE IN R

FIG. 6. Mutation frequencies following acute and chronic irradiations at 500, 250 and 0 &,

At 500 R, the chronic irradiation gave less parasitization and fewer
offspring per female, while at 250 R, these two figures were reversed,
with chronic exposures giving slightly more in both cases, Thus, it does
not seem that differential killing in the egg stage could possibly be
important in determining the relative mutation frequencies following acute
and chronic exposures,
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4, DISCUSSION

The most important fact to emerge from this research was that
mutation frequencies following acute exposures were not so high as
those from chronic doses in mature ofcytes at one stage of development
and at two different dose levels, The experimental conditions in
Dahlbominus were unique, since adult females were held for irradiation
until 9 to 13 days, when only mature ocytes were preseni in the ovarioles,
Thus aeute and chronic deses could be administered over a pericd of
four days while the germ cells remained in the same stage, a situation
which has noi been achieved in other organisms, with the possible
exception of dictyate o8cytes in the mouse. In Drosophila, Purdom [9]
states that the various stages of spermatogenesis vary considerably in
their sensitivity to irradiation, and strictly comparable sampling from
successive stages of the development of the fly is impossible when
different periods are used., He does conclude, however, that a dosge rate
effect comparable to that in the mouse does not ocecur in the more
mature spermatogonial cells of Drosophila, Tazima [I10] believes that
two types of dose-rate dependence occur in young gonial stages of the
silkworm, one consisting of a lower mutagenic effectiveness in chronic
rather than in acute irradiation, and another in which chronic effects
are higher than for acute treatments. Here again, however, this author
stregges the complexity in interpreting dose rate data due to developmental
stage. In Drosophila, Oster [11] states that despite the large-scale work
already carried out, there is still no clear-cut basis for a dose rate effect
in the production of point changes in immature female cells, and the work
has been complicated by '"differential radiosensitivity masking repair
mechanisms", Thus, Russelll's results showing significant mutagenic
differences with dose rate, and his conclusions concerning premutational
repair in mouse cells stand alone, seemingly unsupported by concrete
evidence from other organisms,

In considering the responses to mutation ai the two dose levels in
Dahlbhominug, it was interesting that the difference between the acute and
chronic treaiments was greater at 500 than at 250 R, As the Iower dose
can be presumed to be lesgs lethal than the higher one, this result would
be expected if the acute irradiation selectively killed cells which would
have produced eye colour mutations. The parasitization and progeny
records reveal, however, that more cocoons were parasitized and more
progeny were produced following acute rather than chronic exposures
at 600 R, and that these results were reversed at 260 R, Thus, it seems
impossible that selective killing or selective gurvival of potentially
mutable cells could account for the smaller difference in mutation rate
at a Jower, less lethal dose. Further, the number ef progeny from
irradiated females in this work was less than half the number produced in
controls, Thus, extensive killing occurred in mature ofcytes, an effect
which did not seem io produce differential mortality in potentially mutable
cells,
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R.C. VON BORSTEL: I should like to point cut that Dr, Baldwin
is one of the few invesiigators who ig in the process of providing mutation
data where mutation frequencies can actually be analysed at frequencies
below the spontaneous mutation level. By plotting the data on a log-log
plot of mutation frequency versus dose, and by subiracting the spontaneous
mutation frequencies from the induced mutation frequencies, it can be
determined whether linearity is maintained, even at the very low doses
where the spontaneous mutation data and the induced mutation data appear
10 merge.
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Abstract

REPRODUCTIVE PERFORMANCE CF FEMALE BRACONIDS COMPARFD AFTER (A} BRIEF AND
(By PROTRACTED EXPOSURES TO IONIZING RADIATIONS. %51 sources are installed in the initial US
biosateltites to provide calculable dose levels during three~day orbital space flights. Such protracted
exposures aze longer than those used customarily in insect radiobiology and shorter than those of ecological
studies. This paper concemns results from the gromnd contzols of itl-fated US Biosatellite A and compares
them with results from other dose rates and types of radiation.

Males are packaged separately and used for mutational studies to be reposted elsewhere. To compare
the vulnerability of cell types in the ovariole sequence, nearly 1000 virgin females from a vigorous ont-
«eross are used, half for ground controls and half for the satellite launched. Samples of 20-25 wasps are
packed in each of two screw-capped capsules inserted into housings in plastic modules which al3o incorporate
thermisters and radiodosimeters. These packages are fixed in shielded positions as well as in places whick
teceive one of four levels of gamma rays frein the ®Srsource. Each treatment thus consists of 40-50 virgins;
a similar number receives a sensitizing preflight exposure to 2000 R of X-rays. After the flight period daily
egg production Is scored to detect resorption follawing gross chromosomal damage, embryonic deaths to re-
veal more subtle damage, and matemal life span as'a measure of somatic fitness,

Int most insects bundles of numerous ovarioles confound interpretation relating cell status during ex-
posure to eggs deposited subsequently. Habrobracon’s four synchronjzed ovaricles provide a uniquely suit~
able system for studying radiosensitivity of a sequence complete from specialized obcytes through ctcyte-
trophocyte units to primitive interphase cells. Following a serles of doses, the family of oviposition curves
reflects the vulnerability of differentiating units in a valley which deepens and broadens with increased dose,
At high dose rates, lowest egg production occurs on day 7. The pattern, well established for X-rays and
1P B-rays, hasnow been demonstrated for y-rays from the Raleigh % Co Gammacell and the Woods Hole
¥1Cs source, although 1.4 times the X-ray dose is tequired to produce the same amount of damnage. When
the gamma éxposure was spread over three days the valley did not appear until the eighth day. Females
tested simultaneously and treated identically except that their X-tay expostire was brief provided the usual
7th-day low. Previousty valley deferment was obsarved only when studying ingested radinisotopes wheare
& necessary prestarvation obscured the significance. Another unpredicted response to the protracted gamma
dose was a control level productivity of eggs derived from exposed otigonia. Recovery mechanisms were
evidently able to keep pace with radiation damage. On the other hand, embryonic lethality was related
to dose during all perfods studied and dose rate was not important except for the most mature ofcytes. As
scored by von Borstei categories, stage I deaths decreased and stage IIT types increased with age of the
methers until the latter predominated. This change is age-related and not dose-dependent. Biochemi-
cally. predominance of stage Il death: can be induced, even in eggs ftom young mothess, by feeding
either RNA or protein inhibiters, but not by intesfering with DNA synthesis. We postulate physiclogicat
involvement of nuse ceils and fat body or their interrelations. Mean life span ranged from 19.5241.34
days after 4330 R to 22.35 £ 0.91 for controls.

Blosatellite B, the second effort, was recovered successfully. After two days in orbit the reproductive
pedformance of fernales differed strikingly from that repeated in ground controls. Most significant was egg
deposit in a nearly contourless pattem reminiscent of a compensatory response to mitotie inhibition. '
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The release of "sterile” females is often a feature of experimental
insect control. They may serve as an infertile siphon for sperm from
fertile wmales or they may be a convenient way ta avold sexing a large
sample. For an understanding of the sterilization of female insects it
is important to distinguish between the agent's effects upon egg produc-
tion and its effects upon the hatching of any eggs laid. These Cypes of
responses to radiation depend upon differences in the vulnerability of
a variety of cell Lypes.

The greatest variety of cell types occurs in the polytrophic
ovariole which is the functional unit typical of the ovaries in
holometabolous orders and a few others as weli. In the polytrophic
type of egg-forming tube, speclalized nurse cells accompany each oocyte
and both the differentiation and the functioning of the entire follicle-
enclosed unit are important. An investigatlon merely concerned with
scoring viable offspring provides no basis for analysis of the cytological
action of the agent employed.

Even when egg production is recorded, the pattern of response may
be obscured by an unsynchronized ovaricle performance. This is likely
to occur in species characterized by large bundles of egg tubes when
they engage in continuous oviposition. A favorable system for studying
radiosensitivity of the ovariole cell sequence 1s provided by a small
number of synchronized ovarioles per ovary. The parasitoid wasp
Bracon hebetor=Habrobracon juglandis offers guch an advantage with only
two synchronous ovarioles per ovary.

This year we had the opportunity to use braconids in experiments
with sr83 gamma ray sources which provided dose rates and exposure times
differing from those usually used ia insect radiobieclcgy or ecological
studies. The radiation sources were installed in U. 5. biosatellires
A aud B and duplicate sources were employed for ground controls. In
addition to 2 and 3 day gamma ray exposures a brief preflight exposure
to X-vays was given to a group of wasps. This paper compares reproductive
performance for biosatellite experiments with results for experiments
using other dose rates and types of radiation. Griteria of damage scored
include the pattern of egg production, egg hatchability, and the stage of
development achieved before embryonic death. Since records are obtained
from youth into senility, present results thxow light upom the influence
of aging on reproductive performance. Space £light introduces additional
experimental conditions to which biologists have given little attention
(mechanical vibration) and for which there has not been study opportunity
(low gravity}.

0f broad interest in bicastronautics iz the generxal question of the
performance during space flight of progenitive tissue with a stam cell
component. The insect ovariole with its single sexies of units including
all stages from fully differentiated products (the eggs) to interphase
oogonia seems ideally suited for the studies. Eggs are dispensed in
order and those deposited at any designated time can be traced back to
their cytological condition during the exposure period. Quantitative
modifications in numbers of eggs or hatchability may thus be correlated
with the cellular state and critical periods of sensitivity identified.

MATERJALS AND METHODS

A vigorous wild type Bracon stock collected in Raleigh. North
Carolina provided females used in the first biosatellite attempt
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(December 14-17, 1966) . Phenotypically wild type females heterozygous
for three linked marker genes provided females for the second experiment
(September 7-9, 1967). The genetic background came from a wild type
atock collected in Lumberton, North Carolina-

Bewly isolated virgin females were packed in screw-capped plastic
capsules incorporating glass rod dosimeters, 1In turn the capsules were
inserted into housings in plastic modules contailning thermlstors. The
completed packages were fixed within the Experiment Capsule in positions
aft of a radiation shield and a fore group arranged concentrically around
the 5r83 source. Positioning was such that four different radiation doses
were experienced by samples of wasps in the fore group of experiments.
Each position held two samples of 20-25 wasps each so that 40-50 virgins
experienced each treatment. Included in shielded position were females
which had been X-rayed with 2,000 8. In analysis of data, homogeneity
was ascertained before pooling the replicated data for presentation of
results. Ground controls duplicated the shielded and exposed position
for samples of virgins. Only the ground controls were available for study
when Bios A failed to respend to retro-rocket firing command. Both
ground control and flight animals were obtained from the second attempt,
Bios B.

During the experiments females were maintained at 19-21° C.
After recovery they were provided with a constant supply of host
caterpillars and incubated at 30° C. During the first day, transfers
were made every two hours for a study of genetic damage to metaphase
and prophase oocytes by R. €. Von Borstel and R. H. Smith of Oak Ridge.
Subsequently, the collection of eggs and provisioning with a fresh host
caterpillar per female followed a daily schedule. Routinely egga were
imnersed in mineral oil for determining their hatchability. This is an
empirical method which not only minimizes variability but also expedites
scorimg inviable embryos by VYon Borstel [1] categories. The stage of
development achieved in each unhatched egg was determined. Life span
was recorded for each of the ovipositing females in coutrol and
experimental groups.

RESULTS
EGG PRODUCTION

Bios A Ground Controls

After irradiation the more sensitive cells deteriorate and debris
is resorbed. Subsequently, egg deposit is decreased on the day for
which the resorbed cells would have produced eggs. Typically the ovariole
response to an acute dose of ilonizing radiation has been in the form of a
trough or valley wherein lowest egg production was achieved by the seventh
day of ovipogition. In the Bios A experiment this response was demon-
strated for the 2,000 R X-ray exposure given before packaging of a group
of females (Fig.l, upper).

A consistent difference in oviposition pattern resulted from
spreading doses of §r83 gamma rays over three days of continuous
exposure. As shown in Fig.l (lower), the valleya characteristic
of radiation damage developed their low pointa on the eighth day of
oviposition. The entire family of curves shows this displacement or
deferment in the pattern of reapounse. In descending order 3-day gamma
ray doses were 4,320 R, 2,410 R, 1,320 R, and 650 R obtained by poaition
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FIG.1. Mean daily egg production plotted for samples of 40 braconid wasps. The upper graph gives the
pattem of response to an acute dose of 2000 R of X-mays. The lower one plots data from unirradiated controls
and from four doses of *Sr gamma rays delivered over a three-day period. The family of curves showing

an efghth day dip was obtained after 850, 1340, 2410, and 4320 R, respectively.
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FIG, 2. Mean daily egg production for sarnples of female braconids subsequent to removal from the ground
experiments vehicie (upper graph), and subsequent to recovery from Biosatellite B (ower gtaph). The
latter wasps had experienced 30 orbits 170 miles in space. In each case curves have been drawn for un-
jrradiated controls, for wasps receiving an acute preflight dose of 2000 R of X-rays, and for wasps receiving
2667 R in a gamma exposure spread over two days.
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of the package in respect to the source. The top solid line gives the
control record. Except for displacement of the low point, the curve
shape appears to be essentially unchanged. During the last ten days of
study egg production approached or exceeded control values.

Bios B Ground Controls and Flight Wasps

Oviposirion records from females packaged but heid on the ground at
Cape Kennedy again demonstrated deferred low egg production for wasps
receiving protracted doses of gamma rays. The valley did not reach its
low point untll the ninth day. Fig.2(upper) contrasts the daily esg
production pattern for females receiving the highest gamms dose of 2,667 R
in a two-day exposure with data obtained from a brief exposure to 2,000 R
of X-rays. Data from controls are also plotted.

Wasps recovered after a two-day space flight show a strikingly
different pattern of oviposition when their pamma ray exposure was spresd
over most of the two days in 170 mile high orbit. No true valley
developed. Instead, after a sloping plateau egg production rose in a
fashion tending to compensate for relatively low oviposition during the
first week. PFig.2 (lower) shows this pattern along with plots of data
from females receiving 2,000 R of X-rays before the flight. Data for
uvnirradiated control wasps shows more than the usual variability when
plotted.

A detail of the curve shape in Bios A results which is not typical of
Bios B resulcts is a slight second day drop resulting from transporting the
females from Cape Kennedy, Florida to Raleigh, North Carolina by plane at
winter temperature.

EGG HATCHABILITY

Bios A Ground Controls

In contrast to egg production records, embryonic lethality was not
modified significantly by a low dose rate for gamma rays. These results
are presented as bar graphs on Figure 3. In order to summarize on the
basis of cell types exposed, egg hatchability data are pooled in groups
organized with respect to the days of deposit. Metaphase eggs and
opcytes in late prophase of first maturation division give rise te ova
deposited on the first day. Eggs laid on days 2-5 were prophase cocytes
during the exposure period. Differentiating cells of the transitional
peried give rise to eggs laid on days 6-10. Eggs deposited during
subzequent periods were derived from cells which were cogonia when treated
but we recognize that days 16-20 correspond to a period of maternal
genility. On that basis we distinguish it from the 11-15 day period.

The solid bars show how control hatchability decreases with the age
of the mother. The diagonally shaded bars represent results from the
X-rayed females., Through the important two weeks of the experiment
from day 2 through day 15, hatchability after the acute 2,000 R did not
differ significantly from the protracted dose results after 2,410 R eof
gamma rays. The 2,410 R results are represented by the open bar to the
left of the shaded bar. Other open bars demonstrate the dose dependent
pattern of egg hatching. In each grouping by days the dose decreases
from left to right.
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FIG. 3. Bar graphs summarizing hatctability for the egps of Fig. 1. A key to dosages in R is given at the
upper right: -4 = 4320, 2 = 2410 gamma and 2000 X-rays, 1= 1340, .6 = 650, amd C = control. The shaded
bar identifies results after 2000 R of X-rays. As explained in the text, data are grouped into periods which
reflect the cytelogical stage at the start of exposure.

Bios B

Analysis of hatchability of eggs laid by Bios B females is still in
progress at the time of writing this preprint document. WNevertheless,
the excellent hatchability evident in inspection of the raw data provides
no indication of synergistic damage from space flight conditions in
combination with radiation.

Stage of Embryonic Death

Immersion in clear oil and the thin (2u) traneparent chorion of the
braconid egg make it possible by microscopic examination to determine the
stage of development achieved by unemerged embryos. Von Borstel's
laboratory [1] has classified stages of embryonic death into five
categories. In our scoring of unhatched eggs, stages I, 3 and 4
accounted for nearliy all deaths in Bios A eggs (see Table I). Stage 1l
deaths occur before blastoderm formation. State 3 shows that yolk
has changed f£rom white to yellow and is becoming localized. Stage 4
has developed to the point where tracheal elements and urate cells are
visible.
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Stage I deaths decreased and stage 3 types increased with age of
the mothers until the latter predominated. Stage 1 showed the dose
dependent trend except during the period of maternal senility (Days 14~20).
On the other hand stage 3 proved to be primarily age related. Figure &
provides an impressive demonstration of the increased predomimance of
stage 3 deaths, represented by the open circles. The triangles indicate
the percentage of unhatched eggs which failed to progress beyond stage 1.
Interestingly enough, the fifth type of lethal syndrome in which
braconid embryos die late in development and which has been recognized as
an enhancement of aging processes [l] did not contribute significantly to
lethality in preseat results.

The statistical analysis of results from Bioz B is not yet complete,
but again age dependent stage 3 types predominate in lethality records
after the first week.

LIFE SPAN

Table II presents a summary of life span for the Bios A females.
Evidently conditions of the experiment including handling and packaging
do not shorten life span appreciably.

With Bios B females 100% survival was cbtained in bath ground
controls and flight groupa. Furthermore with rare exception all these
females survived more than 20 days of study. Final calculation of mean
life span for these wasps muat be delayed until all of them are dead.

DISCUSSION

The characteristic shape of the egg production curve for irradiated
mothers is two hills separated by a valley which broadens and deepens with
increased dose. The hills respectively represent the eggs derived from
cells which were differentiated oocytes with nurse cells and from cells
which were interphase cogonia at the time of irradiation. Both conditions
provide a measure of resistance to the cell destructive action of ionizing
radiation but mutational damage is another matter entirely.

Complete sterilization of a female with polytrophic ovarioles requires
4 radiation dose adequate to guarantee destruction of all cogonia and to
induce at least one dominant lethal chaunge in all cocytes. Although
oogonial destruction after 5,000 R of X-rays [2] results im a cesazation
of egg production during middle and old age, the more mature oocytes can
develop into eggs after any irradiation short of massive doses in the
"knock down" range. Sterilization can be accomplished at moderate doses
.only because 10,000 R is adequate to induce dominant lethality in all
vocytes [3]. These lethal mutations are expressed as embryonic death.

The valley reflects the vulnerability of differentiating units.’
Five guccessive mitotic divisions are required to produce the 32-call
oocyte«trophocyte unit from a single ocogonium. In addition endomitosis
must be accomplished In nurse cells to provide the high polyploidy of the
functional state. Both mitosis and endomitosis are vulnerable to
radiation damage. However, changes in shape and position of the valley
obtained from differing dose rates imply a certain resilience im the cell
physiology concerned with normalizing chromosome activity after disruptive
ionizations from irradiationm.
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FIG: 4. The relative contribution to unhatched eggs by two stages of embryonic death in Bios A ground
experiments. The percentage of deaths in stage 1 (triangles) and in stage 3 (circles) are plotted against
dose and organized with tespect to periods of deposit. Note that stage 1 deaths representing cleavage
difficulties show & pronounced dose-dependent slope particularly for eggs from days 2-5. In contrast is the
nearly hovizontal distribution of stage 2 deaths which predominate later deposits.

Fractional dose experiments such as those used for studying chromo-
somal rejoining mechanisms in plants have provided some insight. By
altering the length of the interfraction period [4] or the temperature
during interfraction period {5] or by feeding inhibitors of protein
synthesis [6] the derivation of eggs from oogonia was much altered.
These treatments flattened the post-valley hill of the oviposition curve
but did not shift the valley in time. Similarly although egg production
changed quantitatively when CofC doses required a day for their delivery
[?] valley position was not shifted. Subsequently & variety of gamma
sources including the Woods Hole Csl37 device has been used but no
changes in vailley position were obtained. The displaced valley reported
herein resulted from spreading the gamma ray exposure over three days.
This is nearly half cf the important first week for insects which have
an active life of little more than three weeks. Females tested
simultanecusly and treated identically except that their exposure was to
X-rays and brief, provided the usual low at the end of the first week.
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Until now we had observed deferment of rhe valley only when studying
females fed radioisotopes [8]. Here too the radiation dose accumulated
over a period of days, but the significance of the observation was obscured
because of the necessary prestarvation in preparation for ingestion
experiments.

That there are efficient recovery mechanisms was revealed by control
level production of egge derived from cogonia of 5r85 exposed females.
Presumably recovery mechaulsms can keep pace even during irradiationm and,
if the dose rate is low enough, presumptive lesions can be corrected before
the irrevocable biochemical events develop.

Cells differing in stage may be expected to differ in the efficieacy
of their recovery mechanisms. Alsc unless the system is completely at
rest, certain cells may progress to a stage of lower vulnerability while
others have entered a stage of high vulnerability before a critical dose
has accumulated. The § stage of braconid interphase oogonia has never
been localized. Perhaps its occurrence i{s related temporally with the
delayed valley.

In these considerations it is important to appreciate that cells
do not necessarily die in the stage irradiated. They die when faced
with an insurmountable cytological crisis such as the mitotic peried
and the endomitotic period necessary to differentiate the polytrophic
contents of the ovariole. We are not concerned about the follicle
because its cells come from a different germ layer and have proved
relatively radioresistant.

In contrast to the radiation response a different type of pattern
for the ovipositionr curve was obtained from females irradiated while in
space flight. The curve most nearly resembles compensating ovipesitional
records obtained from feeding mitctic inhibitors [9]. This type of
responge did not appear either with centrifuged or vibrated females [10].
Therefore, we postulate an effect of low gravity on dividing and
differentiating cellular units of the ovariole. A well established way
to moderate radiation damage to chromosomes is the use of a mitotic
inhibitor such as colchicine [11]. Good egg production and hatchability
can be explained by low gravity contributing a similar influence.

Most of this discussion has centered on egg production. This is
important not merely as the limiting factor to insect fertility but
becauge it provides the same type of curves seen in vertebrate peripheral
hematology {12] and in sperm studies of domestic animals [13]. Now we
shall briefly consider matters which become evident after eggs are
deposited.

Considerable information is already available on egg hatchability
especially for eggs laid during the first week [1]. An additional
contzibution to our growing understanding of embryonic survival is
demonstration of the predominance of stage three deaths when mothers
have been ovipositing for a week or more. The change is age-related
and mot dose-dependent. Depletion of the abdominal fat body and
accumlation of urate deposits characterize actively ovipositing
braconids. Under such circumstances, although the abdomen's important
somatic tissues can sustain life for a neormal span, their efficiency in
supplying nurse cells with the materials needed for oocytes may decline
after a week or more of peak cperation. This could mean that compen-
satory ovipoaition in £light animals would jeopardize eggs to age defects
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by causing more eggs to be depogited late in the mother's life. Even
before oviposition began stress on tissue reserves was experienced by
both ground controls and fiight wasps since they were packaged without a
food supply.

. Stage three deaths indicate that the embryo was able to accomplish
cleavage and form the blastoderm but lacked either the information or
the materials to proceed in development. Nuclear imbalance has
characterized genetically contrived stage three lethals but we are
inciined toward cytosomal defects in explaining the prominance of the
syndrome in Bios experiments. Radiation injury need not enter the
explanation. A. R. Whiting [14] has demonstrated that cytoplasmic
injury does nat kill eggs at the doses employed here. Results with
chemical agents have strengthened our position. A predominance of
stage three deaths can be induced even in young mothers by administering
inhibitors of RNA as well as by agents which cause DNA cross linkage [15].
Perhaps cell divieion and differentiation is proceeding at a faster rate
in the ovarioles than the somatic tissues of an aging insect can
manufacture and transfer materials to the ovary.
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SUMMARY

Three criteria of damage can be employed in radiation experiments
with female braconids. Egg production records provide a measure of
the gross chromesomal and nuclear damage to 2 variety of cell types.
Egg batchability reveals more subtle damage, both genic and age related.
Life span records reflect the ability of somatic tissues to function for
general body maintenance.

The shape of the egg production curve is discussed from the standpoint
of appreciating the cytology of the insect ovariole. Hatchability data are
analyzed with respect to the stage of embryonic development achieved in
unhatched eggs. Large scale experiments performed in conjunction with the
first and second U. §. biosatellite experiments provided striking evidence
of

(1) a deferred low period of egg production from protracted
gamma ray doses delivered in ground experiments,
{2) no pronounced low for females recovered from space £light,

(3) both dose-dependent and age-influenced components of
embryonic lethality,
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DISCUSSION

K.K. NAIR: Could you give some details on the levels of cosmic
radiation inside the space capsule in your experiments and explain whether
you observed any increase in the frequency of recessive mutations?

R.C., VON BORSTEL: If I may answer the first part of this question,
the orbit of Biosatellite Il was below the Van Allen Belt, and hence no radi-
ation from that source contributed significantly to the effect. In fact,
radiation from heavy cosmic elements, as measured dosimetrically on
the spacecraft, was negligible. The recessive lethal mutation data are
still under analysis,

D.S. GROSCH: With the postponement of Biosatellite II until
September, the 20-day oviposition experiments were barely completed
before the deadline set for submission of papers to this Symposium, Ana-
lysis of recessive lethals necessitates study of generations subsequent
to the F1 and so this work is as yet incomplete,
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Abstract

GENE'TIC AND CYTOGENETIC SASIS OF RADIATION-INDUCED STERILITY IN THE ADULT MALE
CABBAGE LOOPER Trichloplusia 0i. The relationship of egg hatch as a function of radiation dose is of
a two-hit namre when irradiated adult males are mated w nop-irradiared virgin females, Sterility as a
function of dose is usually linear in insects, However, other species of moths respond similarly to
irradiation, to it i indicative that the mechanism irvolved in producing sterflity in Lepidoptera {s basically
different from that in other insects, The significance of the two-hit kinetics is discussed in reladoe te
the chromosome structure and possible mechanisms for the Induction of sterility in Lepidoptera. Many
workers using Lepidoptera have reported that females mated to frradjated males oviposit substantially fewer
eggs than normally. This response has been cormelated to a lack of sperm tansfer by irradiated maies,
even though they pase a spermatophore, The phenomenon is dose-dependent. Although Lepidoptera are
far mere radioresistant than other insect species when « ] by the induction of sterility in the male,
there appears o be very little difference when lonpevity is used as the criterion, The radiation dose
required to reduce the lifespan of a newly emerged cabbage looper male by 50% was found to be approxi-
mately the same as that for the house fly, High deses of radfatién have no immediate effect on the
mating behaviour of the irradiated male, With a recessive eye-colour mutant as a sperm marker, it was
determined in tests utilizing double matings that the second mating is the effective mating, Sperm mixiog
is not prevalent; rather it appears to be a "sperm flushing® phenomenon in that sperm from the fipst mating
are displaced by sperm from the second mating, Radiation siudies with the cabbage looper have
demonstrated thar the progeny of a cross where the male parent receives a sub-sterilizing dose of gamma
radiation are often semi-sterile when mated © non-irradiated individogls, The amnount of irherited
sterility is directly dependent on the amount of radiation given the original paren:, A dose of 10 krad to
a b, male, for example. only induces 15 to 20% sterility. However, of the surviving progeny as many
a3 50% will be semi-sterile with 20% being complertely sterile when mated to non- irradiated individuals,
The cytogeneric implications of this are discussed; namely, the effect of diffuse centromeres, and the
induction of reci{procal translocatlons. Data are presented on induced translocation frequencies by various
doses of radiation and the F, ~bred behaviour of these individuals. This approach possibly affords & more
effective tool in insect control.

1. INTRODUCTION

The success of the sterile~male technique in eradicating or controlling
the screw-worm fly, Cochliomyia hominivorax (Coquerel}, [1,2] has led
entomologists to increase their efforts to apply this technique fo many
other insects, Such releases of sterile males into natural populations
have been effective with many species of Diptera [3-7], but to date have
not had great success with species of Lepidoptera. One difficulty is that
Lepidoptera are highly resistant to irradiation when the criterion is
induced sterility, e,g. 30-40 krad are required to sterilize the codling

301
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moth Carpocapsa pomonella L. [8], the European corn borer

Ostrinia nubilalis {Httbner) [9], the cabbage looper Trichoplusia ni
(Hiibner}[10], the tobacco budworm Helicthis virescens F. [11], and the
sugar-cane borer Diatraea saccharalls F. [12], and 100 krad are needed
for the Indian-meal moth Plodia interpunctella (Hibner), and the
Angoumois grain moth Sitogroga cerealella (Olivier) [13]). About a tenth
as much is required to induce male sterility in Dipteran species, and
most require only 4-5 krad administered to the adult, e.g. the screw-
worm [14], the Mexican fruit fly Anastrepha ludens (Loew) [15], and the
house fly Musca domestica 1.

Insects that require 30 krad or more to induce sterility are more
likely fo incur severe physiological and somatic damage than are more
radiosensitive species. In particular, the higher dose makes irradiated
males much less competifive than the unirradiated males in a wild
population. Successful application of the sterile male technique depends
on the production of sterile males that are competitive enough to decrease
the reproduciive potential of the population into which they are released.
Thus, realization of this objective depends on studying and understanding
the effects of irradiation on the reproductive biology of the insects. With
Lepidopteran species it is a distinctly more difficult problem than with
Dipteran species, where sterile males are usually competitive. Only
after the various factors influencing competitiveness in Lepidoptera are
known can the factors responsible for non-competitiveness be overcome.
The studies reported here are therefore an attempt by the authora to
evaluate the factors influencing the sterility and competitiveness of the
cabbage icoper and to suggest solutions to problems encountered with this
and other Lepidopteran species.,

2. MATERIALS AND METHODS

The cabbage looper strain used in these experiments was originally
obtained from the laboratory of the Fruit and Vegetable Insects Branch
of the US Department of Agriculture at Riverside, California; it has since
been maintained at Farge through more than 30 generations. All insects
were reared individually in 1-oz plastic jelly cups on a semi-synthetic
medium [18]. The adulis were fed a 10% solution of sucrose and
maintained at 27.5 + 2°C with a 12-h photoperiod and a relative humidity
of about 75%. Males irradiated as 2- to 4-day-old adulis were used in
single-pair crosses with unirradiated virgin females, The holding cages
were mesh-screen cylinders (7.5 X 17,5 cm). After one night, the males
were removed and the females were allowed to oviposit on wax paper that
was placed around the outside of the cages each day. The next day, any
damaged eggs were removed, and the others were gently bhrushed from the
paper and placed in rows on damp, sterile black muslin or on black filter
paper in sterile petri dishes., The peiri dishes were than placed in sealed
plastic bags, with a wet paper towel around every two dishes to prevent
desiccation, and incubated for three days at 28.5°C. After incubation,
the petri dishes were éxamined under a dissecting microscope, and the
percentage of hatched eggs was determined. The resulting larvae were
transferred to larval diet cups if the progeny were to be recovered,
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Tests of competitiveness were made with one irradiated male, one
unirradiated male and one virgin female, Other conditions were identical
to those described except that the males were not removed from the cages
until the end of the 5- to 7-day test. In these experimenis, the 2- to
4-day-old adult unanaesthetized males were irradiated with gamma rays
from a cobalt-80 source at a dose rate of 7440 rad/min. Since only
adult males were irradiated, mature sperm was the only stage tested.

All females were dissected after the study and the number of
spermatophores in the bursa copulatrix were recorded, as was the
presence or absence of sperm in the spermathecae (determined by
squashing the spermathecae into physioclogical saline solution and by
microscope examination). All cytological observations were made by
squashing the {estes of late-instar larvae and staining with aceto-orcein.

3. RADIATION-INDUCED MALE STERILITY

Thirty krad of gamma radiation causes nearly complete sterility
in the adult male cabbage looper {Table I). The dose-response curve
for induced male sterility is non-linear (Fig. 1) instead of linear as in
most insect Dipteran gpecies (Fig.2), No significant sterility occurs in
the cabbage looper until a dose of over 10 krad is administered, but
sterility thus increases rapidly until little hatching occurs, Thus dose-
response curves for male sterilify in the cabbage looper and other
Lepidoptera are distineily different than for Diptera, The cabbage
looper is apparently more resistant to radiation-induced sterility than
the house fiy, and the origin and nature of the sterility are also different.
The dose-response curve of the cabbage looper, and probably that
of all Lepidoptera, is basic to the use of these species in sterile male
releases. Since large doses of irradiation are required to induce sterility,
the Jowest possible dose must be selected, For example, if a house fly

is overdosed by as much as 20%, only an additional thousand rad or less
are administered. If the cabbage looper is overdosed by the same
percentage, an additional 8000 rad of radiation are absorbed and so large
a dose may cause serious physioclogical damage including the loss of
competitiveness in the sterile male, In addition, as Fig.1 shows,
administration of 40 instead of 30 krad does not increase the amount of
induced sterility appreciably bui represents a 25% overdose.

4. EFFECT OF RADIATION ON LONGEVITY

Although the cabbage looper is far more resistant to induced
sterility than the house fly, the reduction of longevity caused by irradi-
ation of both species with 50 krad was about the sarne (Fig.3). Since
50 krad is only 20% higher than the sterilizing dose for the cabbage looper
and since the longevity of the house fly is little affected at the 4-krad
sterilizing dose, the cabbage looper is comparatively radioresistant in
terms of sterility but not in terms of longevity,

Reduced longevity has variable effects on the efficiency of sterile
males (a detailed discussion is beyond the scope of this paper), but in
polygamous species such as Lepidoptera it has an obvious effect. If
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TABLE I, THE RELATION OF GAMMA IRRADIATION DOSE TO
INDUCED STERILITY IN 3-DAY-OLD ADULT CABBAGE LOOPERS
AS DETERMINED BY INDIVIDUAL PAIR MATINGS

(TREATED MALES X UNTREATED FEMALES)

Dose X 10° rad N“‘::;f of Nuﬂ;:z lf:desss Per :esntD tfatch
0 10261 9287 90,5 + 5.9
1 2896 2662 91,9 (a)
2 4577 4163 80.0 £ 3.2
3 2550 2279 89.4 (a)
4 5285 4820 87,0+ 5.0
H 6277 5227 B3.4 1.5
8 3403 2919 B5,7+1.5
1 3122 2533 82,7 £ 2.9
g8 3589 3055 85.1 20,92
g 1712 1250 73.0 ¢ 5.3

10 8442 5006 89,3 + 9.8
12 2522 1557 61.7 + 0.85
15 2921 1590 4.5 + 0,80
18 1324 291 22,0 (a)
20 175 24 14.9 + 3.5
25 2136 132 6.2 14,86
30 3713 131 3.8+2.1
35 2463 107 4,3 £ 0,70
40 1137 0 ¢ (@)
50 544 0 0 (@

1]

Only one replication,

sterile males only lived long enough to mate once, then either a large
number of males would have to be released or frequent releases would
have to be made.

5. EFFECT OF RADIATION ON THE ARILITY OF THE MALES
TO MATE

The effect of reduced longevity on the mating ability of sterile males
was studied to determine its importance. The 3-day-old male cabbage
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FIG.1. The relationship of radiation gamma dose to induced male sterility (2- to 4-day-old imadiated
males crossed individually with non-irradiated virgin females).
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FIG. 2. The relationship of X-ray dose to the frequency of induced dominaat lethal mutations in d-day-old
adult male house flies,

loopers were irradiated (0-50 krad) and placed individually with virgin
females for one night; mating was determined by dissecting the females
the following day to determine the presence of a spermatophore. The
ability of the male to mate was not initially impaired, even after 50 krad
of radiation (Table II). However, the data do not measure the mating
ability of the irradiated male over a longer period of time, and tobacco
budworm males that received 40 krad were 20% less effective in mating
than the conirols over the lifetime of the males [11],
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F1G.3. The effect of life shortening by gamma radistion for 1-day-old aditlt cabbage loopets and house fly
males.

6. OVIPOSITION ELICITED BY IRRADIATED MALES

A common cbservation by investigators of Lepidoptera has been the
failure of the irradiated male to elicit normal oviposition in matings with
unirradiated females. For example, unirradiated cabbage looper females
mated to males that had received a sterilizing dose of 30 krad oviposited
50% fewer eggs than the controls (Table II), This reduced ovipositien
affects the evaluation of the competitiveness of sterile males, If mating
competitiveness is equal, that is, if one-half the females mate with
sterile males, the egg hatch will be 66%, not 50% of normal (based on
100% for the normal egg hatch of an unirradiated male mated with an
unirradiated female and 0% for the hatch resulting from the cross of a
sterile male and an unirradiated female). Therefore, the sterile male
may be mating compeétitively though he is unable to reduce egg hatch
effectively. Unless this fact is established, lack of competitiveness
might be attributed to a lack of mating ability which would be unfounded.

7. SPERM UTILIZATION

Since the cabbage looper is a polygamous species, we examined the
sperm-utilization pattern of females mated with both sterile and
unirradiated males. Such information is needed to evaluate the effect of
sterile male release into a population on the reduction of that population's
reproductive potential. The effect the sterile male has on the natural
population depends on whether sperm mix in the spermthecae after multiple
matings or are used preferentially, Thus egg hatch depends on whether
sperm are used randomly in fertilizing eggs or whether sperm from only
one mating are used,

Sperm utilizatioh in the cabbage looper was therefore investigated
by using a recessive yellow-eyed mutant as a sperm marker. The
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TABLE II. THE EFFECT OF GAMMA RADIATION ON THE MATING
RESPONSE OF 3-DAY-OLD ADULT MALE CABBAGE LOOPERS AS
DETERMINED BY INDIVIDUAL PAIR MATINGS (TREATED MALES

X UNTREATED FEMALES) FOR ONE PERIOD OF 24 h

Dose X 10% rad Per cent males mated
a &0.00
1 66.67
2 62,50
3 63.158
4 63.64
5 55,88
6 69,23
7 .55
8 48.67
8 61,54

14 60.23
12 64,28
15 56,25
13 66.67
20 40.00¢
25 66,66
a0 65.52
85 46,43
40 77.27
&0 64,28

homozygous yellow-eyed females were alternately mated for one night
each to normal-eyed males and yellow-eyed males, and the progeny were
recovered. Only the progeny from females having two spermatophores
and sperm in the spermathecae were collected, Since cabbage loopers
rarely mate twice the same night, the use of spermatophore counts to
determine the number of matings appears valid. 3ince the mutant is
recessive, any sperm bearing the mutant phenotype produced a yellow-
eyed individual. Sperm possessing the wild-type allele {(normal eye}
produced progeny having normal eye colour.

When a normal male was the first mate and the second was a yellow-
eyed male, about 85% of the resulting progeny had yellow eyes. If the
first mating was with a yellow-eyed male and the second with a normal-
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TABLE III. RADIOSENSITIVITY OF 2- TO 3-DAY-OLD MALE
CABBAGE LOOPERS DEFINED BY DEPRESSED FECUNDITY AS
DETERMINED BY INDIVIDUAL PAIR MATINGS

(TREATED MALES X UNTREATED FEMALES)

Dose X 10° Number of Number of Number of Avg. eggs/

rad fernales eggs eggs/female oviposition
Centrol 22 10261 466.4 148.7
1 S 2896 579.2 144.8
2 10 4577 457,17 143.0
3 El 2550 510.0 127.5
4 14 5285 277.5 101.6
5 18 82717 348,17 125, 5

6 9 3404 378.0 85,08

7 11 312¢e 283.8 120.1
8 7 3589 S12.7 143.8
9 g8 1712 214,0 85.6
10 27 3442 312.7 99.3
12 10 2522 252,2 93,4
15 16 2821 182.6 104,3
18 a 1324 264.8 &8.3
20 4 175 43.8 1.9
25 8 2136 267.0 46.4
30 19 3713 195.4 74,3
35 13 2463 188,95 81,8
40 22 1137 8L.7 24,7
50 14 544 38.9 20,1
Virgin 159 2230 14.0 10,0

eyed male, 98% of the resulting progeny had normal eye colour (Fig, 4);
that is, the last mating was the effective mating.

8., SPERM TRANSFER BY IRRADIATED MALES

If the conclusions concerning pelygamy are valid, the irradiated
male in a test of mating competitiveness must contribute a physiologically
normal (alsc adequate in numbers) complement of sperm at each mating.
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FIG, 5, The relationship of mating to insemination of fermnales by imradiated male cabbage loopers.

In Atteva punctella (Cramer), the primary stimulus for oviposition is
the successful {ransfer of an adequate supply of sperm [17]. This was
true for the cabbage looper; however, irradiated males may transfer
only spermatophores at mating, and they often failed to supply an
adequate amount of sperm or any sperm since this transfer is dose-
dependent (Fig.5). Male cabbage loopers irradiated with 0-25 krad
mated as well as the unirradiated contrels, but as the dose increased,
the percentage of tales that transferred sperm capable of reaching the
spermathecae of the female decreased rapidly. At 20 krad, lesa than
30% of the males successfully transferred sperm to the female compared
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with 63% of the unirradiated males. This failure to inseminate adequately
explains why irradiated males fail to elicit normal oviposition from
unirradiated females, Thus the lowest irradiation that will sterilize the
male must be used if a competitive sterile male is fo be produced.

Studies by other workers with trap collections have shown that
cabbage looper females in wild populations mate an average 2.5 times [18],
as determined by spermatophore counts. Thus, if the sterile male
contributes a normal complement of sperm at each mating, polygamy
will not be a problem and should not detract from the effectiveness or
efficiency of a sterile male release,

9. STERILITY IN THE F, GENERATION

The chromosomes of Lepidoptera have diffuse centromeres [18],
Such chromosomes would impart a high degree of radioresistance to the
induction of sterility [10], because the loss of chromosomal material at
cell division due to chromosomal fragments would not be expected and
therefore stould not lead 10 dominant lesthality. Consequently, the
typical chromosomal anomalies that lead to dominant lethal mutations in
species that have monocentric chromosomes probably do not cause
dominant lethal mutations in Lepidoptera.

However, the diffuse centromere also allows a source of sterility
not available in many other orders of insects. The basis for this unique
transmisgsgible sterility is given helow,

In addition to the loss or reiention of chromosome fragments, we
must consider the consequences of rejoining of the broken chromosomes
and its effect on insect sterility. Broken chromosomes can reunjte in
many ways [20], One type of chromosome rearrangement involving
non-homologous chromoscmes yields one or two acentrie fragments
{without centromeres) and chromosomes with iwo centromeres {dicentric).
At ahaphase of the next somatic divigion, a dicentric chromosome
produces a chromosome bridge which, when broken, results in daughter
cells that are deficient for some portion of the geneiic material and
possess some duplicated chromosomal segments. The result is cell
death — a cytogenetic basis for the lethal action of dominant lethal
mutations. In Lepidoptera, dicentrics of this origin possibly do not exist
because every such exchange is essentially a reciprocal tranglocation,
Most reciprocal translocations do not involve any appreciable loss of
chromosomal material and are therefore transmitted to the offspring.
Thus all of these types of rearrangements are iransmiited to the progeny
which can develop normally. However, at meiosis in the progeny, the
inherited reciprocal translocation could result in the formation of germ
cells that contain duplicated and deficient amounts of genetic material [21].
When these sperm are used in fertilization, they are lethal fo the embryo
for the same reasons that sperm containing a dominant lethal mutation
impart death to the developing embryo in species without diffuse
centromeres, The percentage of sterility in the F; generation caused
by such a rearrangement is then dependent on the number of chromosomes
invalved in the exchanges, [f paris of two different chromosomes are
exchanged, 50% of the sperm or ova produced by an adult will be inviable.
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A iranglocation involving parts of three different chromosomes
theoretically will cause 75% sterility. :

Thus, if several reeiprocal translocations were induced in each
sperm of the irradiated male parent, his progeny would be partially to
fully sterilg, and indeed, this occurs in the cabbage looper [10], Large
numbers of translocations were observed in the developing meiotic germ
cells of ¥, males whose male parents received a sub-sterilizing dose of
gamma irradiation. (The chromosomal configuration formed by such a
reciprocal translocation can be easily detected cytologically in the testes
of F; larvae.) The large numbers of heterozygous reciprocal translo-
cations obtained with sub-sterilizing doses then explain the sterility
observed in the F, generation, Since no sizeable number of dominant
lethal mutations are induced by even relatively large doses of radistion,
dominant lethal mutation in Lepidoptera cannot limit the recovery of the
induced reciprocal translocations as they do in Diptera or in species
having chromosomes with localized centromeres, In Dipteran species,
for example, the induction of dominant lethal mutations in 100% of the
sperm at relatively low doses (below 10 krad) limits the number of
reciprocal translocations that can be recovered.

The diffuse (non-localized) centromeres of the cabbage looper offer
the possibility of using the induced reciprocal translocationsg as a source
of ¥y sterility and as an additional and somewhat unique tool to improve
the efficiency of a sterile male release programme. A lower dose of
radiation for adult males that are to be used in field releases would
probably allow these males to be more competitive. The cross between
a2 male that had received 20 krad and a normal unirradiated female would
produce an egg hatch of 15-20% {Table IV). However, the progeny that
survived to adulthood would be sterile. Furthermore, those progeny
that did survive would be a component in the wild population of the next
generation and would produce a population with inbuilt sterility. Success
of such an application depends on many factors, not all of which are
interrelated, For example, it has yet to be proved that the sterile Fy
male is competitive with unirradiated males. Also, methods of increasing

TABLE IV, INHERITED STERILITY OF PROGENY OF A MALE
CABBAGE LOOPER THAT RECEIVED A SUB-STERILIZING DOSE
OF RADIATION CROSSED WITH AN UNIRRADIATED VIRGIN
FEMALE (F; EGGS OBTAINED BY CROSSING Fy; INDIVIDUALS TO
UNIRRADIATED VIRGINS OF THE OPPOSITE SEX)

Dose received Number of % harch of Number of % hatch of
by P, maile Py eggs Py eggs Fp eggs F1 eggs
{ krad)
Contrel 2783 85,6 2964 g3.4
14 2338 46,0 8298 30.7
15 2088 39.5 5629 11,5

20 2345 15,7 1317 3.8

26
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the induction of translocations with agents other than gamma irradiation
are currently being examined, With increased information about the
production of F; sterility, a practical and efficient method of using this
procedure can be developed that will benefit any sterile male release
programme for the control of Lepidoptera and for other insects having
chromosomes possessing non-localized centromeres.
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DISCUSSION

C.F. CURTIS: 1Idid not fully understand Table IV of your paper,
showing the fertility of the By and F; generations after irradiation. K,
as I understand it, the result for the F;, referred to eggs produced by the
sons and daughters of the irradiated insects, I do not see why these eggs
should not have exhibited the minimum level of fertility, since the effects
of iranslocation would have shown themselves ai this stage,

D.T. NORTH: One must bear in mind that in the case of sterility in
the P, generation one is speaking of largely physiological damage together

26"
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with a certain amount of genetic damage, and in the F| generation one is
speaking of mainly genetic damage, In a sense the dominant lethals, as
they occur in species such as Diplera, are not fully recovered until the
second generation in Lepidoptera.

A.B. BORKOVEC: I was interested in the statement that a radiation-
sterilized male can reduce the fecundity of the female of the species,
There is an analogy here with the observed effects of mating chemo-
sterilized males of the azuki bean weevil {Collosobruchus chinensis) to
untreated females, At first we thought that some of the sterilant was
transferred from the male to the female during copulation and that the
diminished fecundity was a direct effect of the chemical, but for various
reasons this explanation is inadequate and I would like to know whether
you have any data indicating that the drop in fecundity occurred only when
there was no adequate sperm transfer or whether it occurred also when
transfer was adequate.

D.T. NORTH: To the best of our knowledge, when a full complement
of sperm is transferred and reaches the spermathecae of the female, she
oviposits 2 normal number of eggs, it is only when she receives an
inadequate amount of sperm or seminal fluid that her oviposition response
is lowered.

V. LABEYRIE: Your hypothesis on the possible effecis of elimination
of certain secretions normally present in the seminal fluid corresponds to
observations made on females mated with males which had already
performed a certain number of copulations, or where copulation was
artificially interrupted. All these experiments showed successive transfer
of various substances during the period of formation of the spermatophore
within the bursa copulatrix of the female., I Acanthoscelides obtectus
the final substances transferred by the male are those which act to
stimulate migration of gpermatozoa towards the spermatheca; one or more
may well be proieins affecting ovogenesis.

D.T. NORTH: I was not aware of the situation you describe for
A. obtectus, and find it most interesting, A word of caution should be
expressed, however, in that at the present time we are not sure whether
the spermatophore contains any sperm at all and, if so, whether it
containg only inactive sperm or if not, whether it contains accessory fluid,
This is an important point which we hope to elucidate in the near future.
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Abstract — Résumé

DNA SYNTHESIS IN THE GIANT NUCLEL OF ENSECTS - CONTROL MACHINERY AND STRUCTURES
OBSERVED IN THE SILK-PRODUCING GLAND CF Bombyx mori. The existence in many insect organs of
giant nuclef without visible chromosomes ratses the question of possible homotagies between the chromatin
structures of these nuclei and those of polytene nuclei or common euploid cells, Studies have been made
of the nuclei in the sflk-producing gland of Bombyx mori. The DNA synthesis is cyclic, During the thied
stage there are three successive synthesis cycles, which appear to be relatively autonomous in the indi-
viduat muelef. For more than 24 hours after moulting, however, synthesis is greatly reduced; moulting
factor thus cause synchronization of all the muxctei. This leads to the conclusion that the triggering of a
synthesis cycle is contmolled by general factors external to the cell. At the end of larval developrent,
DNA synthesis is suspended at the moment when large-scale secretion of silk begins. Evaluation of the
pool of endogenic precursors of DNA shows that it is considerably reduced at the end of the DNA synthesis
pesiod, The hypothesis proposed is that large-scale synthesis of fibroin requires polarization of the meta-
bolism, hence the depletion of the nuclectide pool and the end of DNA synthesis. DNA synthesis within a
single nuclews is to some extent asyncheonic. In particnlar, a well-defined, delayed-synthesis structure
visible oply in the female seems to be a possible homologue of a sex chromosome. Other asynchrontsms
are also apparent, though less clearly. Functional shalies thus allow the supposition that in the giant
nuclens replication units retain an individunality comparable to that of a polytene chromosome,’ These
observations together lead to the conclusion that a pucteus in the silk-producing gland has physiclogical and
structural characteristics similar to those of a polytene nucless, differing from it essentially in the lester
degtee of condensation of its structures.

LA SYNTHESE D'ADN DANS LES NOYAUX GEANTS DES INSECTES — MODALITES DE CONTROLE
ET STRUCTURES OBSERVEES DANS LA GLANDE SERICIGENE DE Bombyx morl. L'existence, dans beancoup
d'organes des insectes, de noyaux géants, sans chromosomes visibles, pose la question des homologies
possibles entre les structuzes chiomatiniennies de ces noyaux et celles de noyanx polyténes ou de cellules
euploides banales. Des &tudes ont port& sur les noyaux de la glande séticigéne de Bombyx mori. La
synthikse d'ADN s'effectue de fagon cyclique. Au cours du 3tme 8ge, on dénombre tols cycles successifs de
synihise. D'un noyau i l'autre, les cycles de synthise paraissent se dérouler de fagon relativement auto-
nome. Cependant apres la mue, et durant plus de 24 heures, la synthise est trds réduite, les factenss de la
mue déterminant ainsi une mise 3 l'unisson de 1'ensemble des noyaux. Ces obsetvations obligent 3 con-
clure que le déclenchement d'un cycle de synthEse est contrdlé pae des facteurs génfraux extérieuts &
Ia cellule. A la fin du développement larvaire, la synihiese d'ADN est smspendue au moment ot commence
1a séerbtion massive de soie. L'Evaluation du pool des précurseurs endogines de 1' ADN montre que celui-ci
est considérablement réduit & la fin de 1a période de synthtsede1’ADN, L'hypothse avancée est que ta synthése
massive de fibroine exige une polarisation du mEtabolisme d ol tésulteraient I'appauvriszement du pool des
nucléotides et 1*arrdt de la synthise d*ADN.
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L'existence, chez les Insectes, d'organes formés de cellules géantes
pourvies de noyaux endopolyplcides pose de nombreux problémes. Les consé-
guences de ce mode particulier de la différenciation cellulaire restent en—
core inconnuves pour la plupart. En revanche, nous commengons & entrevoir ume
partie des mécanismes responsables de cette &volution. Dans les noyaux poly-
té&nes, la réplication des chromatides parait correspondre aux structures et
aux processus correspondants d'une cellule normale, tandis qu'ont disparu
les &volutions caractéristigues de la prophase ainsi gue les &léments ciné-
tigues de la mitose. Cependant, dans la plupsrt des noyaux géants, toute
trace de structure chromosemique est apparemment absente. De sorte que 1'on
peut se demander si ls synth&se &'ADN et sa régulation, sa composition et
les structures suxquelles il est attaché, ne répondent pas alors & une forme
plus dégradée encore des cycles nucléaires habituels. C'est & ces questions
que nous avons tenté 4'apporter guelques Eléments de réponse.

La figure 1 rappelle un certain nombre de subdivisions que 1'on distin-
gue habituellement dens les processus qui gouvernent la synthése dA'ADN. Au
sein de checune de ces divisions interviennent des #léments réguleteurs. Et
¢'est évidemment au niveau de ces &léments qu'il faut chercher la ceuse &u
gigantisme cellulaire. Dans une cellule diplofde, ces processus conduisent
généralement & la réplication conforme d'un ADN de composition moyenne in-
changée. Et 1'on peut se demander si les noysux endopolyplofdes obfissent &
cette régle ou si leur structure particuligre sautorisersit certaines dévia-
ticns.

Les données que nous avons rassemblées concernent les noysux de la
glande s€ricigdne de Bombyr mori. En passant, nous rappellercns quelques
donnges comparatives tirfeas de la littérature en nous référent le plus sou-
vent possible & des publications comportant tme revue biblicgraphique &ten-
due.

Facteurs généraux dans Facteurs propres a
le mlileu intérieurtéiéments chaque type cellulaire
trophigues,jons minéraux
hormones....»

Synthése des Structure de UADN
précurseurs directs modeéle avec ses

de I'ADN proii?nes protéines associees

|

Synthese d'ADN

Synthese

dATP
dTTP
dGTP
dCTP

.
ADN-Polymérase

FIG.1, SchEma simplifié des principaux processus susceptibles d'intervenir dans la régulation de la
synthéze d"ADN,
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1. LA SYNTHESE DE L'ADN DANS SES RAPPORTS AVEC LA PHYSIOLOGIE DE L'ORGANISME

De pombreuses observations, faites chez les Vertébrés, ont montré
qu'une multiplication cellulaire localisfe peut &tre provoquée par des
facteurs d'ordre général, hormonal ou sutres t:., 2}. Pour les Insectes, on
citera plus particulidrement deux catdgories dfcbservatioms :

D'une part, HADORN {3} constate que les cellules des disques imagineux
de Drosophile se multiplient in2éfiniment lorsque ceux~ci sont implantés
dans 1'sbdomen d'un imago. Au contraire, leur muitiplicstion s'arr@te pour
faire place 4 la différenciation si les mBmes disques sont greffés & la
pupe.
D'autre part, KRISHNAKUMARAN et coll., {L4} décrivent, dans certains or-
ganes des larves de Saturnides, une synchronisation de 1a synth@se 4'ADN Far
rapport & le mue. Des sbdomens de nymphes isolfés n'effectuent pas de syn-
theése 4'ADN au nivesu de 1'hypoderme ; celle-ci reprend lorsqu'orn leur
greffe des glandes prothoraciques actives. Ces auteurs en concluent que la
fourniture d¢'ecdysone d€clenche 1la synthdse d'ADN dans un certain nombre de
tissus,

Dens la glande séricigine de Bombyx mort, les noysux grandissent, sans
se diviser et sens jamais former de chromosomes distincts, Jusqu'd donner
naissence & des structures gfantes multilobfes, qui peuvent contenir une
quantité A'ADN 10" fois supérieure & celle d'un noyeu diploide.

Chez des animaux d4'8ges croissants, le dosege de la quantité totale
d'ADE montre gue la synth&se répond & wn temps de doubiement régulier d'en-
viron 43 heures, coupf par des phases de synthise ralentie, dursnt 24 & 48
heures, su voisinage de chaque mue (fig. 2) {5}. Les résultats de ces ena-
lyses scnt confirmés par 1'&tude cytologigue. 8i on injecte, & wm animal,
de la +thymidine tritife puis, aprés un certain intervalle de temps, de le
thymidine 1%*C, on pourra distinguer, parmi les noyaux marqués, ceux qui le
sont par le tritium ou par le carbome on poar les deux marqueurs. Lorsqu'on
fait verier I'intervalle de temps qui sépare les deux injections, on cons-
tate une variation corrélative dans 1a proportion des marquages mixtes
(fig. 3). Sur ce graphique, 1'intervalle entre deux maxima représente la
dure qui sépare deux phases de synthése 4'ADN au sein d'un méme noysu.

Quantité d'ADN par cellule

100 4

r—d

10

j4® mue 1 L
10 15 20 25 30 35
Temps en jours

FIG.2. Evolution de la quantitZ d*ADN das la glande séricigene de Vers 2 soie d'iiges crofssants, Les
temps sont exprimes en jours A partir du premier repas. Les quantités d*ADN sont exprimées en ng
(= 1076 mg).
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%de marquages mixtes
100% |
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.,
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FIG.3. Evolution du pourcentage de noyaux manifestant un marquage mixte en fonetion de 1'intervatle
entre les deux injections de thymidine 3H et “C. Vem du troisitme dge. La premidre injection est
pratiquée 1 la sortie de mue.

Appliquée systématiquement aux vers du 3&me fge, cette méthode a démontré
1texistence de troie cycles de synth@se : le premier dure 60 heurea, bandis
que les deux suivants durent moins de 48 heures. Au moment de la mue, le
nombre de noyaux marqués per ume seule injection tombe aux alentours de 25%
glore qu'il peut dépasser 75% wn jour plus tard.

Ces obmervations conduisent & penser que, aprés la mue, les nOy&UX
winent & leur fin les synthdses d&jd coumencées mais suspendent 1'entrée
dans un nouvesu cycle : dans cette hypothise, la durée prolongée du premier
cycle merait la cons€quence d'unretard dans le déclenchement de la synthése.

L'existence de cebte discontinuité présente 1'avantage £vident 4'assu-
rer une homogéndisation entre les divers noyaux de la glande : en 1'absence
de ce processus, en effet, la varigbilité individuelle des divers noyaux
pourrait introduire des Qifférences croissantes dacs leurs développements
respectife. Il parait Evident que cetie discontinuité trouve szon origine
dans wn Facteur extérieur & la glande. Les cbservations de KRISHRAKUMARAN
inciteraient 4 en chercher la cause dans un changement de la situstion en-
docrine. Cependant, bien d'autres facteurs peuvent &tre invoqués, comme des
modifications au miveaun de mitabolites essentiels, tels qu'ils peuvent ré-
sulter des processus de B mie associfs au jefine que subit 1'animel i ce moment.

2. LA REGULATION DE LA SYNTHESE D'ADN AU NIVEAU DU METABOLISME . CELLULATRE

Loreque plusieurs noyeux se trouvent dans une méme enveloppe cellulai-
re, on constate en général que leur comportement est &troitement synchroni-
g&. L'une des plus intéressantes expériences effectufes en ce sens a com-
port®s 1'utilisetion de noyaux prélevés dans le tissu nerveuz d4'wn Xenopus
adulte et donc présumés incapables de se diviser : lorsqu'ils sont injectés
& des oeufs, ces noyaux effectuent une synthése d4’ADN 6}. Cette homogénéi-
té du comportement nucléaire ne peut &tre due qu'd des facteurs intracellu-
laires.

Parmi les &léments susceptibles d'intervenir & ce niwveau, plusieurs
suteurs ont noté 1'existence d'ume corrélation entre l'importance de la
synthdse d4'ADN et certeines variations au sein du systéme producteur des
rucléotides précurseurs de 1'ADN [T). Dans la glande séricig@ne de Bombyx
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hous avoms pu constater wne Evolution du pool des précurseurs thymidiligues
gui parait en rapport awec 1'intemsité de la synthése d'ADN. Ce pool des
précurseurs thymidiliques reprfsente e quantité extrémement faible, envi-
ron mille fois plus petite que la quantité de thymine présente dans 1'ADN
de la glande. Bon &valuation n'a pu &tre faite gque par des méthodes indi-
rectes fondées sur 1'&tude cinftigque des conditions de compétition enmtre la
thymidine radicactive exggine et les précurseurs endoglnes, dans des glan-
des explantées <n vitreo |8},

L'engemble des mesures effectufes conduit aux résultats du tableau I.

TABLEAU I. SYNTHESE DE L'ADN ET NIVEAU DES
PRECURSEURS ENDOGENES

(Les chiffres sont donnés en quantité de

thymine {uM) pour 100 mg d'ADN)

Incorporation horaire Quantité prészente
Age de la glande &tudife dans la dans Jle
synthése d"ADN pool endogéne
Léme jour du Séme &ge 20 & 0 10 & 20
6&me jour du Séme Bge 5 1

L'existence de ces variations eu nivean du pool des précurseurs est
intéressante & plusieurs titres :

1. Elie conduit & considérer avec prudence toutes les &veluations
quantitatives de la synthdze d'ADN fondées sur des mesures d'incorperation
d'un précursewr radioactif. Chaque foiz gque des &valuations comparatives
portent sur des cellules différentes ou sur des stades 8loignés de la vie
d'un animal, ellee doivent prendre en considération wne possible variation
au sein du pool des précurseurs endogines avec lesquels le précurseur ra-
dicactif entre en compétition.

2. Les rapporte entre ces variatione et les changements dzns la
synth&se d'ADK peuvent 8tre congus de deux fagons su moins. Ou bien on supe
posera que la réduction du pool des précurseurs est une conséquence indi-
recte d'une eynthd@se A'ADN diminu€e ; ou bien on admettina que La synthéase
réduite d'ADN résulte de 1l'appeuvrissement en précurseurs.

En 1'absence d'indications précises, la premidre hypoth@se conserve mn
caractére splculatif &vident. Au comtraire, de nombreuses observaetions dé-
montrent que si, par l'emploi de moyens g€nétiques ou physiologiques appro-
priés, on limite la formatiop des précurseurs, la synthise d'ADN se irouve
trés rapidement bloqufe. Dans la glande séricigdne de Bombyx mori, on peut
fort bien supposer gue la mobilisation des aptitudes métaboligues de la
cellule vers la synthése massive de fibroine entraine des déficiences au
niveau d'autres secteurs comme celui qui intSresse la gendse des précur-
seurs thymidiliques. On touche peut-&tre alors mn espect particulier de ce
probléme trés général d'un certain degré de contradiction entre la maltipli-
cation et la différenciation cellulasire.
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3. LE CONTROLE DE LA SYNTHESE D'ADN AU NIVEAU DES STRUCTURES CHROMOSOMIQUES

On sait aujourd'hui que 1'ADN d'un noyau est formé par un certain nom-
bre d'unités indépendantes de réplication. Entre ces diverses unités, la
synthese se déroule selon un ordre et avec des durées relatives qui semblent
caractéristiques (9, 10). L'étude des chromosomes polyténes des Diptéres
est, & cet égard, partlcullerement intéressante car elle autorise un pous
voir de résolution trés &levé (ll 12}. C'est ainsi que PLAUT et NASH flS}
reconnaissent, dans un seul chromosome géant de Drosophile, au minimum 50
unités de réplication distinctes.

Dans les noyaux endopolyploides sans structures chromosomiques visi=
bles, 1'cbservation de synth&ses asynchrones d'ADN est guasiment inexistan-
te. Une exceptlon remarqueble est représentée par le macronucleus du cilie
Euplotes ou deux ondes de synthése progressent depuis les extrémités vers
le centre du noyau (lh 15, 16}.

Chez Bombyx mori, le marquage obtenu aprés incorporation de thymidine
radioactive est en général egalement réparti sur 1l'ensemble du noyau. Ce-
pendant, des_marquages 1imités & certaines parties du _noyau ont pu &tre
observés [lT). Ces marquages localisés appartiennent & deux types diffé-
rents. Les uns présentent la forme d'une tache circulaire dans laquelle la
synthése d'ADN est retardée par rapport au reste du noyau (fig. 4). D'autres
au contraire correspondent & des structures épaisses de forme allongée,
(fig. 5) La tache circulaire est aisment identifiable et semble corres-
pondre & une structure de la chromatine plus dense que le reste de la chro-
matine nucldaire. Cette tache est généralement unique : sa taille s'accroit
lorsque 1'animal grandit ; elle se rencontre seulement chez les individus
de sexe femelle. L'ensemble de ces caractéres milite en faveur de 1' identi-
fication de cette structure avec 1l'hétérochromatine sexuelle : on sait, en
effet, que chez le Ver & soie le sexe femelle est hétérogamétique.

o -
.

FIG. 4. Marquages nucléaires montrant la tache 2 incorporation tardive, Sur la figure de gauche, on voit
aussi un noyau intégralement marqué. Vers du troisieme. 4ge.

Les structures de forme allongee, en revanche, peuvent &tre présentes
en plusieurs exemplaires au sein d'un méme noyau. Mais leurs caractéres mor-
phologlques sont trop peu différenciés pour permettre d'établir des homolo-
gies précises d'un noyau & un autre. Il semble difficile d'échapper & 1l'hy-
pothése que ces structures représentent d'authentiques chromosomes géants.
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En 4éfinitive, 1'emploi de merquages radicactifs permet de reconnsitre
au sein des noyaux de la glande sé€ricigéne des unités de répiication qui
prépentent certains caractéres de structures chromosomiques gipgantesques. Si
1'on admet cette interprétation, on est conduit & supposer gue l'ensemble du
noyau pourrait 8tre formé par l'apposition de telles structures dont le con-
tiguifté interdit normalement de discerner les limites. La forme multilobée
du noysu pourrait &tre une cons@quence de 1'aspect allongé de ces structures
&troitement accollées entre elles. Le nonbre de ces 8léments correspond-il
s nombre des chromosomes ou & un chiffre différent ? Les domnfes actuelles
sont encore insuffissntes pour répondre & cette question. On notera seule-
ment gqu'uwme @velvation du volume nucléaire et du volume de ces structures
mortre gue le noyau serait susceptible de contenir entre 20 et 60 &léments
de ce genre, tandis que la garniture haploide du Ver & soie est forme ds
28 chromosames.

k. EXISTE-T-IL UNE SYNTHESE DIFFERERTIELLE D'ADN ?

Malgré 1'existence de réplications asynchrones su sein d'un méme noysu,
cn sdmet le plus souvent que le cycle complet de synthése corresponde & un
doublement rigoureusement conforme de 1l'ensemble de 1'ADN prfexistant., Ce-
rendant, des cbservations relativement isol€es semblent inviter & la pru-
dence, D'une part, chez la Droscphile, plusieurs auteurs remarguent que la
quantité 4'ADN hétérochromstique est relativement ré&duite dans les chromo-
somes polyténes par rapport 4 sa proportion dans les cellules euploides.
Dautre pert, des zones de synthéses excessives A'ADN (jusqu'd 15 fois la
synthése normele) ont &té notées dans les chromosomes de Sciara et Rhyncho-
sciara. La question se posait donc de savoir si la structure endopolyplolde
n'est pas susceptible de favoriser la synthépe préférentielle de certains
secteurs du génome, copduisant Eventuellement & un chengement dans 1s compo-
sition moyenne de 1'ADN. Pour vérifier ce point, nous avons choisi de compa-—
rer 1'ADN d'embryons & celui extrait dJde la glande séricigine. La méthode
d'analyse employfe a consisté & isoler, dans 1'ADN, les divers oligonucléo—
tides pyrimidiques de mEme longueur, ou igcplithes, et & analyser ceux-ci
en gquantité et en composition (18). Cette méthode fouwrnit, pour un mifme ADK,
un ensemble de résultats gui peut comprendre plus de 15 paramétres d'identi-
fiecation indfépendante. Les résultats obtenus montrent gue, s2u degré de sen—
8ibilité extréme ainsi obtenu, il n'existe sucune différence significative
entre la composition moyenne de 1'APN dens la glande séricigéne et la come
position de 1'ADN d'embryon. Ainsi, ume différenciation ceilulsire extréme
ne parait pas, dans ce cas, comporter un changement visible de la composi-
tion de 1TADN.

CORCLUSIONS

En définitive, 1'ensemble des analyses que nous avons effectufes tend.
4 démontrer gue la synthése de 1'ADN cbéit, dans les noyaux endopolyploides
de la glande séricigdne, & la plupart des régles généralement observées dans
les cellules diploldes.

Dans chaque noyau, la synth&se s'opire selon un processus cycligue dont
chague &lément correspond sans doute & uwn doublement. Au sein d'un cycle de
synthése, on découvre des asynchronismes mettant en &vidence 1'exietence
d'unités de ré€plication qui prEésentent bien des caractéres de chromosomes
gigantesques. Au cours de la synthése, la composition de 1'ADH semble exac—
tement conservée. BEnfin, le déterminisme de la synthése obéit & givers
facteurs dont Jes ums sont extérieurs & la cellule tandis gue d'autres lui
sont internes.
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L'acquisition la plus importante paralt concerner la nature et la
forme des unités de réplication. Bien qu'il soit encore diffieile d'expri-
mer une opinion définitive sur le nombre de ces unit€s, les &léments re-
cueillis semblent indiquer que les unités observées pourraient correspondre
au nombre des chromosomes, Cette situation rappelle fortement les disposi-
tionz bien comnues au niveau des noyaux polyténes. Elles tendraient & faire
penser gue, dans le cas de la glande séricigéne comme dans celui des noyaux
polyténes, les #léments chromosomiques homologues restent associfs pour
former des mmités d'ordre supérieur & comportement synchronisé. Cette situe~
tion correspord vraisemblablement & 1'absence du processus de condensation
caractéristigue de la prophase mitotique.

L'une des questions qui se posent est de savoir si cette structure
n'est réalisée que dans les noyauz endopolyplofdes de la glande aéricigéne
ou gi elle peut exister égelement duns d'autres organes et dans d'autres
espices. B5'il en &tait ainsi, orn trouversit 14 un 81ément d'unification
entre les processus de difffrenciation cellulaire particuliers sux Insectes.
{n notera, seulement, pour terminer, que la prudence apparait nfceassaire
svant une généralisation trop &tendue. Si 1'on considére, en effet, les
noyeux polyploides des Protozcaeires, il apparait gue les cbservationt Faites
chez Euplotess justifieraient peut-&tre wune extension des hypothéses précé—
dentes. Au contraire, les &tudes concernsnt la régénération du mecronucleus
chez Parameeiwm ou la division nucldaire chez le Radiolaire Aulacantha,
conduisent & admettre 1'existence de sous-noyaux distinets formés chacun
d'un assortiment chromosomigue complet, De sorte qu'un ensemble d'gbserves
tions conduireit & supposer l'existence d'une série d'&tapes intermédiaires
entre la mitose classigue et le processus de multiplication que révélent les
chromosomes polytenes. L'&tude comparative de ces divers processus est cer-
tainement de nature & nous apporter des &claircissements importsnts concer-
nant les relations entre les diverses composantes de ls division celiulaire.
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