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FOREWORD

The effectiveness of the sterile-insect technique (SI1T) was amply demonstrated even before
the recent steep rises in oil prices, With the increasing cost of oil-derived insecticides, the SIT
becomes all the more important since the efficient use of this technique depends on mirimizing
the application of insecticides and maximizing the utilization of local resources. In this context
the SIT is an effective and environment-sparing alternative to indiscriminate use of chemical
control, and is especially significant for developing countries with their limited foreign exchange
and still relatively unpolluted environments, Many of these countries rely heavily on agricultural
exports of fruit and fruit products for their foreign exchange. Appropriately, most 81T campaigns
up to now have been directed against fruit flies.

Since the previous FAQ/IAEA panel on the control of fruit flies by the SIT, published by
the TAEA in 1970 under the title “Sterile-male Technique for Control of Fruit Flies”, much
progress has been made and aspects of the SIT sc far ignered or neglected have come to receive
increasing attention. Among these aspects is quality control by flight-mill studies, mating speed,
and measurement of genetic distance between populations by allozyme analysis. In additien,
new field opérations using sierile releases and related techniques have been carried out against
such pests as medfly, melon fly, cherry fruit fiy, olive fly and onion fly. A panel and research
co-ordination meeting to survey these developments was held by the Joint FAQ/IAEA Division
of Atomic Energy in Food and Agriculture in Vienna on 12—16 November 1973 and the present
book contains the proceedings of that combined meeting.

Since then insecticides have become even more costly, and the containment of fruit flies by
methods less reliant on insecticides has taken on a new urgency. The need for such fruit=fly
containment and for its timely application can be strikingly iflustrated by an example taken
from Central America. The Mediterranean fruit fiv, which first appeared in the 1950s in Central
America, has surged northward throughout this area and is now poised to invade Mexico. The
economic significance of an unchecked spread of this pest is reflected in an estimated annual
loss of $6.8 million for the Central American area excluding British Hoaduras and Mexico,
Should the medfly invade those two countries, their citrus industries would suffer a combined
annuval loss of $6 million. Should the medfly gzo unchecked and invade the United States, the US
fruit industry would lose annually about $85 million for citrus and $200 million for deciducus
fruits, These figures come from “Economic Survey of the Mediterranean Fruit Fly in Central
America”, USDASUSAID Field Report No. 21, by R.G. Henning et al. (1972).

This situation in Central America has revived interest in the Joint UNDP/OIRSA/IAEA
co-operative project. Seven countries in this area collaborated in the project from 1965 to 1970;
although the outcome was a successful demonstration of medfly suppression by the SIT, there
was unfortunately no practical sequel to it. In 1974, remedying this situation would have
required the investment of an estimated $20 million in a five-year campaign of eradication
culminating in area-wide releases of sterile medflics. In spite of this heayy cost, eradication was
stilt at that time considered a feasible and economically possible proposition. Now, however, in
1915, prices have rockeied so steeply and the pest has spread so widely that eradication may no
longer be economic or practicable, and containment including the use of guardian populations of
sterile flies may be a last resort. Because of its particular relevance this book includes as an
appendix a paper by R.H. Rhode, criginally planned for the 1974 IAEA Symposium in Innsbruck
on the Sterility Principle for Insect Control. This paper describes some of the organjzational,
strategic and technical aspects of what, under Central American conditions, has become a formi-
dable zndertaking.

It is hoped that the present book will be a useful addition to the series of panef and
symposium proceedings published by the IAEA on the sterile-insect techmigue, and will
encourage redoubled efforts in the use of this non-polluting method of controlling fruit flies.
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THE STERILE-INSECT TECHNIQUE
FOR THE CONTROL OF FRUIT FLIES

A survey

E.J. HARRIS

Hawaiian Fruit Flies Lab.,
USDA, ARS,

Honolulu, Hawaii,

United States of America

Abstract

THE STERILE-INSECT TECHNIQUE FOR THE CONTROL OF FRUIT FLIES: A SURVEY,

Some advantages of the steriie-{nsect technique (5IT) are its minimuwmn contribution to environmental
polluticn and irs mintmuwm adverse effect on non-target organisms. A review is made of the melon fly and
sterfle Mediterranean fruit fiy release programmes, the accomplishments, and the {mplications, Recom-
mendations are made for research leading ta development of methods for practical use of the S[T.

INTRODUCTION

In the United States in recent years, the sterile-insect technique {SIT)
has emerged as an imporiant appreoach to biological control of pest insect
species and an aliernative to chemical control. This technique {(here, this
term means the release of sterile male and female insects) of controlling
fruit flies (Tephritidae) was adopted early in Hawaii (Steiner et al., 1962,
1985), noi long after Knipling reported on this bio-control principle and
Baumhover et al. (1955) demonstrated its practicality. Subsequently, other
tests of the technique were made by Chelkh et al. (1975}, de Murtas et al.
(1570}, LaBrecque and Keller (1965), Lopez-D. (1970), Mellado et al. {1970},
Monro (1865), Rhode et al. {1971}, Shaw and Riviello {(1965), Steiner {19689),
and Steiner et al. {1962, 1965).

The duty of this panel is to review the research involving SIT, to note
the progress made, and to determine what needs to be done to accelerate
pragress toward the ultimate goal, the routine use of the SIT for practical
centrol of fruit flies.

PROGRAMME REVIEW

Trends toward integrated control (Stern etal.,1959) and pest manage-
ment programmes that involve the use of parasites, predators, and insecticides
have recently become pronounced {(Huffaker, 1971). This approach is a
logical development since it should avoid or minimize the development of
insect resistance to pesticides, reduce the amounts of pesticide used, and
avoid the elevation of secondary pests to the status of major pests as a
result of the destruction of beneficial insects. However, effective integrated
control and pest management require basic information about the ecology
and seasonal populations of the target speciea, about their parasites and
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predators, and about other elements in the insect fauna. Likewise, the eco-
system of the pest insect must be monitored constantly during control
operations to determine or predict effects on the pest species and other
species. This same information and thinking is also mandatory when the
SIT is to be used. Indeed, almost all intelligent methods of insect control
require ecological knowledge, but the SIT normally requires very much
more, for example, data on dispersal, migration, mating habits, and density.

There are few disadvantages io the SIT if it is used when it will work.
For example, it was used successfully by the Hawaiian Fruit Flies Laboratory
to eradicate the melon fly, Dacus cucurbitae Coquillett, from Bota in 1963
(Steiner etal., 1965). Also, eight incipient outbreaka (undoubtedly started
by cyclonic winds carrying flies from Guam 37 miles away} have been
stopped on Rota during the last 10 years. These successes are good evi-
dence of the effectiveness of the technique when it is used properly: the
method will eradicate pests and will contain cutbreaks af minimum cost. However,
the technique has not always been successful against the melon fly. For
example, when it was used in Guam between 1869 and 1972 (Government of
Guam, Department of Agriculture, unpublished data}, the sterile flies
proved to be non-competitive, and the monitoring system inadequate; also,
the topography of the island was such (ecological niches in which large
numbers of the fly could breed undetected} that reinfestation of cleared
areas occurred quickly.

The success of the SIT against the Mediterranean fruit fly, Ceratitis
capitata {(Wiedemann), also depends on careful planning. However, interest
in suppressing this species is high because of the medfly's worldwide
economic importance. As a result, releases of sterile medflies have been
made in Hawaii, Italy, Spain, Cyprus, Peru, Argentina, Australia, Chile
and Israel, and, more recently, in Costa Rica and Tunisia. The most
important of these tests, because of the size and the potential for practical
control, were those made in Costa Rica and Tunisia. The efforis of Rhode
etal. (1971) achieved successful suppression of the medfly in Costa Rica.
Also, Cheikh etal. (1975) reporied satisfactory results against the medfly
in Tunisia.

The SIT is young and is evolving. This evolution must proceed in a
reasonable way. Let us therefore look at these most recent efforts to use
the technique 1o see what lesson we can learn.

EVALUATION OF RECENT PROGRAMMES

In both Costa Rica and Tunisia the original experimental area was quite
large, but in each case, after 1 or 2 years, it was reduced to a size that could
be adequately overflooded with the available sterile medflies. Afier the
experiment had been carried ocut the original estimates on the resources
needed to handle the experimental areas were seen to be unrealistic. Unfortu-
nately, methods do not exist at present for obtaining in advance completely
realistic estimates of what is needed to implement such large~scale pro-
grammes. Even a success with the technique in a small area does not
neceggarily provide the information required to set up a large-scale test.
Such difficuliies cause seme critics to say that the SIT is not practical.
However, I do believe that the method is practical and that it can be used
efficiently when rearing and release techniques are correct and ecological
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conditions are right. In the case of sterile-insect release projects in Costa
Rica and Tunisia, the rearing programmes were effective after some minor
problems were worked out; much credit for this is due the laboratory per-
sonnel who were enthusiastic and careful; also, it is comparatively easy to
check that reared insecis are developing well. The question of the right
release techniques and the resulting data (irap recoveries and fruit sampling)
is not as eagy to check. Similarly, ecological conditions that depend on the
co-operation of large numbers of people {like sanitary measures) are diffi-
cult to predict or achieve in any such large-scale tests.

The successes in Costa Rlca and Tunisia were limited in both duration
and scope. However, the experiences greatly aided the development of the
SIT. We must obtain such base-line information before we can proceed to
the next level of the development process; we must profit from past mis-
takes; and we must use all the data obtained in planning subseguent large-
scale tests.

RECOMMENDATIONS AND FUTURE RESEARCH

Obviously, large-scale tests of the SIT are expensive, and favourable
results cannot be guaranteed. However, chemical treatments for pest control
fail {00 sometimes — perhaps because of rainfall, incomplete coverage,
drift, or insect resistance. To correct for difficulties of this type, we try
to co-ordinate ireatments with the optimum weather conditions, give better
coverage of the crop, or reduce retreaiment intervals. Failures with pesti-
cides are therefore accepted and not usually attributed to the method ~
like they are with the SIT. Likewise, failures with released parasites and
predators are accepied on the basis that a good system of evaluating and
maximizing their effectiveness has not yet been developed; the SIT deserves
gimilar forbearance.

To develop the system necessary to succeed withthe SIT, we should
co-ordinate our efforts, we should share information, and we should mini-
mize duplication of effort. Also, we inust recognize that in small-scale
tests with sterile medflies, we can control the programme and study all
necessary parameters. In the large-scale tesis, we cannot control every
detail, and we can monitor only the most important parameters. Also, it
seems that when the size of the release area doubles, the resources needed
apparently quadruple. A major area of future research will therefore involve
the determination of the really essential parameters for a given fest. We
lmow that they vary with the location and test conditions. In Hawaii, the
choice of iest site is not simple, and pretreatment to suppress the native
fly population is necessary. Also, the average population level is high and the
climate is favourable for the medfly so success ig difficult in Hawaii. How-
ever, even if we do not have the most favourable climatic conditions in
Hawaii and do have many favourable inaccessible areas in which the fruit
flies breed, we still have areas where we can conduct large-sgcale tests
with sterile releases alone or in combination with poison baits and male-
annihilation treatments.

Nevertheless, we have not made sufficient studies of the ecological
relationship between fruit flies and other insect fauna in the environment.
For example, as noted, the ecosystem in Hawaii is characterized by a climate
that is favourable for fruit flies but not particularly favourable for dependable
control operations, and topographic conditlong that make access difficult
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to many areas. However, on Tinian in the Mariana Islands, where the eco-
system is sgimpler than on Hawaii, the melon fly disappeared in 1963 despite
apparently favourable conditions; we do not know why. Since we should
implement sterile fruit fly release programmes when natural factors are
exerting their mazximum suppressive effects on the native fly population,

we must know when these factors are exerting their maximum effects.

In Israel, Tunisia, Morocco, and probably Algeria, the climate in the
citrus-growing areas is such that the crop must be protected in summer
and fall to reduce damage to the fruif from females and from larvae; and
such proteciion is by chemical means. As a resuli, in contrast, in Tunisia,
the medfly problem is particularly severe in those locations where fruits
that mature at various scasons of the year are grown near citrus; also the
land area used in citrus production is smaller, and there is more intensive
cultivation of this land, which aggravates the problem. (When citrus is
grown in large pure and isolated stands, the medfly problem is less severe.)
Bait gprays, the immediately effective method, and the SIT, the long-term,
long-lasting, effective method, may therefore be compatible in Tunisia and
these other countries but priority must be given to meeting immediate needs.

In addition, the SIT may not work against all fruit fly species or even
againsti the same species in all the areas of the world in which they are
found, This is especially true if a system of reducing populations to a
manageable level and if accessibility to all favourable ecological niches are
not possible.

Finally, in my opinien, priority should be given to the development of
pheromones, female lures, and a more efficient method of monitoring popu-
lation trends and male annihilation of the medfly. Such atiractants are
gpecific and could be applied with conventional spray or special equipment
in combination with the SIT; they wculd also have a minimum polluting effect
onthe ecosystem and would permit the use of sterile flies to mop up pockets
of surviveors left by the attractants. The fruit fly parasites could be mass
reared and released separately or simultaneously with sterile fruit fly
releases. This approach may function better in Hawaii and Central America
than in Europe.

In closing, I list for consideration the following work as worthy of
further effort in a co-operative programme.

1. Develop methods of determining the essential ecological parameters
that affect fruit fly populations. Remote sensing may be used to determine plant
host identity, density, and distribution, and computer population models may
be used to predict serious cuthbreaks.

2. Develop techniques to integrate chemical and cultural control methods
with the SIT. Non-preferred hosts for human consumption may be used as
trap cropa in a cultural control to cellect and destroy fruit flies during
unfavourable periods.

3. Conduct co-ordinated research to avoid duplication of effort and
accelerate development of {a) quality control techniques, (b} sterile release
methods, {c) strain developrment, (d) assessment of sterile release effects,
and {e) assessment of sterile fly behaviour in comparison with wild flies.

4. Determine when and how to apply integrated contrel (phercmones,
female lures, and male-annihilation ireatments) in combination with the
sterile~insect technique.

5. Develop methods of releasingfruit flies sterilized with chemosterilants.

6. Develop methods of mass rearing and releasing fruit fly parasites.
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GENETIC VARIATION IN NATURAL INSECT
POPULATIONS AND ITS BEARING
CN MASS-REARING PROGRAMMES

G. 1. BUSH

University of Texas,
Austin, Texas,

United States of America

Abstract

GEMETIC VARIATION IN NATURAL INSECT POFULATIONS AND ITS BEARING ON MASS~REARING
PROGRAMMES,

A new approach using gel slectrophoresis of genetically variable enzymatic and non-enzymatic proteins
(allozymes) which can be used to monitor laboratory populations for genetic changes is discussed, Examples
of genetic alterations in laboratory strains of the codling moth and screw-worm fly are presented, The results
of a survey of genatic variation in the Furopean cherry fruit fly are compared with the codling moth. The
technique 1s very sensitive to environmental change. and offers a simple, rapid method of quality control,

The auccess of any sterile male release program is obviously predicated
on the ability of factory produced insacts to locate and mate with their
wild counterparts, Because mating behavior in insects consists primarily
of fixed action patterns which are under tight genetic control, artificial
gelection under laboratory ecmditions can and frequently does produce striking
behavioral changea in a few generations [6]. Regrettasbly, this important fact
is too often given a great deal of 1lip service but ignored or relegated to
a back burner in the development of mass rearing and production line tech-
nigues,

Quantity rather than quality has generally been the measure of success
in most mass rearing programs. Quality comtrol programs that actually test
for the performance of the ineect under field conditions are almost non—ex—
istent, This approach has led to some rather disastrous consequences as
witnesaed in the recent collapse of the screw-worm (Cochliomyia hominivorax)
suppression and eradication program slong the U.S.A. - Mexico borxder [5].

There are at leaat three reasons why effective quality contrel programs
have not been incorporated into mass rearing programs like that of the screw-
worm fly. First, until recently few individuals assocliated with mass rearing
programs realized or appreciated the evolutionary implications and potential
genetic pitfalls of adapting wild imsects to the artificial conditions as-
sociated with factery production. Second, little is actually known about
the critical features of reproductive behavior and ecology of our insect pesta
which is essential for the development of meaningful quality comtrol techniques.
Finally, we have only meager information about the genetic structure of matural
insect pest populations and the behavioral and ecological genetica of apecific
traits involved in mating behavior in the field.

If we accept the premise that one important goal of any mass rearing
program Is to maintain the correct combinmation of allelic forms at loel
esgential for normal mating behavior, we are faced with the problem of how
this can be accomplished when basic behavicral and ecological data as well
as vital gemetic information on the species in question is usually
non-exiatent.
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The screw-worm offers a good example of the problems facing most mass
rearing programs developing effective quality control programs. Esgentially
nothing is known about the mating behavior of this diurnal fly in nature.
Because no one has ever seen this species mating in the fieid and essential
information on 1ts ecology is lacking, no technique is available to monitor
the production line flies for gemetic changes affecting behavior.

The fact that the males have larger eyes than females and emit a pheromone
[7] indicates that both wisual and chemical cues are important in mating be-
havior. Yet in factory reared fljes used for release last year (APHIS Regular
Production Strain) at least three recessive eye color mutants occurred at a
frequency of about .01 percent. In Drosophila these homozygous mutant forms
are partially or completely blind [8] and, mere importantly, individuals heterc-—
zygous for color mutations are generally less fit than wild flies [6}. In the
screw-worm production flies approximately 2% of the flies are heterozygous for
these visible subvital or sublerhal alleles. More subtle deletericus mutations
are also likely to be present fin the lab populatiom, but without adequate methods
for estimating fitnesa their effects can not be estzblished.

In addition, certain laberatory strains are known to differ in the female's
response to male pheromone, Females of the Mexican Strain do not respond to
Fiorida Strain male pheromone [8]. The response of wild females to lsboratory
strain male pheromone has not been tested, but if flies with aberrant pheromones
are produced, the effectiveness of the production 1ine flies would be further
reduced.

Difficulty has also been encountered in getting wild screw-worm flies
to oviposit and mate under laboratory conditions [11]. The solution to this
problem in the past has usually beer to use the few flies that mate under
artificisl conditions as progenators of the next generation. After five or
six generations "normal" fertility and fecundity is reatored. However, these
"normal" flies are the very omes that are most likely to be genetically sber-
rant and may be useless for release purposes.

A look at the methods used in mass rearing screw—worms suggests why gen-
etically aberrant individuasls exist in the production line flies. Until recently
adulrs were held in total derkness to permit crowding and thus reduce rearing costs.
Fliea usually walked rather than flew to their food source and the oviposition
device. Visual and odor cues were relatively unimportant for survival in this en—
vironment and the selective advantage was confarred onm those flies with genotypes
that permitted them to mate and oviposit in the dark under crowded conditiocus,

A blind fly is not at a disadvantage in such a colony as has been demonstrated
in experiments with blind Drosophila reared in the dark with normal flies [9].

It is not surprising, therefore, that the mating success of the mass reared
flies has deteriorated. Because artificial conditions are common to most insect
mass rearing facilities, including those used in rearing such species as Dacus
oleae and Ceratitis capitata, similar reductions in competitiveness are Inevitable
unless guarded against.

Some means munst therefore be developed to ensure that genetic changes
do mot occur during laboratory adaptation. Before sultable bioassay techniques
can be introduced we must know how much genetic variation occurs naturally at
many different critfcal loci, and how fast and what kind of genetic alterations
cceur during domestication. Furthermore, we must know how important these changes
may be to the competitive success of laboratory reared insects in the field.

Flight mill studies, mating speed, preference and propensity tests,
startle reactions and several other methods (see Chambers, this Panel)
have been proposed and studied as possible meana of monitoring laboratory
atrains for behavioral changes. Because all of these measure Eome compoment
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of behavior under completely abnormal conditions, it is difficult to establish
i1f the results reflect normal behavior encountered in fileld conditions

even when using wild flies for the test, Furthermcre, it ia almost impos-—
sible to obtain estimates of the teotal amount of genetic varlability for

any of these traits. Usually some form of a value judgment must be made

ag to what constitutes normal behavior.

There is one way to circumvent this problem through the use of gel
electrophoresis of polymorphic enzymatic and non-enzymatic proteins (allozymes).
This technique can be used to monitor the level of genetie wvarlation at several
loei in both natural and laboratory populations. It was first used with in-
sects by Lewontin and Hubby [12] and is now widely applied to the study of pop-
ularion genetics in several insect groups. A review of the technique as applied
to several species of Tephritidae is available [4] along with a step-hy-step
outline of the methods employed [3].

Past work has dealt mostly with the genetic structure ef wild populations,
but recently I have adapted it for use in a mass-rearing quality control program
for the screw-worm, codling moth, and a specles of Tephritidae. Allozyme data
can routinely be used to monitor laboratory strains for any indication of pen-
etic shifts that might be going on &t other loci which cannot be studied
directly. We will Iock at the codling moth first.

In the codling moth (Laspeyresia pomonella) a genetic survey of 27 loci in
natural and laboratory populations has revealed a pattern of variatiom typical
of what ene would expect in laboratery populations undergoing intense inbreeding
and artificial selection (Bush,in preparation).

Figure 1 is a dendrogram of genetic distances that exist between various
populations of codling motha. It was derived by an unwelighted pair-group method
of clustering developed by Sckal and Smeath [14], using genmeralized genetic dis-
tarces calculated on the basis of welghted protein mobility rates of five polymor-
phic loci (PGM, EST-A, EST-C, ADH, AX-A). A copy of the program and summary of
methods emploved to calculate these distances, which were developed by Drs.

P, Smouse and R. Richardson (Department of Zoology, University of Texas), can be
ohtained on request.

It is quite evident that all natural populations of the codling moth {those
underlined in Fig. 1} share similar alleles and gene frequencies. ZEven the
walnut and apple races, which are considered by some blclogists to represent
rather distinct non-interbreeding populations in Califeornia, show ne statistically
gignificant differences in gene frequency. Little or no correlation, however,
1s evident between the genetic structure of the laboratory reared populations
and the lecalities from which they originated. This indicates that they have
diverged genetically from the natural populations.

An analysis of genetic variability in natural vs. laboratory populations
is also interesting (TablesIand Il}. At six polymorphic loeci (PGM, PRI, EST-C,
EST-A, ADH, and AK-A) the wild populations in Western North America on the
average have 2.7 alleles per locus while the laboratory populations from the
same regions (represented by an *) average ouly 2.43. This represents a loss
of overall gemetic heterozygosity and indicates that a certain amount of in-
breeding or selection or a combination of both has cccurred in the laboratory
populations. This observation is further supported by the fact that of the
loci sampled in laboratory populations, 12.5% were significantly deficlent in
heterozygotes indicating strong inbreeding. Of the loci sampled in the
wild populations, only 2 (&.7Z) lacked a sufficient number of heterozygotes.

A preliminary study of screw—worm flies gives very similar results al-
though the data is not yet extensive. After a survey of 36 loci, the five
most polymerphic loci were selected for analysis. Table III summarizes the
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TABLE 1. NUMBER OF ALLELES AT SIX LOCI POLYMORPHIC IN
NATURAL POPULATIONS OF THE CODLING MOTH

Samples significantly deficient in heterozygotes with cireles; those showing
a surplus of heterozygotes with squares

Wild populations Number of alleles per locus Average

PGM  EST-A EST-C ADH  PGI  AK-A

1. Sunnyside, Wash. 3 5 I 1 2 3 2.83
(ex. apple)
2. Terrace Hts., Wash. 3 5 2 1 [ = 2.50
{ex. apple)
3. Bodine Rch., Calif. 4 ® 3 1 2 2 2.83
{ex. plum}
4. Haines Rch., Calif. 3 3 3 1 2 2 2.33
(ex. walnut)
S. Medford, Oregon ® 5 3 1 2 2 3.00
(ex. pear)
Average 3.60 4.60 2.80 1.00 2.00 2.20 2.70

Loci with significant surplus of homozygotes = 6.7

findings. The number of alleles is not given as the genetics of each locus
has not yet been established, There is evidence, however, that even in lab-
oratory pepulations polymorphic for the same locus the alleles involved may
be different. The level of differentiation between strains is therefore
greater than indicated.

The APHIS Regular Preoduction Strain and the Puerto Rican Strain are
gegregating only at the EST locus. The Regular Florida and NST Texas Strains
are both segregating at the EST and o-GDH }ocua while the remaining
four laboratory strains are segregating at other loci as well. We as yet
have only a few samples of wild flies reared from individual egg masses col-
lected on wounded animals. However, there is a atrong indication that the
wild flies are polymorphic at more loci and have more alleles per locus than
do their laboratory reared counterparts. Because of the screw-worm's ability
to disperse long distances, [10], genetically homogenecus populations probably
extend over broad regions with 1ittle genetic variatiom existing between
widely separated localities.

i Evidence of genetlic changes in laboratory colonies is not yet available
for any species of Tephritidae, but we do have extensive evidence on wild pop-
ulations, The same methods were used to calculate the genetic distances as
were used on the codling moth,

Recent investigation of genetic variation in four polymorphic leci in
natural populaticns of Rhagoletis cerasi (Bush and Boller, in preparation)
has revealed that gene frequencies for this specias 4o not vary substantially
over its entire range. In R. cerasi no significant differences could be
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TABLE II. NUMBER OF ALLELES AT SIX LOCI POLYMORFPHIC IN
LABORATORY POPULATIONS OF THE CODLING MOTH

Samples significantly deficient in heterozygotes with circles. Except
where noted all populations were reared on artificial laboratory diets

Lab Populations Number of alleles per locus Average

PGM EST-A EST-C ADH PGI AK-A

1. Yakima, Wash.* 3 5 2 1 2 3 2.67
2. Porterville, Cal.* 3 3 3 1 2 ® 2.33
3. Oak Glen, Cal.* 3 ® 3 1 2 2 2.33
4. Summerland, B. C.* 3 @ 3 1 2 @ 2.50

{Apple)
5. Summerland, B. C.* 3 ® 3 1 2 @ 2.50
6. Grand Junctiom, Colo. 5 ® 2 2 2 2 2.83
7. Wadenswil, Switz. 4 3 2 1 2 2 2.33
8. Darmstadt, Germ. @ @ 3 1 2 3 2.50
9. Mixed Switz. & Italian 3 2 2 1 2 3 2.16

10. Basel, Switz. : 3 2 1 2 3 2.16

11. Kiev, USSR 3 3 2 1 2 3 2.33
12. Mixed (4, 8-12) 4 3 2 1 2 3 2.50

Average 3.30 3.25 2.42 1.08 2.00 2.50 2.43

Loci with significant surplus of homozygotes = 12.5%

*Samples compared in text with natural populations in Table I

found even between the eastern and western populations of the cherry infesting
race which show unidirectional sterility and probably represent distinet species
or at least aemi-gpecies [2]. Furthermore, even when individuals of the most
distant populations of R. cerasi (Spain, Italy, Turkey, the Netherlands, and
Germany) are included in the analysis (Fig. 2}, the genetic distances are about
the same order of magnitude as exist between the wild codling moth populations
in western North America.

These close similarities in the genetic structure over broad regions
between reproductively isolated populations suggest that the frequency of
alleles at each locus 1is being tightly held in an adaptive balance by natural
selection. This lack of geographic varlation at the allozyme level in imsect
populations has been encountered by several investigators [13]) and appears to
be related to the type of envirommental heterogeneity (graininess) encountered
by most insects.
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TABLE III. FIVE LOCI POLYMORFPHIC IN AT LEAST SOME LABORATORY
POPULATIONS OF THE SCREW WORM FLY

Over 5§ individuals were electrophoresed from each population reared at

the USDA Screwworm Research Laboratory, Mission, Texas

+ = two or more alleles present

Adults Loci

LAP ALD PGM GOH EST
APHIS-Regular Production +
PRN-F9-Puertc Rico Strain +
NT5-New Texas Strain + +
Regular Florida Strain + +
£3-F5-Texas Collection + + +
ADHIS-01d Mexico S5trazin + + +
C9-Fl-New Mexican Collection + + +
TX-F8-New Texas Strain + -+~ +

It could be predicted therefore that any shift that might occur in lab~
oratory populations of R, cerasi and other Tephritidae away from the normal
genetic structure of wild populations would provide an excellent indication
that selection is occurring in these laboratory colonies. Also, change at
any of these locl during the process of colonization would indicate that
shifts in gene frequencies might also be cccurring at other key locl as well.
Steps ceould then be taken to alter rearing methods in order to halt any further
change and possibly to restore the population to its original state.

We are now developing a simplified sampling method and the computational
tools tao apply the allozyme polymorphism appreach te a mass rearing monitoring
system, This technique will not onrly provide an early warning system of gen—
etic change, but will alse furnish data on the rates at which these changes
ovccur and give some indication of the levels of inbreeding that are going
ch in the laboratory population.

Because changes in allozyme frequency appear to be extremely sensgitive to
environmental change brought about by mass rearing techniques, they can offer
a simple, rapid method of quality comtrol. As with any existing method now
in use, allozymes do not measure directly those genes that are affecting some
critical phase of behavior. However, because they represent a direct measure
of the genetic structure of the population they sre probably a much better in-
dicator of how effective mase rearing programs are in maintaining the natural
genetic structure of the wild populaticns than some of the cther techniques now
in uge. The allozyme method, particularly when used with other methods of qual-
ity control, can reduce the Chance of selecting for unwanted genotypes that re-
duce the effectiveness of laboratory reared flies and provide am early warning
system that trouble may bhe ahead.
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QUALITY IN MASS-PRODUCED INSECTS

Definition and evaluation

D.L. CHAMBERS

Insect Attractants, Behavior and Basic Bjology Research Lab., .
USDA, ARS,

Gainesville, Florida,
United States of America

Abstract

QUALITY IN MASS-PRODUCED INSECTS: DEFINITION AND EVALUATICN.

The insect that {s mass-produced and released {n a conrol programme is in effect a biological bullet,
a self-guided missile designed to deliver a beneficial effect against a pest insect. The ability of the released
insect 1o achieve this objective may be influenced in many ways, The control of the quality of mass-
produced insects must include an underntanding of the behavioural components critical to their success and
&% evaluation of their performance based upen these behavioural components. The paper discusses some of
the principles and techniques being used and developed o study behavioural performance and quality,
Included are discussions of tests of: vigour, irritabflity, activity, sound production, response thresholds,
reproductive preference and drive, biotic patential, and others.

1. INTRODUCTION

This paper is on the subject of insect behaviour as it relates to the
control of fruit flies by the sterile release method and on the quality of
mass-produced insects, The interest in this subject (it is a single subject)
is burgeoning: a workshop was recently held at a Branch meeting of the
Entomological Society of America; my agency, the Agricultural Research
Service, will soon hold a pertinent workshop in Gainesville; and most of
the recent panel meetings of OILB, IBP, and IAEA have applied considerable
emphasis to or concentrated exclusively on this subject. Apparently ento-
mologists have become aware that some of the problems encountered in
pest control through release of mass-produced insects, entomophagous or
sterilized, may occur because of behavioural deficiencies resulting from
lack of control of quality,

We intend to make the study of principles and practices in behavioural
quality measurement and management one of the major programmes at the
Insect Attractants, Behavior and Basic Biclogy Research Laboratory of
the Agricultural Research Service, USDA. Thus, I intend, in these few
pages, to outline some of the philosophies and practices we will be using
with a number of selected species. Among these is the Caribbean fruit fly,
Anastrepha suspensa {Loew).

Before embarking on my discussion, I would like to refer the reader
to the review of the subject of behaviour of mass-reared insects by
Dr. Ernst Beller (1972). Because of his thoroughness, there is much I need
not reiterate here.

18
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2. DEFINITIONS

Quality can be defined as the relative degree of excellence in some trait
or skill that a thing possesses. Thus, when the term quality is applied to
insects mass-produced for release in research or control programmes,
it refers to the ability of the released insgects to perform their function
and to perform relative to some standard. The standard is generally taken
to be the insect itself in either its native or unireated condition (i.e. not
irradiated, not dyed, not selected by strain, etc.); the function is described
by the nature of the control programme being imposed, as, for example,
inducing sterility or mortality in the target population. The ability to per-
form the function refers herein to behavioural parameters (i.e. adaptedness,
motility, and repreductive success), which are, ultimately, reflections
of the genetic, physiological, and bicchemical state of the insect.

Because ability is tied to function in the analysis of quality, "natural-
ness" (lack of deviation from the standard) is not necessarily the best
measure of high quality. (Performance exceeding the siandard could be
desirable.) Conversely, selection of one or a few function-related traits
ag measures of overall quality can be dangerously misleading if, unknown
to the scientist, other wvital traits are lacking. An important challenge is
to identify and rank the importance of the behavicural traits that contribute
to the required function of released insects.

3. STANDARDS

The entomologist respongible for control of quality in insect mass-
production is, then, faced with two difficult decisions: {1} what is the
most meaningful standard of reference; and (2} what are the behavioural
traits that must be evaluated and how can they be rmeasured? Ideally, one
measures the performance of the expected funciion of the ingects them-
selves and makes these decisions on the basis of direct information.
These measurements may be feasible in control preogrammes where it is
biologically possible to monitor results concurrently with releases, as in
sterile maie releases against mosquitoes where egg rafts can be collected
and the level of sterility induced in the native population thus measured
directly (Weidhaas et al. (1972)). Similarly, the percentage of parasitism
occurring in a pest insect population may be monitored while parasite
releases are underway. In these cases, the standard is the target insect
population, the function is inducing suppression, and the measurement is
the degree of success.

However, reliance upon the philosophy that "success is the best
measure' is unacceptably risky in programmes such as sterile releases
for fruit fly control where direct measurement of behavioural ahility
{inducing sterility) cannot be readily measured (here I mean large-scale
tests or control programmes; egg fertility in field cages can be determined),
In such programmes the usual criterion of success is population suppression
or eradication, a result delayed by at least one reproductive cycle from
the releages. Thus, by the time you know you are failing, based on popula-
tion data, it may be teo late to make corrections.

Hence, we must often develop standards and measurements for indirect
monitoring, assuming thereby that we can select behavioural traits repre-
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gentative of ability to achieve the function and that we can equate ability
in these traits to the likelihood of achieving the objective. (The risk in
these assumptions may also be large.)

Often there ig little choice in the selection of standards. The released sterile
fruit fly mostdesirably retains those behavioural traits that are necessary for
competition with its native counterpart. Thus, thenativefly is the most approp-
rigte standard. However, it is exceptionally difficult to design and conduct tests
that adequately compare stock {mass-reared) andnative insects without bias
in favour of one or the other: quantitative field data for specific behavioural
traits are difficult to obtain and interpret; conversely, confinement of native
flies in test cages necessarily alters their behaviour., Because of these
difficulties, we are often forced to use an internal standard. For
example, in a test of radiation effecis we may compare an unirradiated
stock fly with an irradiated stock fly. Such internal standards are not
necessarily a poor compromise as long as the objective of the comparison
is measurement of change in stock quality and no immediate reference to
the native fly is assumed or intended, Moreover, acceptance of this
compromise allows one io proceed with selection and use of a number of
techniques for studying comparative behaviour in the labaratory and in
cages, From these studies, sufficient insight may develop to permit
selection and interpretation of one or of a few laboratory and field tests
wherein the native fly population provides a £till more meaningful standard.
However, laboratory comparisons of stock and native flies should be
conducted under conditions that extraci maximum performance from native
flies, not the reverse (which is often the case},

4, MEASUREMENTS

The second decision I mentioned referred to the selection and measure-
ment of skills for evaluating fly quality. I wish to emphasize very strongly
that when one devises, applies, and interpreis laboratory or field cage
behaviour one must include the results of studies of the behaviour of native
flies in the field. Such studies must be of sufficient depth to indicate those
hehavioural components that will be vital to the success of the released
insect and thus most meaningful for measurement. That is not to say that
all natural behavigural components will be necessary to the achievement
of the objective for which the insects are released or, conversely, that
only tesis of vital functions are meaningful in measuring changes in stock
quality, Adequate knowledge is required of both natural behaviour and
programme function so sufficient priority and knowledgeable attention can
be given to control of significant parameters of guality,

The principal desired funection of released sterile flies is mating and
this behavioural trait is often selected for measurement; indeed, it is
sometiimes the sole measurement. To clarify my point I present the data
in Table I which appeared in a recent publication by Keiser et al, {1973)
concerning fruit fly mating behaviour,

It i quite clear that treatments B, C and D had no effect on mating
success as compared with the conirol (A)., However, had these data been
developed as part of an assessment of fly quality (which is not the case)
it would be dangerous tc assume that this measurement would he valid
for overall performance in a release programme because the treatments
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TABLE I. EFFECT OF TREATMENT ON MATING SUCCESS

Orental

fruit flies Melon flies
Treatment N‘; Hatch ::;; Hatch
eg (
deposited " deposited "
A 249 62 180 94
B 581 86 360 53
C 332 18 120 83
D 346 a7 240 94

consgisted of total removal of one {C,D) or both (B} wings from the male,
This is a deliberate overstatement of my point, and I use data gathered

in a test that was not conducted in a manner quite like that of the usual
mating test, the ratio test. Nevertheless, the analogy is close enough to
validate my position, which is that ratio tests or similar mating tests,
though assumed to give an overall view of performance of flies prepared
for sterile release,are in small cage conditions actually only measurements
of copulation. The fact is that behavioural trait probably has the lowest
threshold of any mating trait, is one of the hardest to affect, and is, thus,
one of the least sensitive to measurement, It iz the prime and final trait
in a chain of behavioural traits that could be weakened in earlier links and
not be detected in a test of terminal function,

I believe that it is necessary to routinely evaluate the performance of
flies produced and treated for release in each of the three major behavioural
parameters that are functionally necessary — adaptedness, motility, and
reproductive success. I further believe that selection of appropriate tests
of these parameters can only follow (1) a fairly thorough study of the
behaviour of the fly, (2} determination (perhaps subjective) of potential
key behaviour traits, and at least preliminary estimates of which traits
are subject to alteration through treatment or selection, (3) development
of techniques for meaguring those traits, and (4) acceptance of performance
levels for those traits.

Measuring adaptedness

The meaning 1 intend for the parameter adaptedness includes such
concepts as biological fithess, behavioural conformity, and genetic
similarity. It is a more general category than motility or reproductive
success and covers many possible behavioural traits, some of which are
important to these other two categories. Thus, production or perception
of pheromones may be important in reproduction, and orientation to
appropriate hosts may be important in motility (distribution). However,
there are some general tests that can identify changes in adaptedness and
would thus signal that specific behavioural parameters need to be tested,
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Dr. Bush discusses in these panel proceedings one of the most prominent
and useful of these — survey of genetic content by enzyme analysis. This is
a most useful tool for testing the highly important aspect of genetic hetero-
geneity and divergence, as Dr. Bush has demonstrated.

Other physiclogical tests can alert one to changes in adaptedness,

Some of these are: fests for changes in pesticide resistance; changes in
metabolic function, such as COy ouiput, nutritional needs, or reserve
content; changes in tolerance to temperature, irradiation, or other physical
factors; changes in fertility, fecundity, longevity, or population stress
tolerance; and changes in bicological conformity such as rhythmicity, mating
behaviour, host specificity, or chemical and physical cue production or
recognition. Many others could alsc be proposed. The article by Langley
(1970} indicates certain physiological parameters that could indicate
adaptive shifts in reared populations.

Some of the techniques for studying insect behaviour that we are develop-
ing and evaluating in our laboratory are useful for measuring adaptedness.
Dr.Milton Huettel is applying the technigue of enzyme analysis described
by Dr. Bush to problems of variations in laboratory stocks and native
strains of several insect species including Anasirepha suspensa, Also,

Dr. William K. Turner, an agricultural engineer on our staff, is developing
sensitive techniques for monitoring respiratory functions of insects for the
study of insect response to radiation (Turner and Charity {1971), Turner

et al. (1873)}. These procedures should have ready application to the deter-
mination of adaptive shifts in insect behaviour.

Dr, J.C. Webb, collaborating with Dr, John Sharp and with me, has
been studying sound production and perception in A. suspensa (and other
ingects); Dr. Webb has developed an exceptional array of equipment for
the study of insect sound, including a large anechoic chamber with con-
trolled climatie conditions and electronic equipment for recording,
analysing, and reproducing sounds. Figure 1 displays the sound prints
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FIG.1. Sound frequency signatures of male A. suspensa displaying the following behavioural trajes: flight;
signalling; premating {after mounting the female but before copulation); and aggression (attempted tertitorial
competition),
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TABLE II. ANALYSIS OF FLIGHT SOUND FREQUENCIES OF

Anastrepha suspensa

CHAMBERS

Power out Po |
(;3 :s) Treatmeni2 . (deB) :1 o “(’:;)D:l:put ha}:;.o{:i .
) first fundamental harmonics

' A 10,4 40,1 7
B 15.01 56,1 8
: A 1i.¢ 88.7 7
B 18.0 70.8 1
® A 8.7 45.3 g
B 8.0 53.0 )

& A=normal flies; B=flies detrimentally affected in shipment.

characteristic of four behavioural activities of A, suspensa — flight, male
signalling, premating, and aggressive behaviour (Webb {1973)). We believe
it will ke possible to monitor the sounds produced by a sample of a popula-
tion reared and treated for release and thereby to determine both the
quantity and quality of the activity of that population. In other words, the
quality and relative distribution and rhythmicity of behaviour such as
resting, flying, aggression, mating, calling, ete., can be determined by
evaluation of the sounds produced.
Table II shows the flight sound analysis of two baiches of A suspensa,
cne considered to be normal and one suspected of having suffered detri-
mentally from shipping conditions.(We gratefully acknowledge the provision
of test ingects by Dr. Richard Baranowski, University of Florida,
Homestead, Floridal,
Note that the presumably abnormal flies not only produced more sound
power in the first fundamentzl frequency but also more in boih number of
harmonics and power in harmonics. We tentatively interpret this as the
result of irregular and/or unsynchronized wing movements, Other examples
of sound analysis are discussed later.

Measuring motility

The ability of the released sterile fly to vigorously insert itself into
the habitat of the native pest insect has always been recognized as of prime
importance. Stock flies subjected to treatments such as irradiation, dyes,
packaging, and shipping have been noted to be relatively sedentary. A number
of tests of motive behaviour have therefore been developed. They can be
conveniently divided into two categories: (1) measurements of capability
(vigour, strength, velocity, endurance, etc.); and (2) measurements of
propensity (willingness, drive, threshold, etc,).
Research to date has concentrated primarily on flight capability,
A number of us present at this panel have conducted flight mill studies with
fruit flies, and field release-recapture data are frequently reported.



IAEA -PL-582/3 25

§

§

3

! — MALES

/ 9+ 125450 597X -03axt 400008 TY

§

FEMALES
§ =uns2 . 709 - QST OOONBEXS

§

STATIC WING BEAT FREQUENCY —HZ

"
e
L

2 13 20 ) £ =

MAGE — DAYS

FIG.2. Relatjonships of fly age and frequencies of wing beats of inale and female A. suipensa snspended
without tassal contact over a microphone, thus wing movement without lateral motfon {static flight).

&

FLIGHT VELOCITY - FT/SEC

e
g

> ¥ =080

Bd—=
b ]

W RO 13 MO 150 &0 I
DYNAMIC WINGBEAT FREOUENCY-HZ
F1G.3, Flight velociry and frequencies of wing beats of mele and female A. suspensa suspended from a
flight mill roter and passing over a microphone during lateral flight (dynamic flight).

I believe suchtests are extremely important to quality testing. The flight
mill system at the Gainesville laboratory will be used to evaluate the flight
capability in A. suspensa; at present it is occupied in tesis with other
insects, This system, in its rotor design, is essentially like that of
Schoenleber et al. {(1970), though the design was suggested to me independently
by an instrument maker in Honclulu. Dr. Boller alsc uses a similar system.
In our flight mill, rotation of the arm interrupts a light beam to a photo-
transistor, and this signal is transduced via an event recorder onto a tape
recording that is analysed by a computer. However, a digital or strip
chart recording can also give valuable data.

Another measurement of motive ability is wingbeat frequency. Figure 2
shows the wingbeat frequencies of male and female A, suspensa as a function
of age. The data were developed by Dr. Webb (1973Tby gound analysis.
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FIG.4. Actographic equipment for measuring activity patterns and vigour: above - insect cages suspended
in a frame on rubber bands; lower left — vibration detector mounted on top of a single cage; lower right —
circuitry and recording equipment for transducing vibrations onto strip-chart recordings.
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Frequency was similar for both sexes and increased until the flies were
about 12 days old, then it decreased slightly until wing fraying evidently
produced further increases, Sharp (1972) showed how stroboscopic measure-
ment of wingbeat frequency can indicate irradiation effects. In our

more recent tests, sound analysis coupled with the flight mill allowed
simultaneous measurement of wingbeat frequency and flight velocity and
showed the linear relationship (Webb (1573)) (Fig.3). I would also like to
suggest that inexpensive and uncomplicated tests that indicate motive
capability can be devised. For example, rate or frequency of flight across

a darkened room to a lighted window can provide a measure of flight ability.

It is my opinion that flight propensity may be a behavioural trait that
igs equally or more important than flight capability in the success of a
sterile release programme, The initial distribution of the released flies
can cover the infested areas, but the flies must aggressively search out
the proper habitats and locate mates. In fact, low motive propensity has
been gsuspected as a reason for lack of success in several fly release
programmes. A test for motive propensity is therefore important, and
I refer the reader to two simple methods of obtaining this measurement,
Schroeder et al, (1973b) described an inexpensive technique for measuring
flight propensity. With this unit we have shown that irradiated stock
Mediterranean fruit flies were approximately 50% less prone to flight than
unirradiated or native {lies, [n addition, we alse use at cur laboratory an
actographic device developed by Dr. Norman L.eppla, based on his original
design (Leppla and Spangler {1971)). Banks of screen cages suspended on
rubber bands are fitted individually with gilica chip transducers (microphone-
type pickup devices) that are inexpensive detectors of vibrations, The
movements of insects against the cage walls are detected and recorded
(Fig.4). Since both amplitude and frequency are recorded, the system
provides measurements of the frequency and vigour of movement as well
as indicating circadian characterisiics, (As mentioned earlier, sound
analysis can also indicate the kind and quality of movement in a cage of
flies.)

Much valuable information concerning flight behaviour in the field can
be obtained, and many publications describe methods of condueting such
field studies. A good reference source is the article by Bateman (1972),
Also, Dr. Prokopy (1975) has presented the results of novel and potentially
useful new technigues for field stndies of fruit fly movement, At the
Attraciants and Behavior Laborafory, we have an active programme of
developing and using techniques for studying insect movement in the field
{at present, insects other than fruit flies), Thus, my concentration in this
brief paper on our laberatory data should not imply that we are neglecting
the important field studies.

Measuring reproductive success

Boller {1972) presented a thorough discussion of premating and post-
mating mechanisms that may result in reproductive failure in released
insects. I will use these same divisions o discuss some of the behavioural
traits that are probably needed in released sterile fruit flies and some of
the tests used to evaluate performance of specific hehavioural traits. The
{vpical ratio test I believe spans both pre- and postmating parameters
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(without identifying wherein failure might lie but serving as a screen for
both areas). See Fried (1971) for a comprehensive discussion of ratio test
analysis.

In the first category, no mating occurs.

A_ Pgtential mates do not meet
a. spatial dislocation
b. altered periodiciiy of mating activity
c. communication failure
d. disconformity of physiological state or age

B. Potential mates meet but do not mate
a, communication failure
h. physiological disconformity
¢. competitive displacement

In the second category, a sterile mating takes place, but the mated
female is not removed from the reproducing population,

€. Copulation occurs but subsequent mating with a fertile male results
in female fertility. N

D. Copulation occurs but the sterile mating does not induce rejection of
subsequent males in the native female.

Testing premating factors

Ethological isolation is probably best observed in the field (Prokopy
(1968)) or in large field cages (Katiyar and Ramirez {1970); Holbrook and
Fujimoto (1970); Ohinata et al. (1971)). Thus, it has been possible to
observe altered periodicity, size and strain preference, site preference
and competitive displacement, Spatial dislocation can be discovered
through careful field observations., Disconformity of physiological state
or age might be suspected when cage tests indicate mating success but
field data do not; thern survival factors (inadequate longevity), early releage,
or retarded maturation through treatment or handling would be suspected
{see Haniotakis (1973)). However, laboratory tests of behavioural conformity
are certainly possible. Schroeder et al. (1973a) demonstrated in uniquely
simple laberatory tests that gamma irradiation of D. cucurbitae as pupae
delayed sexual maturation 24 hours and reduced mating intensity, but large
cage tests were required to determine that time of mating was not altered.

Communication failure is an aspect of behaviour that interests us at
our laboratory. Dr. Webb, Dr. Sharp and I have developed preliminary data
on the signalling sound produced by male A, suspensa and some of the effects
of gamma irradiation on its physical and biclogical characteristics. Note
in Fig.5 that the two-pulsed sound is blurred and distorted following irradia-
tion with 10 XR. Also, a characteristic component is delayed. Table III
shows the responses of normal stock fligs and 'abnormal' stock flies
(believed exposed to excessive temperature in shipment) to combinations
of reproduced male ealling sound and extracts of male pheromone
(graciously supplied by Dr. J,L. Nation, University of Florida, Department
of Entomology and Nematology). In all comparisons, the communication
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FIG.5, Sound frequency signatures of male A. suspensa; a comparison of laboratory stock flfes irradiated
with 10 kR 2 days before adult eclosion and enirradfated stock flies.

TABLE III. RESPONSES OF Anastrepha suspensa TO SIGNALLING
SOUNDS, PHEROMONE EXTRACTS AND LIVE MALES

Average No. of flies respending

Treatment 2
Normal Abnormalb
Male to male 14,4 8.1
Male o zound 13.9 4.3
Male to extract 13.0 7.1
Male to sound + extract 13.4 2.0
Female 10 male 19.1 11,3
Female to sound 12.9 g.0
Fetnale ta exiract 18.9 11.3
Fernale to sound + extract 12,8 8.3

2 sixteen replications of normal flies, three of abnorma) flies.
b Flies exposed to detrimental conditions during shipping



34 CHAMBERS

responge of the abnormal flies was decreased. I repeat that these data are
preliminary and incenclusive, but they indicate a line of research we find
most interesting.

Testing postmating factors

In the interest of brevity I present here a partial list of references to
studies of the factors affecting postmating success, with brief descriptions
of the findings. The procedure will indicate some of the ways postmating
success can be measured and will indicate the importance such factors
may have in achieving the objective of sterile releases,

A. Anwar et al, (1871); histological study showed that Mediterranean
fruit flies irradiated as adulis contained more sperm than those
irradiated as pupae,

B. Barton Browne (1957}; mated female Dacus tryoni repel subsequent
mating attempts by males,

C. Tzanakakis et al, (1968); a substance transmitted in the semen may
inhibit subsequent female mating in D. oleae.

D. Nakagawa et al. (1971); male Mediterranean fruit flies are poly-
gamous but females remated less frequently, with receptivity
inversely correlated with the amount of sperm remaining in the
spermathecae.

E. Chinata et al. (1971); male Mediterranean fruit flies irradiated
as adults transferred more sperm than those irradiated as pupae.

F. Katiyar and Ramirez (1970); female Mediterranean fruit flies mated
sequentially with sterilized and fertile males demonstrated that
sperm mixing occurs and that a fertile mating after a sterile mating
altered female fertility more than the reverse sequence.

5. CONCLUSIONS

A, Quazlity is a value judgement, not a biological constant.

B. Function is the name of the game, not productiveness and hot
naturalness.

C. '"Unnaturalness' should be a warning signal, not a criterion for
rejection.

D. The native target Insect is the best standard of reference, but an
Internal standard is accepizable if itslimitations are acknowledged.

E. Performance levels are needed, but according to behavioural traits
and function, they may acceptably be substandard, standard, or
above standard,
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F. Some behavioural traits are obviously needed, but they may not
be the best traits to measure and should never be the only traits
measured.

G. Know your insect in the field and laboratory, know your pregramme
function, know your programme limitations, and give quality a
proportionate priority,

H. Test at least:
2. Adaptedness — do you still have an insect sufficiently like the
target insect to achieve its function?
b. Motility — can and will your insect get to the target?
c¢. Reproductive success — can the flies you produce suppress
native fly fertility with acceptable efficiency?
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Abstract

PROGRESS OF THE PILOT TEST AT LANAI AGAINST MEDITERRANEAN FRULT FLIES AND MELON FLIES.

A pilot test programme is underway on Lanai, State of Hawaii. The objective is the suppression of the
Mediterranean fruit fly with sterile medfly releases and the melon fly with male annihilation treatments.
Plans have been lald, and preliminary testing bas begun to determine the most effective approaches.

INTRODUCTION

The presence of insect pests such as the melon fly, Dacus cucurbitae
Cogquillett, the oriental fruit {ly, D, dorsalis Hendel, and the Mediterranean
fruit fly, Ceratitis capitata (Wiedemann), in the State of Hawail presents
a serious obgeiacle to the development of diversified agriculture. Not only
do these flies cause direct injury to fruits and vegetables; they also make
it necessary for the staie and federal governments t0 maintain & large
gquarantine programme 1o minimize the risk of accidentally introducing the
flies into the mainland United States, Indeed, fruit flies have been estimated
to cost Hawaii US § 52 573 2001 per year by their existence inthe state. There-
fore, since state and federal officials would like to eradicate or neutralize
the impact of these flies on the economy of Hawaii, the Hawailian Fruit Flies
Laboratory of Agriculiural Regearch Service, US Department of Agriculture,
hag received special funds to study methods for large-area treatment and
to determine the feasibility of eradiaciing fruit flies from Hawali.

LOCATION OF TEST AND OBJECTIVES

The 381-km? island of Lanai (Fig. 1) was selected for the pilot test
because its size and location, 119 km from Honelulu, are appropriate to the
resources and equipment that are avallable to carry cut the experiment.

% Mention of a pesticide or a commercial product or company in this paper does not coastitute a
recommendation or an endorseinent by the USDA.

' An Appraisat of the Importance of Fruit Flies to Hawaii's Economy, prepared by the staff of the Division
of Plaar Industry, State of Hawali,Depaniment of Agriculture Sept. 28, 1066,

33
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FIG. 1. Map of Lanai showing the topographic fearures of the island and the distribution of Hawaiian
tephritid fruit flies. Elevation in feet {ft + 3.28 = mattes). Distance in miles (miles X 1,61 = kilometres).
@ = medfly: ©= melon fly; ©= oriental fruit fly.

In addition, the island has appreciable populations of all three gpecies of
flies. Since the islands of Molokai and Maui are located 13 - 16 km north
and east northeast, respeciively, from Lanai, we do not expect complete
eradication of the fruit flies from Lanai. They will be able to migrate on
the irade winds from the neighbouring islands.

Lanai is usually a dry island (about half receives less than 51 em of
rain per year), and wild host plants for Tephritidae are found for the most
part in the 31-km® area that has higher rainfall, the central high peak
{305 ~ 610-m elevation}. However, cultivated and wild hosts algo oceur in
the central village (1.29-km?® area, 2500 population) and in a few other
small areas. The cultivated hosis are probably chiefly important in helping
to carry the medfly over between guava seasons {though there iz never a
time without guava) and in providing adult food and shelter.

The programme will consist of six essentially separate operations:

a fruit fIy survey; the development of methods of treating large areas; two
programmes, one involving the release of sterile Mediterranean fruit flies
(medfly) and one involving treatment of melon flies by male annihilation and
by releases of sierile melon flies; studies of the environmental impact of

the programmie; and the development of systems of evaluating the programme.
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The survey programme is now in progress and will continue throughout
the experiment (it consists chiefly in monitoring the caiches in approximately
225 iriplets of plastic traps (675 total), one each for the medfly, melon fly,
and oriental fruit fly, distributed throughout all the accessible areas of the
island} because trap catches are the chief tool in determining the pattern
of distribution of both released and native flies. For example, recaptures
of released dye-marked medflies and melon flies are used to delineate
dispersal, survival, and overflooding patterns, which suggesi modifactions
in treatment. Also, the informationfromthe 675 traps isbeing supplemented
by surveys for host biomass indices of fruit infestation and evaluation
of the gravidity and insemination of females captured in liquid-bait traps.
Thus, the survey and also the other operations support the effort to demon-
strate suppression.

Asthe programme indicates, we are giving top priority tothe development
of the sterile-insect technique for control of the medfly; next most important
iz the development of the male-annihilation technique and the release of
gterile flies for control of the melon fly. We have already developed the
male-annihilation technique for conirol of the oriental fruit fly sufficiently
so0 that we are confident it will perform satisfactorily. Nevertheless, if the
pilot test progresses well against the medfly and the melon fly and resources
permit, we will enlarge the programrme to include further development of
the male-annihilation technique against the oriental fruit {ly. In this event
suppression of all three species of fruit {lies on Lanal would be achieved.

RELEASES OF STERILE MEDITERRANEAN FRUIT FLIES

We began releases of sterile medflies in May 1973 at an average rate
of 1 - 10 million pupae per week. At that time, the pupae were reared in
Honolulu {irradiated with 10 krad 1 day before adult eclosion and dyed with
Calco® Blue powder) and airmailed to Lanai in anaerobic poly bags (Tanaka
et al., 1972). This madest production has now been increased to 15 to 20
million pupae per week. We handle some 4 - § millien of the flies each
week by bulk chilling and holding at 3 - 5°C, irradiating (as adulis at 10 krad)
in lots of 500 - 700 thousand, and packaging in paper bags (25 000 per bag)
mixed with sphagnum meoss, alfalfa hay, or ocat straw {Schroeder et al. of
this laboratory, unpublished data). The bagged flies are subsequently dropped
on Lanai from a light airplane. Also, about 1 million flies are dropped as
naked pupae or adults from a refrigerated dispensing machine supplied by
the Animal and Plant Health Inspection Service (APHIS). The remainder of
the flies, 10 = 15 million, are irradiated as pupae (in a nitrogen atmosphere)
at 12 krad, shipped in poly bags, and released 2 - 4 times per week at ground
gites from 1.892-litre plastic buckets that hold as many as 15 000 - 20 000
pupae per buckei. The 600 ground release sites are located throughout the
31-km? area of the island where breeding hosts are found. Thus, the aerial
releases supplementi the ground releases.

The new methods of handling, irradiating, and releasing the sterile
medflies evolved from a series of preliminary tests made to compare the
survival of flies released as fed adulis with that of flies zllowed to emerge
as pupae in the field- The dyed irradiated pupae were placed in 5.44-kg
paper bags {(Nadel et al., 1967) at a rate of 1500 pupae per bag, and each bag
was provided with & food and waier source. Then the flies were held in



38 HARRIS et al.

ambient temperatures until most of the adults emerged. At this point. about
100 000 of these flies and 100 006 pupae (handled as described) were placed
at each of 10 sites on Lanai. The resulting recovery from the adult releases
wag about 2 times the recovery from the pupal releases in the two trials.
(However, because of logistical difficulties, most flies that we have released
thus far have been irradiated as pupae.) Likewise, aerial drops of refrig-
erated adulis or undyed naked pupae were compared with ground releases

of pupae. The rates of recovery of pupae were similar; the rates for the
refrigerated adults were much higher. Nevertheless, recoveries from all
releases were low, and the methods need further refinement.

Initially, the dispersal and survival of adults emerging from the
released pupae were low because of the atypical harsh, windy, and dry
conditions of the island; however, survival improved when rainfall increased.
Also, pupae in poly bags were injured and fewer adults emerged when tem-
peratures rose above 25°C; this injury is reduced by placing ice blocks in
the wood shavings placed around the pupae when they are sent by airmail
from Honolulu to Lanai. Nevertheless, the system of shipping the pupae
by mail still is supplemented by air freight shipment to minimize overheating.

We also investigated the use of aerial sprays of PIB-7 hydrolysed
protein-technical malathion (4:1 ratio) applied 4 times at a rate of 215 g
active malathion per hectare to prevent the seasonal August peak of native
medflies (we also assessed the sprays as a potential spot treatment for
control in the medfly-breeding area). Sterile medflies, native medflies, and
oriental fruit flies were all killed by the treatments, and the seasonal medfly
peak did not occur; in addition, populations of oriental fruit flies in the area
were Kept low. However, the sprays were conly effective for 2 weeks, and
they have been discontinued.

With the releases, we are currently achieving an overflooding ratio of
80:1 released to native males, and the overflooding ratio is increasing.
However, after any one release, a number of traps catch only undyed flies
{some are undoubtedly sterile flies that have lost dye). We expect to
improve greatly on this ratio as we increase production, re-allocate release
sites, and use the sterile medflies more judiciously.

Releases of sterile medflies will be continued at least through
November 1974 so we can measure the incidence of medfly larvae in the
peak-season guava crop.

MALE-ANNIHILATION TREATMENT OF MELON FLIES

On Lanai, the melon fly is distribuied in clusters in close association
with cultivated or wild breeding hosts. Thus, the fly iz found in small
gardensinthe 1,29-km? village and in older pineapple fields where Momordica
charantia, the principal breeding host, grows as a weed. The male-
annihilation treatments will therefore be applied to areas that have Momor-
dica. These areas were delineated in co-operative studies with the Ciirus
Insects Investigations Laboratory, Weslaco, Texas (Hart et al., 1971) in
which infrared aerial colour photographs were made of 7250 hectares of
pineapple fields. This remote sensing technique, 2 promising survey tool
that we hope 1o use again, allowed us to identify 364.5 hectares of pineapple
fields containing various-size patches of Momordica.
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The tests of male annihilation againei melon flies are at present planned
to proceed as follows: In the firsi place, to attract melon flies out of the
pineapple fields, we will use light aircraft to apply 4.47 kg per hectare of
Thixein-thickened sprays of cue-lure (Ohinata et al., 1971) {60% cue-lure
+ 10% Thixcin + 30% naled) to 72.5 kim? around the perimeter of pineapple
fields. Also, we will apply four swaths, 0.161 km apart, extending 1.61 km
out from the border of the pineapple fields toward the sea. In addition,
in the Keamoku Beach area on the north side of Lanai, three swaths will
be applied extending from the shoreline inland, and aerial sprays of the
formulation will be applied over the remaining inhospitable area of the island
(ca. 207.2 km?) at the rate of 140 g of mixture per km? at 3-week intervals
(to ensure adeguate coverage of the portion of the island that probably
harbours only transient flies}. Finally, in the inhabited areas, the viilages,
we will apply the mixtures to powerline poles, irees, hedges, and fence
posts by squirting it from oil cans at a rate of 0.2 g per squirt per 15.25 m
(148 or 174 squirts per hectare).

In the second place, 15.24-cm pleces of 24-ply siring saturated with
70% cue-lure + 30% naled (0.9 of mixture per 15.24-cm string) will be applied
to 508 hectares of post-harvest pineapple fields at a rate of 40 strings per
hectare {91.5 m apart). However, we have since found that cigarette filter
iips can be gubstituted for the sirings. Also, we will treat 1012.5 - 1215
hectares of post-harvest pineapple fields by locating redwood stakes
(1.27 cm X 91.44 ¢m) saturated with 4 - 6 g of T0% cue-lure + 30% naled around
the perimeter of the 45.8-m beds at the rate of 12 siskes per hectare. Fresh
stakes will be set out at Z-month intervals.

The rationale for the sequence is that the ease of application and good
coverage obtainable with the thickened sprays will produce a more drastic
population reduction than the strings or filter tips. Then once suppression
is achieved, it can be maintained and enhanced by the longer-lasting sirings
or filier tips that take about twice as long to apply.

A preliminary treatment, a single aerial spray of cue-lure + naled
thickened with Thixcin, was applied to a 30.49 km X 0.805 km border strip
around one of the fields of pineapple. Immediately after the application,
traps adjacent to thie gprayed area showed a reduction in catch of 98%
compared with the pretreatment level; after 2 weeks, the reduction was
88%. The spray was therefore judged sufficiently efficacious to use in the
male-annikilation programme, and treatment intervals were set at 2 - 3
weeks. In another preliminary test, a 243-hectare Momordica-infested
pineapple field was treated by distributing redwood stakes soaked at the tip
with 5 g of cue~lure + naled at the rate of 12 siakes per hectare. No male
melon flies were recovered from that field during the first 8 weeks
post-treatment.

We have also been testing the equipment that will be used. For example,
in co-operative studies, Agricultural Research Service engineers in Yakima,
Washington, have developed a string cutter, a solid particle auger, and a
viscoug-lure spray pump that will be used to apply ireatments from aircraft.
The string cutter and auger were used to distribute male-annihilation treat-
ments in 688.5 hectares of post-harvest pineapple fields that had Momordica
infegtations; the spray pump was used to apply spray to the uninhabited
portions of the island that are not in pineapple. Also, in October 1973, we
made further checks of equipment and methods. The liquid-lure dispenser
malfunctioned and required extensive modificaiion and redesign.
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The treatments with 2. 36-cm pieces of 24-ply string were not as effective
as expected. Finally, heavy rainfall in December and January reduced
the effectivéness of the treatments.

COMMENTS

The procedural difficulties with the treatments against the melon fly
have led to the decision to hold the male-annihilation programme in abeyance
until we finish the release programme against the medfly. Liquid male-
annihilation treatments only may be made for compatibility with the releases
of sterile melon flies to mop-up wild flies missed by the treatments.

Our general strategy requires that we first test the methods of treat-
ment to determine their efficacy. We must algo determine the best way to
conduct the experiment or Lanai before we commit ourselves completely
to any one approach. When the data are not conclusive, the approach we
choose will be based on the simplest, least expensive, or most logical
method. We will keep our options open until we are sure we are proceeding
in the right direction. We make changes in our methods as needed and have
been able to effect savings in the cost of materials and applications at the
same time that we have improved our methods.
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THE PROCIDA MEDFLY PILOT EXPERIMENT

Status of the medfly control
after two years of sterile-insect releases®

U, CIRIO

Laboratorio Applicazioni in Agricoltura,
Comitato Nazionale per 1'Energia Nucleare,
Rome, Italy

Abstrace

THE PROCIDA MEDFLY PILOT EXPERIMENT: STATUS OF THE MEDFLY CONTROL AFTER TWO YEARS
OF STERILE~-INSECT RELEASES,

The CMEN initiated in 1911 a four-year pilot experirnent of medfly control by the sterile insect technique
on the island of Procida, The mass rearing and sterilization of the medfly, the logistic techniques, the
evaluation method and the control strategy used in 1973 are described, The medfly was effectively suppressed
by releasing a imited number of sterile flies and by other simple control methods,

INTRODUCTION

During the past twenty years, in spite of extensive use of pesticides,
the lesses and problems to the Italian fruit industry due to Ceratitis
capitata {Wiedemann) have increased. II was recently estimated in Italy
that the loss of income due to this species is about 45 million dollars a
year [1]. The urgent need for alternative methods to control medfly induced
the Laboratory for Application of Nuclear Techniques to Agriculture, CNEN,
under the auspices of the IAEA, to explore the possibilities of using the
sterile-insect technique (SIT) in the Parthenopean islands [2, 3], These
first trials, conducted in cellaboration with the Italian Minigtry of Agriculture
and Forestry (MAF)}, EURATOM and IAEA, proved very promising. The
necessity, however, to have definitive, practical and economic data on the
application of this technigue convinced CNEN fo begin, in 1971, a four-year
pilot experiment characterized by ecological studies during and after the
two initial years of sterile fly releases. This experiment, located again
on the island of Procida, is carried out in collaboration with MAF and
EURATOM. The present paper describes the control strategy followed in
the 1973 releases and discusses the resulis obtained.

*Contribution 395 from the CNEN Agricultural Laboratery, Casacela Nuclear Studies Centre,
8. Maria di Galeria, Bome, Italy,
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FIG.1. Release cage used for sterile medfly adults on the island of Procida,
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MATERIALS AND METHODS

1. Mass rearing and irradiation of medfly

The flies were reared at the Casaccia insectary using the technique
reported by De Murtas and Cirio [4]. During the winter a Ceratitis wild
population from Procida was colonized in the insectary. At irregular
iptervals during the year, many flies collected from fruits artificially
infested in field cages at the insectary were introduced into the mass rearing.
Studies on the modification of egg incubation, cheaper larval diets, and
mechanization of rearing procedures were carried out or are still in
progress. The length of the pupal stage was regulated by varying the
temperature from 15 to 256°C to synchronize adult emergence. A few days
hefore the end of the pupal period all insects were coloured with different
fluorescent dyes according to the release areas, The sterilization of marked
adult flies was accomplished at the 80C'o irradiation plant of the Agriculture
Application Laboratory of CNEN — Casaccia Center — with a dose of 10 000
(+10%) rad. After irradiation, the sterile insecis were transported during
the night by car to Procida. During the first month, adult sterilization was
accomplighed by using paper bags as described by Cirio and De Murtas [(5].
However, from June to October, following successful preliminary trials,
the adult flies were irradiated in special B0 em X 40 em X 28 cm cloth
cages, each containing about 100 000 insects that had been placed in the
cages 3 days hefore their emergence (Fig.1}. The cages were kept in air-
conditioned cells at 25°C until the time of irradiation. The emerged adulis
were fed by wetting strips of paper towelling with water. The sirips were
hung in the cloth cages to increase the support surface for the flies, In
addition to these cages, 50 paper bags (each containing approximately
10000 insects) were sent to Procida. These extra flies were released
in areas not easily accessible by car.

2. Distribution of sterile flies

The release of sterile adult flies on Procida began on 4 May 1973, later
than planned in the control strategy. During the first month the paper bags
with sterile insects were hung and ripped open mainly in the most favourable
medfly over-wintering areas; these generally correspond with citrus
culiivation. From June onwards, releases were carried out using small
cars carrying two sterile insect cloth cages set upright and opened on the
top. The releases were made on a weekly schedule along all roads of
Procida, which practically are no more than 200 m from each other.

Sterile marked insecis were also released on Ischia and Monte di Procida
ta obtain information on Ceratitis movement, The numbers of sterile flies
released are given in Table I. After each release the number of weak flies
remaining on the bottom of the cages was estimated to calculate the real
number of competitive insects released.

3. Evaluation of effectiveness of medfly control

In 1973, the methods of evaluating control effectiveness were simplified
in order {o reduce the field work and were restricted to the examination of
fruit infestation and teo trapping. On Procida, an accurate inspection of



42 CIRIO

TABLE I. DATA ON RELEASE OF STERILE MEDFLY IN THE
EXPERIMENTAL AND CONTROL AREAS*

LOCALITY
MONTH Proctda M. di ProcidaP Lechia

May 13 408 000 0 0
June 8 510 000 0 0
July 3237 000 4101 000 130 000
Augusst 1722 000 5 495 000 65 000
September 5 947 000 o o
October 8 082 000 0 o
November 0 ) ]
TOTAL 20 896 000 9 596 000 195 000

% Data refer to sterile adults that left the cages.

Releases were made in collaboration with the Experimental Station of Italian Ministry of Agriculture &
Forestry, Eatomelogical Section, Portici, Naples.

fruit selected in the 12 systematic sampling areas as well as in the control
areas was carried out every week according to the techniques described by
De Murtas et al. [2]. Atfack was always indicated by the presence of
mature larvae in the fruit. On the island, further controls were made on
fruits imported from the mainland. All host fruits found in the stores and
suspected of being infested were gathered and put in special boxes to collect
the pupae. Indirect control of the effectiveness of the techniques was carried
out by trapping the flies in the Trimedlure bait traps always present on
Procida and in the control areas. The number and colour of the captured
flies were compared with those of adults caught in Capri, Ischia and

Monte di Procida.

4. Medfly control sirategy

In 1973, the procedure for conirolling Ceratitis on Procida was changed
according to the following congiderations;

(a) The clearly successful 1972 Procida experiment [5];

{b) The lack of long-term eradication in the previous year's Procida
programme (despite the continucus release of 85 million sterile adult
ingects from March to the end of October) due to the immigration of
gravid females from the nearby areas [ 5];

{¢) The ecological information collected on Procida and control areas
eince 1967 [5-13];

(d) The attempt to achieve the same results as in 1972 with a cheaper
control programme using smaller numbers of sterile insects and
simplifying the techniques [14],
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The 1973 control programme (see diagram in Fig.2) can be divided info a
gequence of five periods.

I.

IIT.

v,

The first period was devoted fo reducing the over-wintering population
by destroying the sour oranges and by intensive sticky trapping. This
latter work began at the end of 1972 in order to eliminate the aduit
population and to avoid the problem of applying ingecticides on"the
island. However, to follow the development of the natural medfly
populaticn, about 10% of the sour oranges were left on selected trees.
The second period was devoted to repressing the reproductive rate of
emerged flies by using massive releases of sterile insects. The timing
of the applicaticn of the SIT was established by:

The emergence of the first flies from pupae collected regularly
during the winter and spring from infested sour oranges {key host
in Procida);

The first flies captured In the sticky traps which remained in the
fietd until the first newly emerged wild flies were captured;

The weather conditions,

Releases were continued 2 months after the last record of flies emerging
from pupae collected from sour cranges. During thig time it was
assumed that the flies could have about two generations in the field.
Thesde releases were carried out at the rate of about 10 000 sterile flies
per week distributed first on the over-wintering medfly areas and
afterwards on all Procida cultivated areas.

The third pericd was dedicated to checking the newly emerged adults
which came from the infested fruits imported to the igland and from the
oviposition of gravid females which immigrated from the nearby areas.
This was done to establish the beginning of the second release phase,

It was accomplighed by checking the flies emerging from infested fruits
both collected in the field and found in fruit markets. Also, 300 sticky
traps were placed in the field 20 days after the latest release of insects
in order to reduce the number of ithmigrant males. The 20-day period
was chosen because of the short life of sterile male flies during the
summer months. All traps were removed a few days before the beginning
of a new distribution of sterile medflies,

The fourth period was devoted to repressing the reproductive rate of
the resurging local medfly population by releasing sterile insects for
about 2 months.

The fifth period will again be dedicated to reducing the over-wintering
medfly population.

RESULTS AND DISCUSSION

Sampling of the medfly population on Procida before applying the SIT

revealed a 4.1% infestation in sour oranges and few wild males in the sticky
traps in March. However, adverse weather conditions in spring deiayed
the beginning of the sterile adult release until May 3rd, i.e. about 10 days
after the emergence of the first medfly adults from sour oranges. During
the second pericd of the experiment, the wild population was completely
eradicated on Procida, but since the end of August, like in 1972, z very low
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TABLE II. RESULTS OF FPRUIT INSPECTION FOR MEDFLY
INFESTATION IN THE RELEASE AND CONTROL AREAS
HOST FRULTS EXAMMNED
MONTH APRICOT PEACH FIG
A B A B A B A B
Island of Procida
Tme 7975 0.0 13303 0.0 - - - -
July 4890 0.0 14761 0.0 8725 0.0 180 0.0
August 110 o.0 12418 0.4 19940 0.0 15804 0.0
September - - 12478 8,0 agog 0.0 1958¢ 0.0
October - - 2968 28,6 550 0.0 5148 1.8
Monte di Procida®
Tane 681 0.0 146 0.0 32 0.9 - -
July 2589 €.0 362 0.8 573 0,7 / /
August 262 80,1 58 32,1 Ta9 1.8 / !
September - - 25 64,0 360 33.0 / /
Cctober - - - - 477 50.1 / /
Island of Ischia?
June 205 0.0 40 0.0 - - - -
Tuly 373 3.2 211 0.2 214 0.0 / /
August 7% 22.2 195 22,8 208 2.0 / /
September - - 819 49,8 196 24.4 / /
October - - 230 B2 8 - - / /
Island of Capri
June - - - - - - - -
July 386 1.0 1250 0.0 650 0.0 - -
August - - 755 40.0 930 0.0 230 0.0
September - - 175 86.8 - - 200 1.5
October - - 143 100.0 - - 21% 30.6

Data from Dr. Fimiani, Ititrto di Entomologia Agravia, Portici, Naples.
A = No. of fruits examined

B = percentage of Infested fmits

/ = unknown data,
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FIG.3, Number of captured wild maies on Piocida and in control areas in 1073, (Data taken from
Dr. Flmiani, Istituto di Entomologia Agraria, Portici, Naples, }

infestation was found on the island due te immigration of adults from

Monte di Procida and Ischia. In fact, the recapture of marked adults released
in the most important infested area of Monte di Procida and along the west
coast of Ischia confirmed the thesis of a continuous immigration of medfly
from these areas to Procida since August, This infestation, which was
almost exclusively limited to wild peaches, was not stopped by the second
release of sterile adults at the end of August,

However, periodic examination of host fruits in the control areas, where
medfly is conirolled by insecticides, indicated that the attack on Procida was
very low (Table II). Trapping of wild adults in experimental and control
areas {Fig.3) also showed a good result for the 1973 trial programme,
although a general delay was observed in the natural population increase
which did not reach the level of preceding years. The degree of fruit
infestation, however, confirms the great ability of this species to infest its
host even at a low population density [8]. This behaviour of the flies must
be carefully considered in planning the quantity of sterile inseets to release.
This quantity should mainly assure a high probability of matings between
sterile and wild ingecis following good dispersal of a sufficient number of
sterile flies in the selected experimental area, In the Procida environment
this number was established to be about 10 000 adults per ha. The results
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TABLE IIIl. DATA OF MEDFLY WILD MALES CAPTURED IN PROCIDA
ISLAND USING FLASTIC TRAFPS

CAUGHT WITH TRAP/DAY

YEAR JUN, TUL. AUG. SEP, ocr, NOV. DEC.
1968 0.26 6,23 26. 66 48.63 14,59 1,56 0.21
1969% 0.75 1.84 2,83 51.00 25.22 1.44 0. 02
1970 0.38 - 22, 17 - 19,12 - -
1971b - 19, ga® - 58,76 55,18¢ B.84° g, 08¢
19723 0,00 0. 00 0,01 0. 07 0,14 1. 87¢ 0.13¢
19732 0,00 0, 06 0,01 0.15 p.33

? Years of SIT application
b Pata from Dr. de Murtas (GNEN)
€ Capture with sticky traps.

TABLE IV. INCIDENCE OF MEDFLY LARVAE IN PROCIDA ISLAND

YEAR JUN, JUL. AUG, SEP, oCT. nov.? pec.?
1967 c c c XXKX XAXX XNXX ANKX
1968 X KX KXXX XXAX AKX KX XXX
19693 % x x *RK XK ARXA XXKX
1970 X XXX fve.vs XERX o0 it b e
1971 X XXX bt e X0 XXXX XHAX XK
19722 0 0 x X X X X
19732 o o x X x x c

a = year of SIT application;

b = attack related to the orange fertile stings:

© = fruits not inapected.
Fruits examined: June and July — apricots and peaches; August = peaches, pears and figs;
September and October — figs and peaches; November and December — oranges and fangerines,
Level of infestation: 0 = zero; x =siight (< 10%); xx = moderate (10=30%); xxx = strong (30 = 809);
XXHX = very strong (> 607,

obtained in 1973 on Procida showed that by using a strategy of releasing
considerably fewer sterile insects than in 1872, medily control was still
very effective (Fig.4). This was possible only because of good integration

of other control techniques and very accurate sampling of the medfly
population. The most important advantages of this new medfly control
sirategy were the reduction of the cost of the experiment and hetter colla-
Boration with the farmers in {rapping and sour orange destruction. However,
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some problems did arise during the 1873 application of the SIT. First,

the new release procedure took more time than when the paper bags were
used because few flies left the cloth cages when the car was moving. Second,
it was chserved that about 35% of the sterile medflies were wealk and unable
to fly from the cages. This clearily indicated the necessity to modify the
procedure of handling the flies in the cloth cages which, in contrast, were
very practical for the sterilization of large numbers of adults in a short
time, Ways of improving the techniques used can be easily foreseen.

At the end of the sterile medfly release experiments on the island of
Procida there were no doubts about the effectiveness of the SIT to control
this species, as is shown in Tables I and IV. However, research on

. Procida will continue for some vears to estimate the changes induced in this
environment after a lengthy and sirong reduction of the medfly population.
Efforts will be made to have a final analysis of all results and to estimate
the cost of medfly contreol. This information should prove very important
when implementing the large new SIT programmes which CNEN recently
promoted in Sardinia and Latium,
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GENETIC CONTROI, OF Ceratitis capitata

Practical application of
the sterile-insect technique*
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Abstract

GENETIC CONTROL OF Ceratitis capitata; PRACTICAL APPLICATION OF THE STERILE-INSECT TECHNIQUE.
Since 1965 the IN14 has been carrying out a programme of blological control of Ceratitis capitata
(Wiedemann) by means of the sterile~insect technique {S1T). Preliminary field experiments in 1869 in the
province of Murcia, Spain, showed the method to be effective when applied in small isolated areas, New field
experiments in 1972 in the province of Granada showed that it was possible to protect a semi-isolated area of
100 ha by creating peripheral “bartiers” of sterile insects. No “sterile punctures” were observed in the fruit
of the release area. ln 1973, mass-rearing techniques wete improved and methods for shipment of refrigerated
adults instead of pupae were developed. Results of these experiments confitm (&) that the SIT is fully effective
in the contrel of C. capitata, (YY) that shipment of insects in the adult stage is more effective than in the pupal
stage, and {c) that improvement in the rearing system can reduce the cost of production of irradiated insects
by 60%.

INTRODUCTION

1. Background

In 1965 the National Institute for Agricultural Research (INIA) started
a programme of biological control of Ceratitis capitata (Wiedemann) by the
sterile-insect technique (SIT), Its ultimate aim was to develop a technique
which could be uged in suitable combination with conventional systems to
eradicate or control the pest, avoiding at the same time a series of undesira-
ble effects (environmental pellution and disturbance of the biological
equilibrium) resulting from the exclusive use of ¢chemical pesticides,

Between 1966 and 1969 a series of basic investigations was carried out
in order to improve the methods of large-scale rearing and sterilization
£3, 5, 7, 9]. At the same time, small-scale field applications were per-
formed in order to study the methods of release of insects and the efficiency
of the system [1, 4, 6, 7, 9], 1In 1889, in the preovince of Murcia, an experi~
ment was conducted for the first time in Spain aimed at controlling the pest
in a small regular plantation of citrus and gtone-fruit trees by the SIT
exclusively. The results were fully satisfaciory and showed that the method
was fully effective when applied in small isolated areas [ 8, 8, 12]. During
19%0, 19%] and 1972, laboratory investigations [11, 12] and small-scale
field experiments [2, 12] were continued, during which a study was made
of some problems which needed to be solved so that the method could he

L
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applied economically on a large scale, namely irradiation of adults, survival
and dispersgion of sterile ingects in the field, methods of release, cccurrence
of sterile punctures in sione-fruit trees, and ecological aspects,

In 1972 a new field experiment was carried out in the province of Granada
over an area of some 100 ha, where the pest was controlled entirely effectively
by creating peripheral 'harriers' of sterile insects [13]. The problem of
'sterile punctures' in the fruit of the release area was eliminated fully by
this procedure,

2. Present gtatus

The present status, ag resulting from the activities described, can be
summarized as fellows:

{a) The 1969 experiments demonsirated that in sufficiently isclated
areas the application of the SIT is by itgelf fully effective for the
control of C. capitata, even when the native population is large.
The 1972 [13] and 1973 field experiments, described in the present
paper, have confirmed the efficiency of the technique;

(b} A problem encountered during the 1969 experiment was the
appearance of sterile punctures in stone-fruits produced by
irradiated females. These punctures do not affect the quality
or health of the fruit but can, to a certain extent, impair its
appearance. The experiments carried out in 1970, 1971 and 1972
ghowed that, except in some varieties of peach, the sterile punctures
were not vigible upon normal inspection and did not therefore
constitute a serious problem as had geemed to be the case at the
beginning [10];

(c) The exclusive application of this technique as the sole method of
control is, at present, excessively costly, Improvement of
techniques and mechanization of operations for a large-scale
programme would of course lead to a substantial reduction in
costa, The use of the technique as part of a programme of
integrated contrel, in which it would act on low~density populations,
may already be economic under present circumstances,

1873 PROGRAMME

1, Ob jectives

(a) To demonstrate once more the efficiency of the SIT for the control
of C. capitaia in the area treated in 1972, with the use of improved
techniques;

(b} To continue the study of the time-table of the appearance of C.
capitata adults in an extensive area (some 200 000 ha) and compare
it with that of the previous years for the purpose of extending the
experimental area in the future;

{e) To release sterile insects at the over-wintering centres of
C. capitata, especially on the coast;
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{d) To try methods of shipment and release of refrigerated males,
comparing the efficiency with that of shipment of pupae;
{e} To perform preliminary experiments on aerial releasge techniques;
{f} To improve the methods of rearing and handling of insects with
a view to reducing cosis.

2. Description of the experimental area

All field experiments were carried out in the same experimenial area
as in 1972 (Fig.1l), described in detail in an earlier publication [13].

In the coastal areas of the province of Granada, C, capitata is an
endemic pest, and under the climatic conditions prevailing there, the insect
exists in the adult form throughout the yvear.

In the interior of the province, the hogt plants are essentially stone-
fruit irees in regular plantations. The early-ripening fruilts usually escape
infestation by C. capitata, which occurs as the season advances, presumably
&g a result of the migration of insects from the warmer coastal areas [13].

The experimental area for the application of the SIT is situated at
Pinos Puente inthevalley of Granada (850 m ahove sea level), It covers
some 100 ha, including a regular 2% ha peach plantation with some
10 000 trees in all (Fig,2). This area had already been used for experiments
in previous years, In 1271, a siudy was made of the cultivation and plant
health practices and data were obtained on the yield and usual losses due to
the pest. The dispersion and longevity of sterile insecis were also determined
by experimental releases [12]. In 1972, this area could be protected fully
by the exclusive use of sierile insects [13],

The regular peach plantation includes the varieties Jerbnimo, Calabacero
and Campiel, Campiel {800 trees) is a very late-ripening variety and is
movre vulnerable to infestation by C. capitata.

The average total harvest of the above-mentioned varieties is 220 D00 kg,
of which 25 000 kg is accounted for by Campiel. In 1973, owing to elimatic
factors (frost), the harvest was very low — 31 000 kg, including 5500 kg of
Campiel.

The plazntation i very favourably situated for experimentis on biological
control by the SIT. Though lacking in topographic isolation, it ig surrounded
by herbaceous crops; there are no known hosts within a radius of about 5 km,
except 2 few small isolated population foci,

The areas selected as control were three plantations at Armilla,

Santa Fe and Purchil, Their altitudes and c¢limatic, topographic and
ecological conditions are entirely similar to those of the experimental area.

In a normal year, in spite of chemical treatment, C, capitata infestation
affects at least 5% of the total early output, reaching as much as 17% in the
case of the Campiel variety.

The main characteristics and treatments performed in 1973 of the
experimentsal and control areas are as follows:

(1) Pinos Puente {experimenisal area)

Area of the peach plantation: 25 ha
Age of trees: 6 and 9 years
Varieties: Jerdnimo, Calabacero and Campiel.
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(2) Armilla (control area)

Area of the peach plantation:

Age of trees:
Varieties:
Treatments:

(3)

Santa Fe {(conirol area)

Area of the peach plantation:

Age of trees:
Varietieg:
Treatments:

{4) Purchil (control area)

Area of the peach plantation:

Apge of trees:
Varieties:
Treatments:

3. Maierial and methods

3.1, Capture of native insects

FPlaptic fly-traps containing an attractant (Trimedlure) and an insecticide

10 ha

6 years

Jerbnimo and Calabacero

Two treatments with 0.2% Lebaycid
by fell spraying on 26 July and

10 Auguat.

8 ha

7 years

Jerbnimo and Calabacero

Two treatmentis, one on 1 August
with 0,2% Lebaycid by full spraying
and the other on 11 August with
Lebaycid + 0.5% buminsal in strips.

9 ha

6 years

Jerbnimo, Calabacero and Campiel
Two treatments with 0.2% Lebaycid
by full spraying on 28 July and on
10 August for early-ripening
varieties,

Two treatments with 0,2% Lebaycid
by full spraying on 28 August and
13 September for the late Campiel
variety.

{DDVP) were set up at the localities Jete, Motril, Almufiecar, Velez de
Benaudalle, Beznar, Durcal, Santa Fe and Guadix (Fig. 1),
Four traps were set up at each of the above localities in regular peach

plantations.

(In some of them other fruit trees are also present, namely

orange, sapodilia and apricot.) All traps were inspected twice a week and
the inspection was continued until the presence of the insect was confirmed,

3.2. Releaze of sterile insects

The release of gierile insects began towards the end of March at
Almunecar, Jete, Motril and Velez, since (in accordance with the time-
table of appearance of Ceratitis established in 1972 [13]) these places were

regarded as over-wintering centres of the fly.

From 11 July onwards all

releages were carried out in the experimental area of Pinos Puente.
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All the ingects came from the mass artificial rearing laboratory in
Madrid (E1l Encin) and were supplied in the pupal or in the adult gtage,
Releases in the pupal form were carried out by the method used in 1972 [13].
The adults were released at suitable places in the field where the sun could
rapidly revive them after they had been kept at a low temperature for several
hours.

All releases in the experimental area were carried out at points 1 to 7
{F'ig.2), except in the case of the late-ripening varieiy Campiel, for which
the insects were released in the interior of the plot. The time-table of
releases and the number of insecis released are given in Table I.

3.3. New method of shipment of pupae

C, capitata pupae were sent from the mags-rearing centre to the
experimental area in cages made of a parallelepiped wooden frame with
very fine wire netting on all sides.

Boxes with pupae (100 000) are stacked in these containers. ‘The top
of the boxes congists of plastic netting through which adults emerging during
the journey can leave the boxes and disperse through the whole volume of
the container. In this manner, when the shipmeni arrives in the field,
abeut 45% of the insects are in the adult stage and in full activity.

3.4, Labhoratory technigues for obiaining irradiated adulis

In order to store the largest number of irradiated adulis in the smallest
possible space, we made some cylinders of cloth netting, 2.50 m in height
and 45 cm in diameter. The Jower part contains a number of circular
plagtic trays and the upper part a funnel, the major diameter of which is
equal to that of the lower iray.

The bottom of the tray contains a layer of sawdust and above that a
layer of pupae (50 000). The whole tray is covered with a circular 1id of
wire netting, the openings in which allow the newly-emerged adultzs to
pass but hold back the pupae.

These cylinders are suspended from the roof. As adulis emerge from
pupae, they pass through the netting, fly upwards and scatter over the
whole surface of the eylinder,

When there ig a sufficient quantity of adults, the cages are folded up,
placed in a refrigerated chamber and kept there for gome time until the
adults lose activity., Then the cages are again suspended from the roof,
but now in the inverted position. The adults glip down along the fabric and
fall into the funnel, which directs them into appropriate containers, The
pupae cannot fall since they are retained by the wire netiing covering the tray.

The system described is simple, inexpensive and easy to operate,

One can uge either previously irradiated pupae or non-sterile pupae if it
is desired tfo irradiate them in the adult stage.

In the former case {method used for releases in 1973}, the adults were
collected in cylindrical containers with very fine metal gauze baseg having
a capacity of 30 000 insectis.
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3.5. Techniques of shipment of refrigerated adults

After ihe containers have been filled with adults, they are placed in
portable ice-boxes with geveral bags of ice, Thus packed they are sent by
night train to the experimental area, On arrival, the adults are released
at suitable points in the sun so that they rapidly regain their body tempera-~
tere and can resume thelr normal activity in the ghortest possible time.

In practice, thig gystem of shipment has been found to be very efficient
and, save for a few accidenis (bursting of ice bags), the percentage of
mortality has always remained within very low limits (see Table I).

Depending on the ambient temperature during the journey to the experi-
mental area, a greater or smaller number of ice bags are used go that the
temperature inside the box remaing between 5 and 8°C,

3.6, Preliminary experiments on aerial releases

in the present experiment we carried out geveral frials of aerial release
Irom Piper aircraft, The primary aim is to find a simple, economical
method which could be applied on a large scale by non-specialized personnel.

During these trials the support material for Ceratitis adults was cork
shavings and small polysiyrene balls, The latter material was found to
behave better, Altogether 2 500 000 adults were used in these experiments.

The results are promising but the system requires improvement, since
very high mortality was observed.

3.7. Inspection of fruits

In the experimental and conirol areas, samples of fruits were taken in
the process of harvesting (including fruits which had fallen to the ground).
Samples were collected from crates at random on different days of harvesting.
The details of the number of fruits inspected in each sampling operation and
of the total harvest in each case are given in Tables II and III.

In the case of the late-ripening variety Campiel, samples were taken
from the fruit-receiving bench and as the fruits were being packed in crates
(Table IV},

4. Results

Figure 1 shows the dates of appearance of C, capitata adulis in each
of the localities mentioned.

Tables 11 and 1III give data on C, capitata infestation of earlier ripening
peaches in the control {(Armilla, Santa Fe and Purchil) and in the experimental
{Pinos Puenie) areas.

Table IV presents data on C. capitata infestation of the late-ripening
peach variety Campiel in the control (Purchil) and in the experimental
(Pinos Puente) areas.

These tables show that:
1., In all samples, infestation by C. capitata of the earlier varieties of

peach (Jerbnimo and Calabacero) was less than 1.3% in the experimental
area, which was protected exclusively by means of sterile-ingect release,
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In samples taken from the control areas (ireated chemically) infestation
varied between 1.2% and 17%. In non-treated areas, it lay between
92'7 and 100%.
2. The following averages were obtained for infestation:
Early-ripening varieties
Experimental area 0.129,

Control areas:

Santa Fe 2,20%
Purchil 8.30% .
Armilla 6.70%

Late-ripening varieties

Experimental area 0.30%
Control area (Purchil) 2,10%

3. It can be concluded from Table II that ghipment of insects in the adalt
stage (refrigerated) is more effective than in the pupal stage. These
resulis can be gummarized in the following figures (the 1972 data are
cited for comparison):

1992 1973
Total shipment of pupae (millions) 40,7 54.1
Total usefnl insects (millions) 25.0 32.4
Efficiency of the method {8) 61.3 60.0
Total shipment of adults {millions) 23.0
Total ugeful insects (millions) 18.1
Efficiency of the method (%) 79.0

The above data indicate that shipmentis of pupae give about 60% useful
ingects, as compared with 79% in the case of shipmenis of adults,

TABLE 1I, PERCENTAGES OF (Ceratitis capitata INFESTATION IN THE
EXPERIMENTAIL AREA
{Jerbnimo and Calabacero varieties)

Fruit Fruit
Place Date harvested infested %

: (kg) (kg

Pinos Puente 4,5,6/8 5 004 0.5 0.0

/8 1 500 20 1.30

8/8 5000 0.5 1.01

14/8 4 000 1 0.02

15/8 3 500 1.5 0.04

18/8 2 000 1 0.08

17/8 2 000 2 0.10

21/8 1090 - 0.00

29/8 1 500 5 ¢.30
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TABLE III. PERCENTAGE OF Ceratitis capitata INFESTATION IN
CONTROL PLOTS

{Jerdonimo and Calabacero varieties)

Fruit Fruit
Place Date harvested infested % Rernarks
(kg (kg)
Santa Fe 30/7 1100 28 2.60 2 treatments
a1 360 & 1.70 {Lebaycid) on
/8 3 000 43 1. 80 1 Aug. and 11 Aug.
8/8 1 500 18 1.20
9/8 200 30 6.00
10/8 1700 46 e.7a
11/8 2 000 a9 1.85
13/8 11700 41 2.40
15/8 500 20 4,00
Purchil 3/8 1250 44 3.50 2 treatments
4/8 2 480 @7 2.90 {Lebaycid) on
5/8 2 230 101 4.50 26 Jul. and 10 Aug.
B/8 3 450 210 .10
T/8 1860 54 2.80
8/8 2 680 98 3.10
15/8 3 845 347 9,340
16/8 2 300 200 8. 70
17/8 3 640 378 1G. 30
20/8 5 435 711 13.20
24/8 1 ez4 412 17.10
Armilla 31/7+5/8 12 a00 548 4,30 2 treatments
7/8-10/8 6 348 387 6.10 (Lebaycid) on
11/8-17/8 8 300 482 5,80 26 Jul. and 10 Aug.
17/8-24/8 6 B4 ats 12,80
Purchil 10/8 3 224 2 960 92. 00 No chemical
treatment
Armilla 8/2 2 840 2 8B40 1040, o4 Na chemical
treatment

4. Improvement in the rearing sysiems hasg reduced the cost of production
of irradiated insects in 1973 (in comparison with that in 1972) by
approximately 60%.

5. It has not yet been possible to develop a satisfactory method of gerial
release.
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TABLE IV. PERCENTAGE OF Ceratitis capitatea INFESTATION
(Late-ripening variety Campiel)

Nurmber of Number of
Place Date fruits fruits Ta Reryarks
harvested infested
Purchil 26/9 8 400 a3 0.63 Control area.
26/9 300 18 8.00 Treatment on
2749 5 280 119 2.08 28 Aug. and 13 Sep.
2/10 7 580 93 1.22
/10 10 370 122 1.17
4/10 T 160 a3 1.18
1/14 7020 88 1.26
8/10 7 100 28 1.38
14/10 2 820 219 T.70
15,10 2 96¢ 339 11.50
Pinos Puente 25/9 T 954 4 0. 05 Experimentil area.
26/9 T 250 21 0.28 No treatment.
21/9 - 1920 4 ¢.20
30/9 4 520 18 0.39
2/10 T BEC 21 .27
3/10 2 340 25 1.06
7/10 7 548 2p 0.37

CONCI.USIONS

The results obtained in 1973 confirm those of 1972 and 1969 in the sense
that the sterile-ingect technique is fully effective againsgt C, capitata, The
reduction in the cost of production and the higher efficiency of the method
of release of refrigerated adulis represent a gubsiantial progress in the
practical application of the technique on a large scale,
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Abszract

APPLICATION OF THE STERILE-INSECT TECHNRQUE FOR CONTROL OF MEDITERRANEAN FRUIT FLIES IN
ISRAEL UNDER FIELD CONDITIONS.

A large-scale field experiment, cawied out in 1972 in Israel, employing the sterile-insect technique
against the Mediterranean fruit fly and conducted over a 10 00¢ dunam area containing commercial citrus
groves, is discussed. The releass area was surrounded by a 500-m-wide low-volume (LV} bait spray barrier,
Sterile flies were released from the ground and by air twice weelly. Results indicate successfui controlof the wild fiy
population for several months only and a clear suppeession uatil July; thereafter, wild fertile females immigrated
into the releass area through the LV barrier,

INTRODUCTION

The Mediterranean fruit fly Ceratitis capitata {Wiedemann) is regarded
ag a major pest of citrus and deciduous fruit in Israel. In 1957, the Agro-
technical Division of the Israel Citrus Marketing Board began an intensive
study, under field conditions, of control of the wild fly population in citrus,
using Malathion bait applied as a ground spray [1]., During the 1958-1959
season, experimenis were carried out involving spraying SIB7 and
Malathion from the air (3 litres/dunam?}, To obtain a measure of the fly
population and the efficiency of the bait spray, traps containing 'Siglure’
{U.0. P, Chemicals, USA) mixed with 3% DDVP2 were placed, In 1960-1962
Medlure'® (U, 0. P. Chemicale, USA) was successfully introduced as a male
attractant, and the quantity of material sprayed from the air was reduced
from 3 to 1 litre per dunam, During the 1965-1966 citrus season, a locally-
developed bait, 'Nasiman' (Tamogan, Israel), mixed with technical-grade
Malathion, was air-sprayed using the low-volume (LV) spray method. The
quantity of spray, consisting of 25% Malathion and 75% bait, applied to the
citrus groves was reduced to 100 ml/dunam.

1 1 dunam = 1600 m*.
* DDVE = 0, 0-Dimethyl-0-2, 2-dichlorvinyl- phosptiate.
? Later replaced by *Trimedlure',
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The use of this method for Mediterranean fruit fly control in eitrus by
the Citrus Marketing Board (CMB) resulted in fruitsalmosifree of infestation,
achieved at a comparatively low cost and by using only small quantities of
insecticide per dunam. The most important feature of the method is that it
presents minimum hazard to beneficlal insects which interact with various
other citrus pests. Itis, however, traditional in Israel to use biclogical
control methods for most of the important ciirus pesis by the mass rearing
and release of various beneficial insects and by spraying with selective
materials, This is carried out by the Biological Control Institute of the CMB.
The disadvantages of the use of LV spray in commercial citrus groves and
the difficulty of controlling the wild fly population in settlemenis by air-
distributed bait spray, forced the CMB to search for other methods of
controlling the fly population, to eliminate the danger from the use of
insecticides in commercial citrus groves in urban areas, and to reduce the
widespread use of Malathion, even at a low dosage. The sterile-insect
technique can be utilized successfully in urban areas and also in the
commercial citrus and deciduous groves, reducing or eliminating insecticide
pollution.

In 1972, the International Atomic Energy Agency, through the United
Nations Development Programme, initiated a co-operative project with the
Citrus Marketing Board and the Biological Control Institute of the Board to
determine the feasibility of substituting the sterile-insect technique for
the LV bait spray method for control of the Mediterranean fruit fly.

In the summer of 1972, a preliminary test of the system was made in a
village about 3 600 dunams in area, Sterile males were released wherever
citrus and other deciducus fruit hosts were abundant. However, severe
suppression of the fly population was achieved for only about one month
because of the dense wild fly population ir surrounding groves and, hence,
the vast immigration of fertile females into the treated area in the absence
of any bait spray barrier.

THE 1973 STERILE-INSECT TECHNIQUE PROJECT

Methods and materials

The experiments were designed to demonstirate medfly suppresgion on
a larger scale than in the trials of 1972, They were carried out in the
southern coastal area of the country. The selecied area of about
10000 dunams included commercial citrus groves of all the major citrus
varieties, four collective settlements and wild vegetfation, including
abandoned groves, The area was isolated on the north and south sides by
4 -5 km of sand dunes and on the west by the Mediterranean sea, and was
bordered on the east by cultivated fields and some commercial citrus
groves (Fig, 1},

The groves ouiside the sterile-insect fly release area were treated
every 10 - 12 days with I.V bait spray to suppress migration of wild flies
into the release area, Before the end of the picking season in April,
grapefruit and valencia orange trees were marked in the release and
bordering L.V spray areas?; fruit on these trees was left unpicked until

*  The width of the LV border was about 500 m; it was speayed in 28-m=-wide swaths at 60- to 80-m
spacings,
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July — August to determine the effectiveness of the sterile-insect technique
in these experiments. However, in practice, a substantial amount of fruit
was left unpicked in all citrus groves — both in the release area and outside —
because of requirements for freezing of fruits, Large quantities of these
fruits outside the release area were taken as controls.

Forty-six fly traps (Fig.1, Traps Nos 1-46) were dispersed throughout
the release area to check periodically the distribution of the released
sterile flies, and also outside the L'V spray barrier area so as to obtain
indications of wild fly population fluctuations. In addition, at the end of
July another 14 Nadel-type traps (Fig.1, Traps A-N) were placed at various
points in a eucalyptus grove in the north part of the release area so that
information could be obtained on the migration of colour-marked (dyed) flies
released on the north border.

On the basis of the fly trap data, the release and barrier areas were
sprayed twice with L'V bait spray — at the beginning of September and the
end of November, 1972. During January - March, 1973, the fly population
was low because of the low temperatures. Two weeks before the first
release of sterile males in the middle of April, the release and border
areas were sprayed by air for elimination of any fertile adult females.

Mass-rearing technique

Oviposition cages

The Seibersdorf cylindrical cloth oviposition cage [2] was replaced
by a rectangular aluminium frame cage (2m x 2m x 0.2 m), two sides of
which were covered with a synthetic cloth screen (16 mesh/cm), providing

FIG.2. Rectangular oviposition cages.
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FIG.3. Self-stacking larval rearing trays.

oviposition sites (Fig.2). From about 250 000 adults in each cage,
approximately one litre of eggs was collected every ten days. The rearing
conditions were: temperature 25 + 2°C; 65 + 5% RH and continuous lighting,
The eggs were collected daily and held for 2 days in 3-litre round-bottom
flasks, aerated by aguarium stones, at a temperature of 24 + 5°C. The
eggs were then distributed on the artificial diet one day before hatching.

Larval medium

For rearing the larvae, self-stacking trays of fibreglass
(0.8m x 0.4m x 0.02m) were used (Fig. 3), each tray holding about
100 000 larvae. The cultures were held at 26 + 1°C for the first 3 days
after seeding and then transferred to 20 + 1°C and 85 = 5% RH until fully
developed. The mature instar larvae jumping into water were collected
every 8 hours, thus keeping the number of dead pupae to 2 minimum.
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Pupation and handling of pupae

Mature larvae are spread in a layer about 1 ¢m in depth in wooden
boxes (90 cm x 60 cm x 10 cm). Pupation takes place in the dark at 25°C
and 70% RH. After 48 hours, the pupae are removed and placed on screen-
bottomed trays (90 cm % 60 cm x 2 cm), 5 litres of pupae in each, and held
at 20°C and 75% RH.

Irradiation of pupae

The pupae are irradiated hy a °Co gamma irradiator (Gammacell 220)
supplied by the IAEA, at a dosage of 9000 rad, The irradiation is performed
on the first day of emergence of the adult fly, in bateh sequences every
8 hours. At 9 kR, the average male fertility was found to be about 0. T%.
Some individual males may exhibit a higher degree of fertility, but not

FIG.4. Adult emergence cabinet.
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greater than 1, 4%, The fail-safe instrument, connected to the Gammacell,
prevented any inadvertent confusion between irradiated and non-irradiated
batches of pupae.®

Emergence of irradiated adults, packing and release

The irradiated pupae are held in iron cabinets In screen-botiomed trays.
The adults emerge ina 10m x 8§ m cloth sleeve attached to the cabinets
{Fig.4)., Twice a day the flies are collected from the sleeve by chilling to
4°C, and are stored at this temperature for 2 1/2 days in netted trays until
their release. One hour before release, the flies are packed into 1-gallon
ventilated plastic containers, The transportation to the release area is
made in insulated boxes.

The release is made from the ground or from a fixed-wing 'Cheroka 5ix'
plane at a height of 7¢ - 80m and an air speed of 70 ~ 75 miles/hour. The
flies are released freely through a 3 1/2-inch plastic tube fixed to the floor
of the aircraft. The flies are not harmed by the free fall and after 5-10 min
commence their natural flight,

TAELE I, NUMBER OF FLIES RELEASED IN THE 19273 STERILE-
INSECT TECHNIQUE TRIALS

Adult Pupae
by from by from
aje ground air ground
- 6500000 - -
May 12575000 315000 1219 000 1705000
June 13783 000 202 000 2750000 -
July 20205 000 - 16396 000 4400000
TOTAL 51580000 26495000

RESULTS AND DISCUSSION

The wild fly population generally declined in February and March.
in April, when sterile fly release starts, trapping of wild flies was close
to zero. All flies in April were released from the ground, while in May
and June the flies were released mostly by air. Some experiments involving
release of pupae by air were also carried out (Table I).

The effect of sterile flies on the wild population was measured periodi-
cally by checking samples of un-picked fruit twice a week and by collecting
dropped fruit for laboratory examination,

® This inscument way constructed in the IAEA Laboratories, Seibersdorf,



i
-
T—yyrp—p— *
- = - B = - - T - - ]
= B T
IN43 DILSTINL LNITWA4




LAEA-PL-582/6 75

TABLE II. INFESTATION OF FRUIT VARIETIES IN THE BARRIER
AREA ON SPECIFIC DATES

Infestation (%)
Place Varjery
13 July 1973 30 July 1973
Gvar Am Grapefruit 8.7 27.72
Orange { valencia) - 1171
Mavkiym Grapefruic - g.82
Orange { valencia} 14.2 65.35
Yad Mordechal Grapefruit - 11.42

Beginping in May, the population of wild flies cutside the L'V bait spray
border increased; hundreds of flies developing on sour orange and other
citrus fruits were trapped weekly. In the first ten days of June, thousands
of infested fruits in the control area fell, In the middle of June, flies were
captured in the L'V border traps, and at the end of this month about 1%
infestation was noted in samples collected from Zikim in the release area
{591 fraits).

At the same time, all samples from Karmiyya and Yad Mordechal in
the release area {valencia and grapefruit) were clean. During the first
ten days of July in Karmiyya, out of 767 grapefruit collected, 1.6% were
infested, In the middle of the same month, 8,5% infested grapefruit were
found in Yad Mordechai (out of 11 430 fruits sampled) and 5% of valencia
oranges from Zikim were infested in a sample of 4 365 fruita,

From data collected on 30 July, 1973, the damage was found to have
increaged toabout 34 - 39% in the whole releasearea (Fig, 5). On the sames
day, hundreds of fruits from the LV bait spray area were collected and
checked. Higher infestation was found in the Mavkiym citrus groves, which
are nearest to the release area (Table II).

It was clear that the L'V spray strip of 500 m width was not sufficient
to present a barrier to the large wild fly population, and many fertile
females penetrated into the release area. Probably most of the wild flies
infiltrated through the eucalyptus groves in the north part of the release
area where the highest infestation was found and where the distance between
the barrier and the release area was only 120 m. Since the wild fly popula-
tion was increasing in the release area and the L.V spray barrier had proved
inefficient, release of sterile flies was stopped at the end of July.

Experiments were made to identify the migration of wild flies to the
release area on the north boundary. Nadel traps were placed throughout the
eucalyptus groves (traps A& - N, Fig.1). Eight hundred thousand green-
coloured flies were released from the ground at the Mavuiym border line;
the marked flies were trapped after six days in large numbers, not only in
the traps in the eucalyptus grove, but also in traps placed in Zikim,
Karmiyya and Yad Mordechai and to the south sand dune border (iraps
Nos 10 and 11). One week later, eight hundred thousand crange-coloured
flies were released from the ground in the same place, one day after
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application of LV spray, These flies were caught in the Nadel traps in the
eucalyptus groves and also in traps Nos 10, 11, 21, 25 and 36, These two
experiments demeonstirate the migration of wild flies across the entire release
area from the north, in the wind direction.

The results of this experiment and those of the previocus year indicate
the difficulties in the use of sterile flies for controlling the wild fly popula~
tion in small areas, even when release starts at the time of natural decline
in the wild fly population. Isolation of such areas with LV or ground sprays
is feasible provided that wide areas surrounding the release area are treated
and the wild flies are completely controlled, as in the centrally-organized
fly control system in operation in [srael during the citrus season. Under our
local conditions, it is guite difficult to use the sterile-insect technique in
late spring and summer because it would entail the stoppage of chemical fly
control in the citrus areas. However, good chances for successful fly
control with sterile flies could be achieved in large areas which are more
or less naturally isolated by releasing the irradiated flies in the autumn,
when the wild fly populaticn in citrus groves throughout the country falls
under LV bait spray control,
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Abstract

APPLICATION OF 51T ON THE EUROPEAN CHERRY FRUIT FLY, Bhagoletis cerasi L. . IN NORTHWEST
SWITZERLAND,

The procedures used for rearing, sterilizing, marking and release of Rhagoletis cerasi L. are reviewed,
A small-scale contzol programmie wag started in 1973 In two pilot orchards, to be expanded in 1974, in
arder to investigate the feasibility of eradicating R, cerasl by SIT, The results achieved so far and the
problems to be solved are discussed briefly,

1, INTRODUCTION

In 1969 suitable experimental orchards were selected in the cherry
producing centre of northwestern Switzerland and ecological and behavicural
studies were carried out in anticipation of & future release programme [1,2].
Density maps were established in three potential release areas in 1969,

1270 and 1971 and a joint Swiss-Austrian collection campaign was put in
operation in 1971 in order to provide the necessary fly material for field
releases. In 1872, a first release programme involving serhe 6§00 cherry
trees and 180 00¢ flies was carried out in order to study the teehniques
developed in the laboratory and the logistic problems connected with handling
larger numbers of flies. The experiment indicated that the initiation of an
actual control programme aiming at the eradication of the target species
was technically feasible. However, unexpected ecological factors (heavy
damage to the cherry crop due to late frosts and subsequent change of the
dispersive behaviour of the flies) pointed o the neceasity of carrying out
the pilot studies in several small orchards rather than in the 50-ha area
previously selected for the control programme [3].

Two emall orchards (15 and 30 trees respectively) were therefore chosen
for the control programme initiated in 1973 and a third orchard (50 trees)
was prepared for 1974 by suppressing the wild population by means of a
mass-application of visual traps (4, 5].

The cbjective of the investigations in progress is io prove the feasibility
of eradicating Rhagoletis cerasi on a small scale under the specific conditions
of Switzerland as a model for larger operations in the future.

2. PRODUCTION AND PREPARATION OF STERILE FLIES

2.1, Rearing

Although the current release programme is based on field -collected
material by adopting the approach suggested by the IAEA [1, 6], research

77
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TABLE I. COMPOSITION OF DIET G&6D4 IN PER CENT

Nutrients
Crude sugar 10.0
Brewer's yeast 10.0
Wheat germ T8
Water 55,9
Bulking agents
Paper pulp (dry) 8.0
Gelgard M 1.0

Other ingredients

Chalesteral 0,35
Choling chloride 0. 07
Wesson's salt mixtire 0,18
Ascorbic acid 0.8
Propionic acid 0.4
Citric acid 0.8
Total 100, 0 pH4.0-~ 4.1

efforts have been concentrated on the development of a4 suitable mass-
rearing system for the species under laboratory conditions.

The present rearing system (described in detail elsewhere: Katisoyannos
and Boller, in preparation) has, at present, an output of some 20 000 eggs
per day and reaches a recovery rate of about 20% (meximum 58%) from the
egg to the adult stage. Because of the pupal diapause only two generations
per year can be produced. This phenomenon has, on the other hand, the
advantage that pupae can be produced and stockpiled throughout the year
with relatively low invesiments with regard to rearing space and manpower.

The composition of the larval diet used at present at our laboratory is
given in Table I.

2.2. Sterilization, marking and transportation

Freshly emerged flies are transferred daily to holding containers
{30-litre cylinders, polyeithylene) at 24*C, 60 -70% RH and 15 Ix on a dry
diet consisting of 98.9% sugar and 0.1% Dysprosium chloride that is
prepared as a thick slurry, applied to filter paper strips and dried before
application, The low Jight intensity allows a normal feeding activity but
prevents mating. The carbohydrate diet slows down the development of
the ovaries and provides at the same time the marking substance for the
neutron activation analysis of recaptured flies that do not show a distinct
visual marker. At the age of 2 days the flies are transferred to a cold
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room (0°C) and chilled, and their numbers determined by weight, Baiches
of 2000 flies are processed in a simple device that distributes 5 samples of
400 flies into chilled glass bottles (20 ml volume) with a plastic snap-cover.
These boitleg are transported in a cooling box to the irradiation source
{type SULZER, pool-source with eight %¢6 bars) and irradiated with

10 £ 0.5 krad (dose-rate 300 krad/hour). After irradiation the flies are
transferred in the cooling box to a low-temperature room (15°C), marked
with a fluorescent aerosol spray (KRYLON; Remund and Zehnder, in
preparation) and poured back into the holding containers. They are now
given the standard dry sugar-protein diet (sugar: yeast hydrolysate 4:1) and
held under low light intensity until released in the field.

;
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FIG.2. Influence of age on mating activity expressed in terms of mating speed and perceatage of formed
pairs within a 180-min observation period, 100 flies of both sexes used for each experiment.

Flies that have reached an age of 4 - 7 days are transported twice a
week under exclusion of light in their holding containers to the release sites
where the containers are opened and exposed to sunlight. After 10 - 15 min
some 90% of the flies have left their containers and flown to the cherry trees.

2.3, Optimalizing the age of flies

Whereas a quality conirol programme measures the impact of rearing
procedures on the individual components of the quality [ 7], investigations
were carried out to find the optimal age of the released flies with regard
to dispersal, host finding and mating activities. TFlight mill studies revealed
that males and females reach their optimal flight capacity and flight
propensity after 6 - 8 days {Fig.1). Similar ocbservations were made with
respect to mating speed ag an index for the mating propensity of males and
females of a given age group {Fig.2). These two aspects indicated that the
immediate impact of the sterile flies on the wild population could be increased
by holding the flies back in the laboratory for at least 4 days, This seemed
to be feasible as no exira work was involved and the holding containers
required eonly minimal laboratory space.
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3. FIELD RELEASES

3.1. The releage sites

On the basis of experience gained in 1872 three new release sites were
selected in the same general area where we had worked for geveral years,
One orchard with 30 cherry trees was completely surrounded by dense
forest, the second orchard consisted of 15 cherry trees which were separated
from other orchards on two sides by dense forest and on the other sides
by open fields (the distance to the closest orchard was 200 m). This latter
situation was included in our experiments in order to investigate immigration
and emigration of flies to and from the experimental orchard. A third site
to be included in 1974 was also completely surrcunded by forest and confained
a mixed orchard of some 50 cherry and 50 appie and plum trees. None of
the three orchards had received insecticidal treatments for several years and
average infestation levels reported by the owners were medium to severe,
However, due to the peculiar situation in 1972 [ 3] the density of the
natural populations had dropped drastically because birds had removed
most of the few cherries that had survived the late frost spells.

3.2. Release schedule

On the basis of our forecasis of beginning of flight and of the peak of
the cherry harvest [8] as well as on emergence data and flight curves of the
target species, we released sterile flies in 3 - 4 day intervals and with
increasing rates starting one week before the first flies appeared in nature
and ending 10 days before harvest. During this period a total of 73 000 flies
wag released in both experimental orchards and monitored by seven visual
traps that were checked twice a week throughout the entire flight pericd.

3.3. Results

6.5% of the released flies were recaptured. More than 95% of these
flies exhibited distinct fleorescent markers and the remainder had to be
analysed by means of the neutron activation technigue. With the exception
of five doubtful cases where the autoradiographic method did not produce
reliable identification of marked flies, no wild flies could be discovered.
However, it was assumed that a very low wild population was present
because an average number of 0,16 flies per trap was obhserved in one check
orchard where an intepsive frapping programme had been carried out
{50 frees, 289 fraps).

No marked flies were observed to leave the experimental orchards and
to disperse over the open fields. The periodical incubation of eggs dissected
from cherries showed that all eggs were fully sterile and no infestation of
the crop could be detected at harvest time. In the check orchards the
average infestation was 2.0% (range 0 - 8%]).

4, CONCLUSIONS

The releases carried out in the past two years have shown that the
methods applied in the sterilization, marking and release of the cherry fruit
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fly have reached a satisfactory level and make it possible to initiate small-
scale control experiments, Despite the promiging results achieved in
1973 because of favourable conrditions (very low population densities of
the target species) it is necessary to continue the pilot studies under various
ecological conditions before the feasibility of an eradication can be determined.
In addition, research has to continue in two directions: Mass -rearing
(including quality control) and host-race situation of Rhagoletis cerasi.
Although considerable progress has been made in the development of a
suitable mass-rearing system, further improvements are nacessary in order
to maintain a high quality and genetic variability of the reared insects that
have to repiace the field-collected material used at present. Population-
genetic studies in progress {9, 10] have to give us a clear answer in the
near future as to whether the host-race of R. cerasi associated with honey -
suckle (Lonicera spp.) should be considered a potential source for re-
infestations or a distinct species that does not interbreed with the true
cherry fruit flies in nature.
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Abstract

SMALL~SCALE FIELD FXPERIMENTS ON STERILE-INSECT CONTROL OF THE ONION FLY, Hylemya antiqua
(MEIGEN),

During three consecutive years small-scale fleld trials were carried cut in order to check the feasibility
of the sterile-insect technique as a possible contrel method for the onjon fly, Hylemya antigua (Meigen).
Results, so far analysed, suggest a considerable reduction of the initial onfon fly population, the possibility
to attain a satisfactory level of sterile flies in the population, a normal percentage of mated sterfle fernales,

a normal susceptibility of the sterile flies to insect fungus infection and & decreasing number of infested onion
plants per hectara.

INTRODUCTION

Laboratory research on the possibility to use the sterile-insect technique
(5IT) to control the conion fly, Hylemya antiqua {Meigen}, led to a series of
four small-scale trials on onion fields of which three have been carried out.
As a result of preliminary work [1, 2], research topics included: properties
of the larval medium [3], pupation, production and storage of pupae, egg
production and rearing efficiency [4], irradiation, competitiveness of
sterilized flies and the use of radioisotopes [5], histopathological effects of
irradiation [ 6], spermatogenesis and cogenesis [ 7, 8], cytogeneties [9-11],
marking, dispersal, trapping methods and population dynamics [12], ard
computer simulation models [13-15].

Some resulis of the first two field trials were discussed earlier [16§]
and recently a general review on the genetic control of the onion fly was
published [17]. As to the present situation in sterile -insect projects,
Lindquist {18] published a review on the progress made during the past
few.years, The present paper describes some results of the first three
small -scale field experiments in the Netherlands.

METHODS

During the third of the current series of small-scale field trials, fourth-
generation offspring of field-collected onion fly pupae were used. The
methods used have been described before [16] and only minor changes have

*This project has been supported by Euratorn and the International Atomic Energy Agency (JAEA
Research Contract No, 676/RB).
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been made. The pupae were irradiated with 3 kR of gamma rays from
89Co source {1.323 MeV, T% =5,25 years; 120000 Ci; dose-rate
900 R/min).

In order to mark the sterile flies in the field with a colour, the
irradiated pupae were placed under a thin layer of a flucrescent powder,
Radglo, in the fellowing way. In a tray 25 cm X 25 em X 10 em, in the
bottom of which small holes have been drilled, & piece of filter paper is
covered with a thin layer of wet gsand. About 10900 irradiated pupae are
mixed with moist vermiculite apd poured on the wet sand, The pupae are
covered with a thick layer of dry sand to force the emerging pupae to use
their ptilinum well, in order to pick up the stain. The fluorescent powder
is applied in 2 thin layer on the gurface of the sand. This vulnerable layer
ig protected by a thin cover of vermiculite, which is sieved on the powder,
and the vermiculite is covered with a thin layer of dry sand.

FEach tray was covered by an inclined plate to keep the contents dry.

As a result ''all weather" functioning of the tray was secured while the
emerged flies could leave it freely.

Weekly, ten trays were used to release the sterilized pupae, For six
consecutive weeks a different colour was used before an already applied
colour was re-used.

The release schedule was simpler than that of the two preceding field
trials. The idea of following the emergence of the wild population and
covering it with a more or less consiant ratio of sterile flies was abandoned
in favour of the weekly release of a constant number of sterile flies, The
population development of the onion fly in the field seems to be too irregular
and unpredictable to base any release system on it. When a constant number
of sterile flies is released the development of the wild population is not
considered. During the first weeks releases took place by putting two trays
between platforms some 10 - 15 cm above the level of the soil of the cnion
field to protect the pupae from mice. However, when weather conditions
were hot, the temperature in the trays rose too much. Moreover, this
way of gradual release atiracted increasing numhers of birds, In spite of
the protection measures taken, bird predation was high on some groups.
Further releases took place by digging the trays in one or two groups in
the soil at the margin of the onion field or putting the trays between rows
of potato plants in an adjacent field. Only the latter method stopped bird
predaiion effectively.

In preceding years, during the first flight, the sterile flies were
released on the field where the wild flies counld be expected to emerge, i.e.
the onion field of {he year before. During the second flight, releases were
carried out on the new onion field. In 1973, all releases tock place on the
present onion field to determine whether such a simplified procedure could
be used or not. Every week about 100 000 pupae, yielding an average number
of 84 000 flies, were released.

Mating of the females was determined by checking the contents of the
spermatheca.

In 1273, infestation of plants on both the experimental field and a check
plot was checked weekly, Certain rows were selected to cover the
experimental and untreated area, representing 3.1% and 2.8% of the areas.
Infested plants were marked with a label near the plant and, before the
harvest, soil samples were taken where labels indicated infested planis to
estimate the over-wintering population of pupae. During the field experi-
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ments the sampled areas represented the following percentages of the
experimental fields: (1970) 0.5; (1971) 0.2; (1972)1,6; (1973) 3.1,

RESULTS

Some results of the first two field experiments have already been
discussed [16]. For comparison the years of these experiments are
included in the data presented here.

During 1970, 1971, 1972 and 1873 the output of the rearing was
increased considerably due to a steady improvement in rearing methods and
available facilities (Table I).

In 1973 the numbers of released pupae were increased significantly
compared with those of previous years. This resulted in a high level of
sterility during the experiment. The quality of the pupae and the prevailing
weather conditions permitted a high perceniage of sterile flies to emerge.
Asg a result of the increased numbers of released sterile flies (Table II)
the percentage of sterile flies in the population was higher in 1873 than in
previous years (Fig.1). In general, a high level of sterility in the population
was obtained.

The percentage of egg sterility in 1973 was difficult to determine owing
to the low number of eggs produced. The numbers of trapped fertile females
were low and many died without ovipositing in the laboratory cages. The
limited number of egg batches used to determine the figures caused
considerable variability. Moreover, a few fertile, already mated immigrating
females could have a disproportionally negative influence on the egg sterility
(Fig.2).

During the three experiments the percentage of mated females was
scored in order to compare the mating of the sterile females with that of
the fertile ones {F'ig.3). In 1973, the numbers of surviving fertile females
were often too low to draw any conclusions, As a resulf of fungus infestation
sometimes even sterile females did not survive in sufficient numbers.

In 1971, fungus epizootics were observed in the field {Fig.4, 1871).

The fungus was an Entomophthora sp. A marked discrepancy between the
percentages of sterile flies and sterile eggs (Figs ! and 2) suggested that
preferential infestation of sterile fliea could be a possible cause [16]. To
prevent such a presumed preferential infestation, release methods were

TABLE 1. AVERAGE WEEKLY PRODUCTION OF PUFPAE DURING
MASS -REARING PERIOD

1970 25 000
1871 50 000
1972 100 000
1973 200 000
1974 500 6003

2 mtimated,
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TABLE II. SUMMARY OF RESULTS

Estimated Average weekly release

of pupae in spring Pupae Files
1971 20 000 27 700 25 000 56.0 5,22
1972 17 400 50 500 32 400 67.8 0.60
1973 5 000 104 800P 84 700 81,1 0,12
1974 400

3 Flies emerged In the field from the sterilized pupae.
b Experimental area In 1473 was 1.5 ha.

[~

% sterile tiies

VAN

ﬂ\/\‘—\ /“"" o3

1 2 3451 23 412 34123435123
may june July avgust sept

FIG, 1. Fercentages of sterile flies in population.
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FIG,2. VPercentages of sterile eggs produced by trapped females. Figures based on.20 eggs or less have
been omitted,

changed accordingly, Therefore, the rate of insect fungus infestation in
the trapped, living females was recorded during the next years (Fig. 4).
In 1972 and 1973, the fungus infection in trapped females did not show any
preference for sterile or fertile females.

The number of infested onion plants/ha on the experimentzal fields
decreased, The average number of onicn plants per ha was about 108,
Damage due to onion fly infestation was estimated during three years of
field trials {Table II}.

In 1973, & check plot was available 800 m from the experimental plot
to check the effect of a population of fertile flies of the same order of
magnitude without releasing sterile flies. However, previous experiments
[12] have shown that the fly can cover distances up to 2000 m. Consequently,
the average percentage of sterile flies in the check plot was 59%.
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50

% mated QQ

30,
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123451234123413545125
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FIG,3, Percentages of mated females in population. Figutes based on less than 5 individeals have been
omijtted,

*—@ sterile $7  #---9 fertile Q9

DISCUSSION

Asg a result of the large nomhers of weekly released sterile flies
compared with the estimated wild population, we expected a very high
sterile/fertile ratio during these experiments. In fact, this ratio proved
to be lower than expected. The reasons are not clear. The flies seem to
disperse outside the onion field and the attraction of an onion field seems
to be limited in its ability to keep large numbers of the flieg in the immediate
surroundings. The apparent emigration of the sterile population is dis-
propertionally disadvantageous to the effect of the sterile flies when the
treated area is small. In large onion-growing areas the dispersal of
sterilized flies should increase the effect of the releases.
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A possible explanation for the low egg aterility in 1873 is the immigration
of already fertilized females from private gardens, When the low local
population of fertile females is effectively controlled by the released
steriles, a few immigrating fertilized females may have a considerable
effect on the egg sterility figures, It is possible that such a low population
density of wild flies was reached that a few immigrating females had a
consgiderable influence on the total egg sterility without being important in
absolute numbers. Consequenily, when there is immigration an increase
in the number of released sterile flies makes sense only up to a certain
level when a small area is to be treated.

The percentages of fertile and sterile mated females (Fig. 3) do not
seem to differ essentially. In general, the average sterile female trapped
in the onion field will be younger than the average immigrating fertile
female. This may be responsible for the percentage of mated sterile
females being somewhat lower than that of the fertile ones.
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Epizootics of insect fungus diseases doubtless play an important role
in the field populations of onion flies and other Diptera. During the field
trials severe outbreaks of Entomophthora epizootics were obgerved in the
treated area. Diseased flies show a tendency to crawl towards high points
in the vegetation, e.g. flowers and stalks of grass, in the lagt stage of
pathogenesis. Infested flies may come into the traps. Before the death of
the fly the fungus starts to break through the integument. At that time the
insect is still able to move but its reproductive organs, intestinal tract and
most of the fat and musculature have already completely disintegrated [19]
In insects, generaily cne of the first functions to be destrayed by an
infectious disease is reproduction. So it is possible that the fly population
containg many individuals that de not reproduce.
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Abstract

MASS REARING OF THE OLIVE FRUIT FLY, Dacus oleae (Gmelin}, AT "DEMOCRITOS",

Production of inote than 4. 5 million olive fruit {ly pupae within a 4~menth peried during the swamer
and autemn of 31973, at an approximate cost of US §1 per 1000 pupae, was made possible by introducing
certain improvements in the formerly used rearing system. Replacement of the aduit Liquid diet by a s0lid
one and less frequent changing of the water supply saved labour; better timing {n the egg coliection improved
hatchability, Incubation of the eggs in 0. 3% propionic acid followed by their surface sterflization drastically
cut down or eliminated previous speradically appearing microbial contaminations. Most important, a new
larval diet (T), which is much easler to prepare and handle, has doubled pupal yleld. A pew caging and
egging system under development provides a higher egg production and requires far less labour, Preliminary
promising results on new larval diets and modifications in the varicus steps of the rearing procedure wiil
hopefully contribute to achieving the much lower costs needed even in a moderate~scale mass~release
programnime.

INTRODUCTION

Mass rearing of an insect is an wnqualified term by itself, It could
imply & daily production of anything between a few thousand and several
million inseects. Each method for rearing insects has certain inherent
limitations with regard to its potential, depending mainly on available funda.
Hence, reference to a method should include the capability of raising a
certain number of insects under specified conditions. This paper describes
an improved method of rearing up to half a million pupae per week with
nine laboratory technicians and the space and equipment of the "Democritos"
entomology laboratory.

The known methods for rearing the olive fruit fly have been reviewed
by Orphanidis et al. {1970), who dealt solely with larval artificial diets,
and by Tzanakakis (1971}. Cavalloro and Girolami (1988) described a
method for rearing the fly in the laboratory. The method used at "Democritos”
until 1972 for mass rearing the olive fly has been described by Tzanakakis
(1967}, Economopoulos and Tzanakakis {(1967), and Tzanakakis et al. {1068,
1970). Since then various stages of the procedure have bheen improved.

Only these improvements are considered here. They are aimed at reducing
the cost of rearing, at saving space, and at ameliorating the quality of
the flies.

Als=o, reference is made to promising resulis from research underway,
It is expected that the adoption of such innovations will drastically reduce
the cost of rearing.

93
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PRESENT REARING SYSTEM

The present rearing system successfully met the requirements for
producing large numhers of insects for the experimental application of the
sterile-insect technique in an clive grove in the Chalkidiki penninsula in
northern Greece. Some 13185000 eggs were produced from which about
4 575 000 pupae were obtained from June 10th to October 3rd, 1973. The
average egg hatchability was 66.62% (based on almost daily checks of &
grand fotal of 10418 eggs) and the adult emergence from pupae wasg above
80%. The pupal yield of the larval diet (T) was 51.42% (kased on hatched
eggs) or 34.25% when based on eggs laid. During the 4-month period,
6356 trays of larval diet were prepared (approx. 1800 kg in weight).

Adult maintenance

The Hagen cage and oviposition substrates (Hagen et al., 1963) are still
in use. The No.2 liquid diet (Economepoulos and Tzanakakis, 1967),
offered three times weekly to the flies, hag been replaced by a solid diet
developed in the laboratory (Tsitsipis, Kontos and Cordon; unpublished
data) and is supplied only once at the initiation of each cage. The diet is
prepared by drying the liquid diet under vacuum at 40°C. Although females
feeding on liquid diet give about 20 - 30% more eggs than on solid diet (egg
preduction expressed per living female), the higher mortality of the females
on the liquid diet results in an egg production (when expressed per initial
female) that is the same or less than on the solid diet. Water, supplied in a
small plastic box with a wick passing through the cover, is changed every
10 - 15 days instead of 2 - 3 times weekly as was practiced before. When
starting new cages, volumetrically measured pupae, rather than adults, are
introduced into the cages as they are easier to handle.

To improve egg hatchability, fresher eggs are obtained by exchanging
the egg-laden paraffin domes for new ones shortly before the onset of
scotophase (Dr. H.T. Gordon's suggestion).

Handling of eggs and pupae

The squeeze-boitle water rinser for the collection of eggs from the
domes and the slightly negative pressure applied through a Buchner funnel
for filtering out the eggs have been replaced by a spray-gun ringer connected
with the water maing and a funnel with a siphon and a densely woven silk
fabric, respectively. The eggs are transferred with a brush onto filter
paper impregnated with 0.3% propionic acid (first used by Manoukas, 1972)
in Petri dishes for a 24 -h incubation period at 25°C. Figure 1 indicates
clzarly that such a concentration is not harmful. Problems of fungal
contamination of eggs that were occasionally encountered with sodium
benzoate were eliminated with the use of propionic acid,

After the 24-h incubalion period, the eggs are surface-sterilized with
2% Clorox® (5 -6% sodium hypochloride) for 10 min! (Fig. 2 shows the
hatchability of Clorox-ireated freshly laid eggs). The efficacy of sterilization
was tested by aseptically seeding surface-sterilized eggs on an agar culture

! Bgg hatch with Clorox treatment soon after deposition and 24 howrs later was simlar,
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medium containing enzymatic soy hydrolysate and dehydrated nutrient broth
(kindly provided by Dr. Haniotakis). Although there was some larval
development, there were no microbial colonies. After sterilization, the
eggs are rinsed in tap water for 10 min; they are then suspended in 0. 3%
propionic acid and sprinkled onto the diet instead of being transferred with
a brush as before. Surface sterilization has definitely decreasged diet
contamination with microorganisms.

The egge are counted volumetrically on the basis of about 45 000 eggs/ml,
an average figure reached after several sampling counts,

The larvae, upon completion of iheir development, either crawl out of
the diet and pupate in the sawdust in which they drop, or pupate on or inside
the diet itgelf (30 - 60% of them).

Upon termination of pupation, the diet is dumped into water, the
remaining pupae are skimmed and then mixed with sawdust to dry.  The
pupde are sieved to remove the sawdust and counted volumetrically {(about
900 pupae/10 ml}. They are then kept in open plastic boxes and again mixed
with sawdust which is removed 1 -2 days before emergence.

Larval rearing

In an attempt to improve larval diet N (Tzanakakis et al., 1970), several
modifications were made. Medium T (Table I) gave the most promising
resulis, hence, it was used to produce the large numbers of flies required
during the summer and autumn. Agar and roasted peanuts were eliminated
altogether and the cellulogse powder was increased by as much as 50%. The
average yield of pupae per gram of diet was 2.54 (average from a total of
4 575 thousand pupae) with a range of 1 to 3.96 (averages from batches of
at least 80 - 100 irays of diet), as compared with an average of 1 - 1.5 in
diet N. The pupal weight wase always between 5.5 - 6.5 mg, similar to
that for pupae on diet N.

The preparsation of diet T is much easier now that peanuts and agar are
not included. Bolling and peanut grinding are nc longer required and the
granular consistency of the diet (similar tc that used by the IAEA entomology
group) makes it easier to dispense onto trays than the pasty and fast-setting
diet N,

However, the granular diet requires an extra step in the just-described
rearing procedure: this is the recovery of a large part (30 - 60%) of the
pupae from within the diet. The quality of such pupae was found to be as
good as that of the pupae outside the diet.

Cost of rearing

Tzanakakis et al, (1968) estimated a cost of US § 13, 80 per 1000 olive
fruit fly pupae when the weekly fly production was 10000 - 15000, A current
estimate at a 20 fold production rate is given in Table II. Only expendable
materials and labour costs are considered. The cost estimation is based
on an average daily pupal production of 64 000 pupae (90 trays X 280 g/tray X
X 2.54 pupae/g), and6.25% of the cost is allocated to replacement of
terminating cages. A daily average production of 180 000 eggs cbtained from
300 cages is seeded on 90 trays of diet.
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TABLE I. COMPOSITION OF SOME LARVAL DIETS FOR THE OLIVE
FRUIT FLY DEVELOPED AT "DEMOCRITOS"
N T psP 1°
Tap water 58 ml 58 ml 55 ml 100 ml
Apar (fine powder, Merck) 0.5 g - - "
Cellulose powder (¥ 123,

Schlelcher & Schiit1) 20,0 g 80,0 g 15,0 ~27,0gd -
Brewer's yeast (FIX) T.6 g 7.6 g 1.5 g 12,0 g
Soy hydiolysaté enzymatic

(Nutritional Biochemicals Corp. } 3.0 g 3.0 g 3.0 g 4,0 g
Roasted peanuts 6.0 g - - -
Sucrose 2.0 g 2.0 g - 2.95g
Oliyve oil 2.0 ml 2.0 ml 2.0 ml 2.75 ml
Tween~80 0.75 mi 0.75 ml 6.7 ml 1.¢ ml
Potassium sarhate (Metck) 0,05 g 0.06g 0.05 g"" 0.05g
Nipagin

(methyl~-p~hydroxybenzcate, Merck) 0.2 g 0.2 g 0.2 g® 0,2 g
HC1, 2N 8.0 ml 3.0 ml 3.0 mi 4.0 ml

MANOUKAS, A, (12),

m L T

TABLE II.
FRUIT FLY PUPAE

MITTLER, T.E,, TSITSIPIS, J. A, (1973).
Solka~Floc BW~44, Brown Co., USA,
Propionic acld (0.3 mil) can replace potassium sorbate and nipagin,

TZANAKAKIS, M.E., ECONOMOPOULOS, A.P,, TSITSIPIS, LA, (1970).

CURRENT ESTIMATED COST OF REARING OLIVE

Laryal diet

Adult diet

larval diet preparation
Adult diet

Caging, egging

Other Iabour
Miscellaneous {approx. )

Total

Cost per 1000 pupae ($ 80/60 000 pupas)

Man=hours

4,99
0. 08
24. 50
8.50

38,05

Cost in US §

29,26
0. 08
3.34
0, 04

18,49

10

.09

m o g

80, 00

1,00
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An over 90% reduction in the cost of Fearing has been achieved with the
introduced improvements, although it is understandable that a very strict
comparison of this cost with that egtimated by Tzanakakis et al. (1968)
cannot be made mainly because of the different scales of operation,

TOWARD IMPROVING THE PRESENT SYSTEM

Caging and egging

As is marnifest from the production costs, most of the labour (almost
65%) is devoted to maintaining the adalt flies and collecting the eggs. Hence,
it was deemed imperative to develop a more efficient system. Preliminary
results with such a system showed that the rearing procedure could be
greatly simplified. Large cages (1 m long X 0.3 m high X 0.4 m wide)
are used to house the insects, and large semipermanent ceresin-coated
nylon gauze cones are uged as oviposition substrates. Four cones pass
vertically through the cage, and the eggs that are laid on their interior walls
are rinsed with water and conducted by means of a tubing system into a
common receptacle. Solid diet ig provided on cut-out trays on the Plexiglas
ceiling of the cages. About 25 cm above the cages, 40-Watt daylight
fluorescent light panels provide ample illumination for even distribution of
the flies in the cages (Dr. L.F. Steiner’'s suggestion).

To obtain eggs with high hatchability, the cones should be changed at
weekly or 10-day intervals (this is easily done), and egg collection should
take place twice daily. Only 2 - 3 man-hours are required to service
12 such cages giving an approximate egg production of over 150 000.

Figure 3 shows the total weekly egg production at different densities of flies
per cage compared with that obiained from Hagen cages (about 1/3 as big
as our new cages).

The higher egg yield and the minimal lahour required suggest the
adoption of this systein for mass-rearing purpoges, especially when anti-
cipated further improvements, and partially automated egg collection, are
introduced.

Larval diets

Table I shows the composition of two diets that appear promising for
mass rearing of the olive fruit fly, Diet PS (Manoukas, 1972) is very
similar to diet T. Its texture, depending on the amount of cellulose (Solka-
Floc), ranges between that of diets N and T for the lower and higher amounts
respectively. The pupal yield of the diet (Manoukas; unpublished results)
amounted to between 2.9 and 11.0 pupae/g of diet with average pupal weights
from 7.1 to 2.43 mg respectively, At 5 pupae/g, the mean pupal weight
was 5.45 mg, this being the lowest weight of mass-produced pupae from
diets N and T. If thig diet proves successful for rearing the insects for at
least 2 -3 generations without any vigour loss, its use for mass rearing
would further reduce the production cost because of the low cost of the
cellulose {55 cents per kg, or about 1/5 the cost of the other cellulose used).

Diet L {(Mitiler and Tsitsipis, 1973) does not contain any inert material.
The liquid diet is dispensed onto cotton towelling on which the eggs are
placed, On a Petri-dish scale, yields of up to 20 pupae/g of diet, with a
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FIG.3, Curmtlative weekly egg production of Dacug pleae maintained at different population demsities in
large (B, C, D, E) and Hagen {A) cages, Each point is the mean of three replicates except for curve E where

each polnt represents one reptcate, Egg production is based on Initial numbet of females accordingly:
A=90, B=180, C =370, D=T00 and E = 870,

5 mg mean pupal weight, were obtained. On a large-tray scale, microbial
contamination occurred. If this problem is solved, development of & cheap
iarval medium is anticipated.

Two recent tegsts with diet T supplied in rectangular plastic trays
(25 cra X 35 cm) in layers 2.2 cm thick (instead of the standard 30-cm-
diameter round ones in layers 1.0 cm thick) gave pupal yields of 5 and
7.5 pupae/g of diet with a respective average pupal weight of between 5.5
and 6.5 mg. Evidently, the dieis already in use are nol optimally utilized,
and research toward that goal is a requirement.

Having raised the efficacy of the diet manyfold, gubstitution of certain
dietary components for cheaper ones now becomes appropriate (e.g.
Schwechat brewer's yeast, kindly supplied by the IAEA entomology group
at Seibersdorf, was as good as the now available FIX brand, although the
former is about 8 timeg cheaper}.

Reduction of production costs

Several steps in the rearing procedure could be simplified to lower the
production costs: for example, egg incubation, egg dispensation on the diet
and collection of pupae. To reduce the costs further, larger larval diet
mixers and larger rectangular frays for the larval diet could be used.



100 ‘TSITSIFIS

Future progpects

Asg reported here, the production cost of 1000 pupae with the present
sysiem is about 1 US §. If the advocated improvements are incorporated in
this system, we will be able to reach the 1 million pupae per week level,
and the cost will hopefully drop sufficiently to compare favourably with the
production costs of other insects currently mass produced, e.g. Anopheles
albimanus (28 cents/1000 pupae) and screw-worm (12.5 cents/1000 pupae),
although we might not reach the medfly cost of 1 cent/1000 pupae in the
near future.
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Ahstract

COMPARATIVE BEHAVIOUR OF LAR.~-CULTURED AND WILD-TYPE Dacus oleae FLIES IN THE FIELD.

Under fleld conditions, the authors compared the responses of lab.-type {ca. 85 generations under artificial
conditions) and wild=type Dacus oteae flies to host plant colour and odour, host fruit colour and shape, small
rectangles of different colours and shades, and McPhail-type waps of differant colours baited with different
odouzrs, Except for the lab.-type flies being relatively more attracted toward red fruit models and small red
rectangles and relatively less attracted toward yellow fruit models and smail yellow rectangies than the wild
type, the qualitative nature of the responses of the two fly types toward the various experimental traatments
was essentially the same. Quantitatively, however, consistently smaller percentages of the released lab.~type
than the released wild~type flies were recaptured, suggesting that the mobility, fiight pattern, or vigour of
the two types of flies may be different.

INTRODUCTION

As pointed out go well by Boller [1], a key element in the success or
failure of the sterile-insect release methed appreach to population manage-
ment is the behaviour of the released flies. As part of the current research
programme at "Democritos" aimed at evaluating the potential utility of the
sterile-insect release method in an integrated approach t6 the suppression
of the olive fly, Dacus oleae (Ginelin}, we initiated a series of studies
comparing, under field conditions. various behavioural responses of (a)
olive flies cultured under artifical coanditions {yellow wax domes for ovi-
position, artificial media for the larvae} for ca. 85 consecutive generations
and released (= lab.-released flieg), (b) ©dlive flies ohtained from olives,
collected in nature and released (= wild-released flies), and in most cases
(c) olive flies of the natural field population (= wild population flies). None
of the flies in the studies summarized here was sterilized. The particular
behaviouralresponses we investigated included responses to host plant
(= olive) colour and odour, host fruii colour and shape, small rectangles
of different colours and shades, and McPhail-type traps of different colours
baited with different odours. This report is a brief summary of some of
our findings to date. For a detailed account see Refs [2-5].

* FAQ-sponsored visiting sclentist at "Demoerites”. Present address: The Farm, Rt. 1, Baileys Harber,
Wisconzin, USA,
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GENERAL METHODOLOGY

Our experiments were conducted in or adjacent to unsprayed olive
groves belonging to the College of Agriculture of Athens. They were located
near the village of Spata, about 10 km from ''Demacritos''.

From time of eclosion onward, the lab.- and wild-releaszed adults were
maintained under the same laboratory conditions (both sexes together in
cages provided with a continuous supply of protein, sugar and water but no
oviposition medium) and handled in the same manner (cooled for ea. 1 hour
at 1 - 2°C for introduction into release containers). The ptilina of the flies
were marked with Neon Red {(lab.-released flies} or Arc Yellow [wild-
releaged flies) Day-Glo® fluorescent powder. Marking was accomplished
by placing the puparia under a thin layer of a mixture of 15% fluorescent
powder and 85% tale sandwiched between two layers of sand. All captured
flies were squashed between two pieces of glass and examined under u.v.
light for the presence or absence of fluorescent dye. As testimony to the
effectiveness of this marking method, the dye was detected in the ptilina
of 99.7% of ca. 2000 lab.- and wild-released flies held in the laboratory or
in a large outdoor cage for up to 60 days. Boller and Remund, in co-operation
with '"Democritos' (unpublished data), have evidence from flight mill studies
that this particular marking technique {with 30% fluorescent powder in talc)
might have detrimental effects on the flight capabilities of olive flies so
marked. Whether this technique might also produce alteration of the basic
nature of some of the visual or olfactory processes of the flies is unknown,
but the fact that the nature of the responses of the wild-released flies con-
formed so closely to the nature of the responses of the wild-population
flies suggests that this was not an important factor in our studies.

No actual data are presented in this paper. Instead, we have assigned
the value of 100% to the experimental treatment capturing the most flies
{= first-place treatment) and present the number captured in each of the
other ireatments as a percentage of the number captured in the first-place
treatment. Where the nature of the responses of the different fly types is
described as being essentially the same, the percentages given represent
an average value for the combined types.

RESULTS AND DISCUSSION

Responses to colour and odour of host plant

For the sterile-insect release method to succeed, the released flies
must be able to locate the natural rendezvous site for mating. Except in
the cage of D. cucurbitae Coquillet, the site of aggembly for mating in the
tephritids thus far studied is primarily, if not exclusively, confined to the
host plant [6]. Althongh as yet we have not observed any actual matings of
D. oleae in nature, we do have indications that mature flies of both sexes
assemble in much larger numbers on fruiting olive trees than on non-fruiting
olive trees or trees of other species. We hypothesize, therefore, that the
principal mating site in D. oleae is probably fruiting olive trees. Accordingly
we assesgsed the flies' attraction toward olive tree colour (olive tree foliage
vs. fig tree foliage vs. painted surfaces vs. empty space) as well as toward
olive tree odour (olive tree fruit vs. olive tree foliage and twigs va. empty space).
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For testing responses io colour, we employed two-dimensional vertically
erected models of trees. To constiruct these models, we first built rectangular
wooden frames {200 cnwide X130 emhigh, with legs 130 cmlong), stretched
white nylon fishnet{10 mm X 10 mm mesh, each strand 0.3 mm thick) over
each frame, brushed the fish net with moulten Bird Tanglefoct® to capture
arriving flies, and positioned the frames in a row in an open ploughed field.
We then glued fresh-picked olive or fig leaves onto 200-cm-wide X 130-cm-
high rectangles of clear Plexiglas, or painted equivalent-size rectangles of
plywood various colours, and placed these rectangles just behind the fish
nets. We put containers of mature {14~19 days old} lab.~ and wild-released
{lies under a dense canopy of foliated olive branches, ca. 80 cm high, 3 m
from each frame. Within a few hours after each release the flies began to
leave the canopy of olive foliage, those flying toward the foliage-covered or
painted rectangles being intercepted and captured by the fish net. The
releases were made under a canopy of host plant foliage rather than into
empty space to ensure as much as possible that the flies which left the release
site were not in an 'esgcape mood''. The idea of using fish net to intercept
tephritid flies in flight was first proposed by Boller [7]. Indeed, to the
human eye the net proved nearly invisible and captured an average of 80%
of the flies which approached the rectangles.

We found that the nature of the responses of the lab.-released flies to
the various experimental treatments was essentially the same as that of
the wild-released flies. Both sexes of both types of flies were atiracted
in greatest numbers toward the bottom surface {100%) and top surface {83%)
of fig leaves and the top surface of olive leaves (95%), fewer toward the
bottom surface of olive leaves (60%) or a combination of the top and bottom
surface of olive leaves {59%), still fewer toward any of the painted surfaces
{yellow, black, red, blue, grey = 38 - 22%}, and very few toward aluminium
foil or empty space (6 - 7%). Additional experiments suggested that neither
the odour nor pattern {two-dimensional} of fig or olive leaves nor the odour
of the painted surfaces had an important influence on the responses of either
type of fly. Of the 3500 flies of each type released, 8.6% of the wild-iype
and 7.5% of the lab.-iype were recapiured on the nets.

Our conclusion is that mature flies of both the lab.- and witd-types are
adept at distinguishing real foliage, apparently by its colour, from painted
surfaces or empty space but that neither type is any more attracted toward
olive tree foliage than toward the foliage of a non-host tree, fig.

For testing response to odour, we paiterned our approach after that of
Prokopy et al. [8]. Thus, we placed the odour source in wire screen con-
tainers covered with nylon tulle and hung these containers in small fruitless
pear trees equipped with small sticky-coated rectangles to capture arriving
flies or attached the containers io the aforementioned frames of fish net
in an open field. Our release procedure was the same ag that for the
colour-regponsge study except that releases were made simulianeously
3 = 12 m up-wind and down-wind from the odour source.

Fiestas Ros de Ursinos et al. [ 9] have reported that olive flies are
positively attracted toward the odour of olives. Unfortunately, we were unable
to demonstrate such attraction in our studies. Indeed, the level of response
of both sexes of both the wild- and the lab.=-iype flies (mature, 10 days old)
to washed or unwashed olive fruits (freshly picked, mixed susceptible
varieties in prime stage for ovipoeition) was no different from that to washed
or unwashed olive leaves and twigs (picked from fruiting and non-fruiting
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trees), a mixture of clive fruits, leaves and twigs, or the controls (= empty
containers). Of the ca. 3000 flies of each type released, 4.7% of the wild-
type and 3.3% of the lab.-itype were recaptured. We cannoi account for this
lack of fly response to olive fruit odour in our studies. The weather con-
ditions appeared ideal for this type of study and there were no competing
fruiting olive trees within ca. 400 m of the pear irees or 150 m of the
frames. Also, in this as well as in all our other studies, the method of
release and the fact that the flies were provided with an abundant supply of
food right up until release time should have ensured to a considerable degree
that the [lies were not in an "escape or feeding mood" when released,
Perhaps the concentration of odour emanating from the ca. 15 kg of olive
fruit per treatment site was too weak to elicit a positive response. Obviocusly,
further work, possibly utilizing a different approach, ie necessary before

we can come to any conclusion about the comparative ability of lab.- and
wild-type olive flies to detect the odour of olive fruit.

Responees to colour and shape of host fruit

In addition fo being the gite of oviposition, the host fruit can, in some
species of tephritids, also be a specific rendezvous site for mating [10].
In an initial study we found that wild-population olive flies in olive trees
flew just as frequently onto wooden models of olives as onto real olives. This
finding indicated to us that once the flies have arrived on an olive tree, they
locate the fruit apparently solely on the basis of its physical characteristics.
We therefore assessed the responses of wild-population, wild-released, and
lab.-released flies to olive-size wooden models of different shapes and
colours. The models were coated with Bird Tanglefoot to capture arriving
flies and were hung by wire from the branches of large olive trees (for
testing responses of wild population flies) or from the branches of a small
olive tree surrounded by a 2.5-m-diameter X 2.5-m-tall cylindrical saran-
screen cage {for testing responses of wild-released and lab.-released flies).

We found that while the nature of the responses of all three types of
flies to the various shapes of models was essentially the same, the lah.-
released type respended to certain colours of models differently than the
wild-types. For the colour response test, all models were olive-shaped,
31 mm tall and 20 mm in diameter at the centre. Mature females of the
two wild-types were about equally atiracted to yellow {102%), black (100%)
and red {98%) models and less attracted to green {83%), orange (77%), blue
(49%), aluminium foil (27%) and white (21%) models. However, mature
femalez of the lab.-type were relatively more attracted to red (113%) than
to black {100%) models and distincily less attracted to yellow models (71%),
with attraction to the other colours being essentially the same as that of the
wild-types. Mature males of all three types of flies were most attracted to
yellow, green and orange models, less attracted to black and red, and least
attracted to blue, white and aluminium foil. Like the females, males of the
labh.-type were relatively more attracted to red and relatively less attracted
to yellow compared with wild-type males, With respect to different shapes
of models (all having a surface area of 19.8 cm® and painted black), mature
females of all three types were most attracted to olive-shaped and spherical
models (100 - 99%), less attracted to cubical models (42%), and least attracted
to cylindrical and rectangular models {21 - 20%). Mature males of all three
types also were more attracted to olive-shaped and spherical models than
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to the others, though to a lesser degree than were the females. Of the
ca. 1500 flies of each type released into the cage, 63.7% of the wild-type
and 53.1% of the lab.-type were recaptured.

Our conclusion is that females of all three types of flies are able to
detect olive fruit on the bagis of its shape and colour (or contrast against
the background). The males' responses were generally similar to those of
the females, but whether they represent a response to the fruit as a rendez-
vous gite for mating, a feeding site, or simply a response to the movements
of females capiured on the models is uncertain at this time. Both sexes of
lab.-released flies were comparaiively more attracted to red models and
less attracted io yellow models than the wild-types.

Respenses to small rectangles of different colours and shades

Flieg of a number of tephritid species are known to be more attracted
to small rectangles of yellow colour than te equivalent rectangles of any
other colour or shade [11 - 13). In some cases (e.g. Rhagoletis cerasi L.},
small sticky-coated yellow rectangles hung in host itrees have proven very
effective devices not only for monitoring fly population density and movements
but also in direct population suppression [14). Hence, we compared the
responses of wild-population, wild-released, and lab.-released olive flies
to. small (15 em X 20 cm}, Bird-Tanglefcot-coated rectangles of six different
enamel colours or shades. The rectangles were hung from the branches of
olive trees at mid-tree height, ca. 2 m apart and 50 - 100 cm from the
outermost foliage. The wild- and lab.-released flies (each type 3 - T days
old) were released simultaneously ca. 1 m above ground at the trunk of each
tree harbouring rectangles.

We found that the nature of the responses of the wild-released flies to
the various colours and shades tested was essentlally the same as that of
the wild population flies but different from that of the lab.-released flies.
Both types of wild flies were most attracted toward the yellow rectangles
{100%), considerably less aiiracted toward the orange and green rectangles
{58 - 50%), and not attracted toward the red, grey and clear Plexiglas
rectangles (4 - 5%). On the other hand, the lab.-released flies were nearly
as attracted toward the orange and green rectangles (83 - 74%) as toward
the yellow {100%) and were relatively more attracted toward the red (31%),
grey (12%) and clear Plexiglas (8%) rectangles than were either of the wild
types. These colour response differences between the wild and lab.-type
flieg were irue for both sexes. Of the 1800 flies of each iype released in
this experiment, 17.6% of the wild-type and 12.1% of the lab.-type were
recaptured. It is interesting to note that Ceratiiis capitata (Wiedemann)
flieg, which were algo captured on the rectangles, preferred yellow {100%)
10 orange and green (26 - 27%) by a considerably greater margin than any
of the three {ypes of olive flies. Medflies were not attracted to the red, grey
or clear Plexiglas rectangles {2 - 4%).

Our conclusion is that in comparison with rectangles of green and orange
hues, yellow rectangles are more attractive to C. capitata flies {as they are
to R. pomonella and R. cerasi flies) than to olive flies. Lab.-iype olive flies
proved inferior to the wild-types in hue discrimination ability. Indeed, if
grey or clear Plexiglas could be considered as neutral surfaces and used
as standards of comparison, then it ig seen that the lab.-type were relatively
more attracted to red and relatively lesg attracted to yellow than the wild
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types. Owing to the apparent lesser capability of hue discrimination in
olive flies (even wild-type) compared with some other tephritid species, we
portulate that odour-baited traps hold relatively more promise than colour-
type traps as effective devices for detecting the presence of olive flies

in an orchard.

Responses to McPhail-iype traps of different colours baited with
different odours

Clear McFPhail-type traps baited with different odours have been used
extensively to monitor olive fly populations in Greece. Coloured odour-
baited McPhail-type traps have also been evaluated for this purpose [15].
Hence, we compared the responses of wild-population, wild-released, and
lab.-released elive flies to McPhail-type traps of two different colours {clear
vs. traps painted daylight fluorescent yellow, the most attractive colour we
found for olive flies) baited with three different odours (water vs. aqueous
solution of 2% ammonium sulphate, the standard lure employed for detecting
olive flie= in Greek olive groves ve. aqueous solution of 2% Rodia-1.5%
borax, the most atiractive odour lure for olive flies found in studies at
"Democritos"), with or without & coating of Bird Tanglefoot (BT} applied to
the entire exterior of the trap. The traps were hung at mid-iree height in
the southwest parts of olive trees. one trap per tree in a ring of irees
9 - 11 m from a central olive tree {without any traps), from which the wild-
and lab.-released flies (each type mature, § - 15 days old) were releaged
simultanecusly.

We found that the nature of the responses of both sexes of al] three types
of fiy to the various treatments was essentially the same. All three types
were captured in greatest numbers by clear (100%) or yellow {96%) traps
baited with Rodia-borax and coated with BT. Fewer were captured by yellow,
ammonium~gulphate -baited traps with BT (62%) or clear, Rodia-borax-
baited traps without BT {55%). Still fewer were captured by vellow, water-baited
traps with BT (45%) or clear, ammonium-sulphate-baited traps with BT (32%).
The fewest were captured by clear, ammonium-sulphate-baited traps without
BT (10%) and clear, water-baited traps with BT (1%). Almost all olive flies
captured by the traps coated with BT were entangled in the BT, nearly none
being found in the interior solution, indiecating that olive flies first land on
the exterior surface of a McPhail-type trap before entering the interior.
Algo, the fact that clear traps with BT baited with Rodia-horax or ammonium
sulphate captured more flieg than equivalent traps without BT indicates
that many flies which land on the McPhail-type traps do not enter the interior.
Of the 2100 flies of each type released in this experiment, 34.6% of the wild-
type and 20.1% of the lab.-type were recaptured.

Our conclusion is that a clear McPhail-type trap baited with Rodia-borax
and coated with Bird Tanglefoot ig an effective device for monitioring popu-
lations of all three types of olive fly studied. The addition of daylight
fluorescent yellow, the most attractive colour yet found for olive flies, does
not enhance the effectiveness of such a trap. But an odourless (i.e. water-
baited) daylight fluorescent yellow trap coated with Bird Tanglefoot is a
more effective trap than the standard clear ammonium-sulphate-haited trap,
with or without a coating of Bird Tanglefoot.
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GENERAL CONCLUSIONS

For most of the behavioural reactions assayed, the gualitative nature
of the responses of the lab.-cultured olive flies was essentially the same as
that of the wild=-types. In certain colour response assays, however, the
lab.-type reacted differently from the wild-fypes. Specifically, the lab.-
type was relatively more atiracted toward red fruit models and small red
rectangles and relatively less attracted toward yellow fruit models and small
yellow rectangles than the wild types. We have since detected an eye colour
difference between the wild- and lab.-types and have reason to suspect a
deficiency or imbalance of nuirients or conditions in the artificial larwval
diet as heing the cause of the difference in eye colour and hue discrimi-
nation ability.

On & quantitative basis, the per cent recapiure of lab.-cultured released
flies was in every insiance smaller than the per cent recapture of wild-type
released flies, supporting the earlier indication from flight mill studies
(Boller and Remund in co-operation with "Democritog”, unpublished data)
that the mobility flight pattern, or vigour of the two types of flies may
be different.
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SUPPRESSION OF THE MEDITERRANEAN FRUIT FLY OR
MEDFLY, Ceratitis capitata ( WIEDEMANN), IN A SEMI-ISOLATED AREA
IN CYPRUS BY THE USE OF THE STERILE-INSECT TECHNIQUE

C. Serghiou, J. W. Balock

Agricuitural Research Institute,

Ministry of Agricultural and Natural Resources,
Nicosia, Cyprus

INTRODUCTION

The Mediterranean fruit fly, Ceratitis capitata {(Wiedemann), is a
serious pest of citrus, peaches, apricots, figs and other hosts in Cyprus.
The losses due to medfly attack and the cost of control are currently
estimated at US § 750 000 annually, Because of this and the geographic
igolation of Cyprus, eradication of the medfly from the island is considered.

In 1972, the following preliminary operations were carried out:

{a) an island-wide trapping survey, and (b) test releases of some 28 million
sterile medflies from August to October, From these activities, data on
wild population size and dynamics, release logistics and sterile fly dispersal
were obtained. This information was used in the 1973 field experiment
described here.

MATERIALS AND METHODS

Medflies were reared in the insectary at 23 + 2°C and under a 14-h
photoperiod. They were kept in the usual organdy cylindrical cages loaded
with 50000 - 60 000 pupae/cage, Theadultdiet was a 3:1 enzymatic yeast
hydrolysate: sugar mixture with water separate. Eggs laid through the
organdy dropped into pans of water placed beneath the cages, The cages
were kept for 15 - 17 days and produced about 6 x 10% eggs/cage,

The pupae were produced in four rooms containing each four racks of
50 larval rearing trays/rack. Each fray was loaded with 1, 5 kg of medium
consisting of bran, sugar, brewer’s yeasi, nipagin, sodium benzoate and
HC1 g.s. at pH4. After 9-10days, each trayyielded 17000 - 20 000 pupae,

The pupae were irradiated 24 - 48 h before emergence with 9 krad
gamma rays. They were marked by mixing with a fluorescent powder
(Tinopal SFG) at the rate of 1.5 gflitre pupae [1], Before this, Day-Glo
fire orange and Day-Glo rocket red, tested according to Holbrook et al, [2],
were digcarded because they interfered with mating.

Within the Karpass peninsula (the NE land projection of Cyprus), the
villages of Rhizokarpasso and Yialoussa were selected for the experiment.
Rhizokarpasso has an area of ca. 6 km? in which a variety of medfly hosts
are grown mainly ir home gardens; small commercial citrus groves {jaffa
oranges) are also present, Yialoussa, a village of similar size and host
distribution was used as conirol site. The two villages are separated by
18 km of forest, in which very few medfly hosts are grown.

Irradiated pupae were transported by car from Nicosia to Rhizokarpasso
{85 miles; 2 hftrip) 3 - 4 times a week. To avoid overheating in transit, the
pupae were packaged in 2-mil plastic bags at the rate of 2 litre of pupae/bag,

111
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FlG.1. Male medfly catches in Nadel wape baited with Trimedlure in 1972,

The bags, closed with a rubber band, were packed in an insulated plastic
picknick container together with a few freeze packs [3]. Upon arrival at
Rhizokarpasso, the pupae were transferred to paper bags (50 - 300 ml/bag)
with a small amount of excelsior and kept 48 h in an air-conditioned room
at 23 - 27°C for emergence.

Sterile fly releases (in the late afternoon or early morning, depending
on the temperature) were started in early March to coincide with low wild
fly population. From early March to 10 October 1973, a totzl of 73 million
flies (based on pupal emergence) were released, This was done by
suspending on the trees the bags of emerged flies and then splitting them
open, To ensure uniform distribution and minimize mating between sterile
flies, the number of release points was increased from 24 to 50 and finally
to a few hundred, 50 - 100 m apart,

Sixty Nadel traps baited with 2 ml Trimediure + 3% dibrom were
distributed equally hetween Rhizokarpasso and Yialoussa fo monitor the wild
fly population and the ratio of sterile to wild flies. Every week, the catches
were examined under u.v, light and, in doubtful cases, by Steiner's
technique [4]. S5ix additional traps were established concentrically some
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FIG.2. Male medfly catches in Nadel maps baited with Trimedlure in 1373,

2 km beyond the periphery of Rhizokarpasso, Medfly survival at Rhizokar-
passo and at Deftera, a village near Nicosia, was recorded during the
release programme, ¥Fruit collected in Rhizokarpasso and Yialoussa as it
became available was counted, weighed and held in cabinets to determine

the number of larvae developing,

RESULTS AND CONCLUSIONS

Figures 1 and 2 showing the wild fly catches in Rhizokarpasso and
Yialoussa for 1972 and 1973, respectively, illustrate med{ly suppressicn
in Rhizokarpasso as a result of the 1873 releases, The Rhizokarpasso
peripheral traps captured 45 marked and 17 wild flies during 1973.

At Deftera, mazximum survival was 57 days; however, as evidenced
by trap catches, the half-life of the released flies was no more than 1 week,
Similar data were obtained at Bhizokarpasso. In 1972 and 1973, 1 week after
suspension of releases, {rap catches dropped to about one half and 2 weeks
later to about one gquarter. From the third week onwards, the drop was
much more pronounced, These data suggest that the absence of a susceptible
host for 2 - 3 months would be sufficient to break the medfly cycle.

Data on larval infestation in sour and jaffa oranges, apricots and figs
are presented in Table I, The most dramatic differences in infestations
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TABLE I. COMPARATIVE DATA FOR INFESTATION OF SOUR ORANGES
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JAFFA ORANGES, APRICOTS AND FIGS AT RHIZOKARPASSO AND
YIALOQUSSA, 1973

Rhizokarpagso Yinlousa
pae | No-of wt Mo, of P::“'“““"“PH Nooof | W No of p:'fmpﬂ
fruir (kg larvae fouit kg frut (k) larvae it g
Solr xanges
2 Mar, - - - - - ] 4.670 200 4,60 62,10
B 110 17.800 24 0,22 1,35 155 17.61¢ 158 1.00 %63
31 160 7. 800 1 0.01 ¢.13 100 T.5040 ) 0.497 13.22
T Apr, 100 10,100 i 0.1 1.9 104 14, 500 528 5,28 50,29
21 160 10,200 53 0.5 52 100 11,200 1224 12,24 109,29
£ May 200 38.600 8 0,03 t.3 100 9,400 1021 10,21 108,61
n 200 22,500 E] 0,02 0,1 13 5,800 157 2.38 27.01
18 B3 9.200 al 0.6 3.4 B8 G, 300 118 a.05 lgs.88
28 B2 11,200 28 0.3 2.2 i1 7,400 121 1.8 17,70
2 Jun. Bd 11, 740 57 0.7 4.9 43 4,200 10§ 2.47 25,24
18 27 2,200 1 0.04 ] . - - - -
14 Jul. 51 8. 600 I2 0.8 .1 - - - - -
20 14 1.305 13 1.8 13.8 - - - - -
123 192,245 262 .23 1.8 333 T9. 020 gz 4,59 48.38
Jaffa oranges
2 Mar, - - - - - 4 0,445 1 0,25 2.28
B e 2475 [ [ 1] 99 13,630 1 L) 0, 0%
31 100 11,185 L} ) 0 100 12, 500 ] I} |1}
T Apr, 100 13,400 [+ L] 1] 100 11, 050 an 0,38 3.17
21 100 13, 000 [ [ 0 100 12, 000 b2 0.7 8,17
a1z 47,240 [ o ] 408 49,625 111 0,28 2.24
Apticots
2 Juo. 304 5,720 4 ¢.m L - - - - -
B B8 6. 850 B3 0,34 12,39 408 7.012 501 1.24 62.8
1a 348 4,200 ] ¢.11 9,29 age 39,500 560 1.48 101.8
18 130 12, 900 4z 0,04 3.26 . - - - .
26 189 1,063 ] 0,04 5. 70 - - . - -
14 Jul. 21p 2,750 23 o 8.36 - - - - -
2809 31,483 19% o 4,32 795 13,472 1061 1,33 78.8
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TABLE 1. (Cont.)

Rhizokatpaseo Yialouses
Date o, of Wt No. of p:‘fmm;! No. of we bo. of P:'"fm“m pes
fruiz [£.74] larvae fruit e frodt {kg) larvae fruir kg
Figs
18 Jui. ioo 3,200 i5 0,15 4.69 100 2,150 1% 1,90 8.4
4 Aug, 200 6. D00 4 0,02 0,58 200 6.000 482 2,41 44,3
11 340 12,350 40 0.12 3.24 296 7,850 122 G4l 15.8
18 324 8,500 2 0,01 0,21 315 7.160 20 0,05 2.8
25 1] 9,910 8 0,08 0.81 302 5.520 '3 o
1 5ep. 300 5.9056 2 a.0L 0.4 280 6,430 24 008 8.7
] 281 5,610 4 0,01 071 300 5.575 a2 011 &1
15 kL 5. 20 7 o.02 1.40 a0 8,180 ) L0 49.8
22 00 4,310 K 0.02 1,62 300 6.105 1001 3,33 164
2¢ 34 4. 800 ] ] 0.0 a1 5,570 1010 3.%8 181
8§ Oct, 300 4,625 1 0,04 2,89 aa0 4, 520 lalp 5,40 228
ia 342 5,660 8 0,02 1,41 300 6.285 864 2.85 136
20 200 6,100 S 0,01 0.49 300 6.250 1227 4,29 208
aTig 82,850 112 0.42 1.33 5606 75,785 B0 1.9 a7

between the two villages were obtained in figs in the fall and matched the
differences obtained in comparative data for wild fly traps during the same
period,

During the releases, Infertile or empty stings by irradiaied females
were observed in stone fruits during summer and in jaffa oranges in early
October, when these fruits begin to change colour. These stings should be
taken into account but should not deter from implementing programmes of
sterile medfly releases because of the large immediate and long-range
benefits of such programmes.
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STATUS AND PROSPECTS OF MEDITERRANEAN FRUIT FLY CONTROL
BY THE STERILE-INSECT TECHNIQUE IN PERU

I. E. Simén F

Direccidn General de Investigaciones Agropecuarias,
Ministerio de Agricultura,

Lima, Peru

In Peru, mass reared and sterilized medflies were released during
1972 and 1973 as part of an integrated control programme. The release
site was the Moquegua valley which contains various fruit-bearing hosts.

It starts at 2 800 m in the Andes and extends io the west down to the sea
for about 80 km. The valley is isolated north and south by barren hills and
a 40 - 50 ki desert. From sea level to the east, the éxperimental area
was divided according totreatmentsinto three successive zones: (1) a
40-km-long centrol zone where trapping only was carried out, {2) a 20- to
25-km=-long release zone with sorme insecticide spraying and (3} the insec-
ticide zone.

Flies were produced and steérilized with 9 krad gamma rays at La Molina,
1 200 km north of Moguegua, in provisicnal facilities, allowing for a maxi-
mum production of 40 million flies/week. However, a unique ""med{ly factory"
is being completed. Iis facilities provide: (1) a 15 hp steam boiler for dis-
infecting equipment and supplies, (2) a laundry, {3) a monorail system for
transporting cages etc., and (4} a close-circuit television system to enable
the superintendent to control 8¢ workers. Warehouse space in the basement
will stock 6 months' supplies. The factory includes a 1 600 m® air-conditioned
aduli room; a 1 300 m? larval jumping room; a 300 m® pupation room; two
pupae holding rooms of 200 m® each; space for guality control, offices and
a cafeteria. The production will reach 250 million flies/week.

Within the three zones, 275 Steiner traps baited with Trimedlure were
set up. Between October 1972 and September 1973, the wild population reached
its peak in the contirol zone in December, whereas in the other iwo zones
it went through a maximum in May. In addition to trapping, infestation was
followed by fruit sampling in the three zones.

Until July, the cumulative number of chemical treatments per tree was
greater in the release zone (8.45) than in the insecticide zone (6.30); however,
by September, the total for the release zone (8.74) was less than for the
insecticide zone {7.46). In the release zone, some 530.5 million sterile flies
were released with a monthly average of 44,2 (range: 10.0 - 69.8).

The resulis were not clear-cut, e.g. infestation of guavas (& favourite
host of the medfly) harvested in April to September was 18% in the control
zone and 19 ~ 74% in the release zone, but mandarines harvested from May
to August were 20% infested in the control zone and infesiation-free in the
release zone where the population peak is in May. The period of this report
was fraught with technical difficulties. These are being solved and the irials
will be repeated with the larger medfly facility in operation.
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STATUS AND PROSPECTS OF MEDITERRANEAN
FRUIT FLY CONTROL INVESTIGATIONS BY THE
STERILE-INSECT TECHNIQUE IN ARGENTINIA

A. Turica

Instituto Nacional de Tecnologia Agropecuaria,
CICA,

Castelar, Buenos Aires,

Argentina

The annual fruit production of Argentina is some 4.2 million tons of
which 2.5 are grapes, 0.2 stone. fruits and 1.5 citrus fruits. Of this total
annual production, 10 - 20% are damaged by the medfly and only 2% by the
South American fruit fly (Anastrepha fraterculus). An ecological study carried
out in northern Argentina showed that A. fraferculus is active during the
rainy season (November-March} whereas the medfly is active during 9 months
(October-June). Hence, the much greater importance of the medfly as a
clirus pest.

Between 1966 and 1973, three field experiments were carried out to test
the feasibility of the sterile-insect technique for medfly control.

The first two experiments took place in the Concordia province (just
north of Buenos Aires). In 1967, a 30-ha citrus area with a history of 40%
infestation in grapefruits wasthe release site. A screen of Trimedlure
traps at a density of 7/ha was installed to decrease the initial wild male
population. Subsequently, 1.275 million medflies sterilized with 10 krad
were released during February to May. From March to July, the irapped
population dwindled to zero. During the following 3 years no further medflies
were trapped in the area, nor was there any fruit infestation.

The second experiment {ook place between 1968 and 196% in a 2700-ha
semi-igclated commercial citrus area also containing some peaches and
figs. Bait sprays preceded the releases of sterile medflies during the
summer of 1968. A total of 5 million such flies were released on a weekly
schedule. The number of trapped medflies decreased and by April 1969
only 25 were caught in the release area. As opposed to this, in the chemi-
cally treated control area, the catch was then 110 - 118 flies. Grapefruit
infestation in the release area was 0.4% compared with 15% in the controlarea.

The third experiment was initiated during 1973 in a 60-ha isolated
citrus area in the north-western part of the country {between Chile and
Bolivia}. The effect of trap densiiy on male catch was studied: in 3 months,
2.0 Trimedlure traps/ha caught 202 medflies whereas with 0.15 traps/ha
the catch for the same period was nil. The medfly population was thus first
reduced by bait sprays and Trimedlure traps at a density of 2.¢/ha. The
results of subsequent releases of sterile medflies will be evaluated by
fruit sampling, trap catches of live fermales and tests of their fertility in
the laboratory.

In addition, two small field tests were made in the Buenos Aires
province in a 2-ha orchard of mixed species. The flies released were
jrradiated in the late pupal stage with, respectively, 7 krad and 9 krad
gamma rays. They were given a protein hydrolysate diet to increase their
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survival. On an average, 3.5 million irradiated flies were released during
4 manths and the area received no other treatment. At harvest, the mean
infestation of citrus fruit in the release area was 1% compared with 18%
in the untreated control area. There was some sting damage to grapefruit
in the release area.

STUDIES ON THE CONTROL OF THE MEDITERRANEAN FRUIT FLY,
Ceratitis capitata { WIEDEMANN), USING GAMMA RADIATION

A.M. Wakid
Atomic Energy Establishment,
Cairo

A, Shoukry
National Research Centre,
Dokki, Cairo, Egypt

The research described had two objectives: (a) toimprove the larval diet
used hitherto in Egypt for rearing the medfly and (b) to test the competitive-
ness of irradiated males released in field cages together with similarly
treated females and normal individuals of both sexes,

In improving the larval rearing medium, the alm was to decrease the
cost of laboratory~scale production, This was done by replacing dehydrated
carrot powder by wheat bran. The composition of the larval diet used
was (in g or ml, respectively): wheat bran 1 000; brewer's yeast 250;
sucrose 250; HC1 (2N} 15; sodium benzoate 15; water 2000, The cost of
1000 pupae produced on this medium is 0. 02 E£ compared with 0, 84 E£ with
the carrot medium; alse, the mean pupal weight increased from 8,0 mg to
9.8 mg., Adults produced were kept in the usual cylindrical hanging cages
made of synthetic cloth with plastic dighes at either end. Flies were fed a
mixture of yeasthydrolysate: sugar (1:3 parts) put in a Petri dish on the
bottom of the cage. Drinking water was offered in a glass jar hanging from
the roof of the cage, Eggs laid through the cloth fell into water within a
tray of wider diameter than the cage and put below it. Six field cages were
used in the competitiveness tests, They comprised two groups of three
adjoining cages separated by a service corridor; the outward facing aspects
were of wire screen, the other partitions glass. Each cage measured
3mx3mx 2.5m. A Caguarina equisetifolia tree within the cages was used
for hanging three oviposition devices. These were plastic mandarines half
filled with water with the upper half finely perforated. Food and water for
the adults were provided.

The test flies had all been reared on the medium described, Pupae
and adults were kept at 25 £ 2°C; the pupae were irradiated 1 day before
emergence in a gammacell delivering 45 rad/s. Inthe tests, known volumes
of pupae were used from which samples were taken to determine %
emergence. In this manner, the number of flies released and the ratios of
irradiated-to-normal flies could be estimated., A control cage of 30 ml
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TABLE I. EGG HATCH OBTAINED WHEN MALE AND FEMALE
Ceratitis capitata IRRADIATED (I} ONE DAY BEFORE EMERGENCE
WERE COMBINED WITH UNTREATED (N) MALES AND FEMALES IN
VARIOUS RATIOS, TOGETHER WITH THE EXPECTED EGG HATCH AND
MALE COMPETITIVENESS VALUES

Avg. weekly
Dote Test ratio of:: Avg, B Avg. % avg compit :ii":m
(eady ) . 12. NC: ND :;:::ih %P?;:ci mmp::ﬁ:mm
1at 2nd 3rd
week week week
o 0 i :1:1 9.3 - “ - - -
i 0 :0:1 5.4 - - - - -
2.1: 2.1:1;:1 80.2 34,08 0,089 6.20 0.07 0
12,9:12,9: 1:1 50.3 11.179 6,078 0,15 0.07 0
T ¢ ¢ :1:1 92.9 - - - - -
1 0 :0:1 2.3 - - - - -
1.8 LEg:1:1 a2.1 34.66 0.075 0.18 0.04 0
13.5; 13.5: 1: 1 50,1 8.585 0.067 0,12 0,08 0
9 0 i1 80,2 - - - - -
1 0 :0:1 1.3 - - - - -
Lg: 1lL3:;1:1 80.6 31,82 0,063 0.15 0.05 1]
13.6 ; 12.6 : 1: 1 53,2 T.65 ¢, g2 0.14 0.07 0

normal pupae served for testing the fertility of untreated males. The
sterility of the ireated males was assessed in the laboratory by confining
25 irradiated males with 25 normal females and testing egg hatch during
3 weeks.

About 1 500 adults/cage were used and egg samples were taken for
incubation 5 times/week until the females died or stopped ovipositing,
Competitiveness of the males released was assessed by using Fried's
parameterl, Results are shown in Table I,

Doses of 5 -2 krad led to almost similar reduction in egg hatch but
competitiveness decreased with increasing dose, At all doses tested, the
competitiveness of the males was less at 13: 13:1:1 ratiothenat2:2:1:1
ratio. However, there was no clear indication of whether male competitive-
ness at a particular dose was affected by the ratio of irradiaied males to
untreated males and females.

At both ratios, 5-krad-itreated males gave the best competitiveness
values, The values were higher than those obtained with males treated with
7 or 8 krad. The $-krad-ireated males gave the poorest control, This may
be atiributed to the adverse effect of that dose on male competitiveness,

! FRIED, M., Determination of sterile jnsect competitiveness, J, Econ, Entomol., 84 (1971 869,
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Generzlly, the competitiveness of males decreased in successive weeks,
but the rate of decline was greater at the 2:2:1:1 ratio than at the
13:13:1:1 ratio. In the third week, egg hatch was as high as the controls
{normal males with normal females), This may be attributed to the short
life of the ireated males,

RAISING AND MULTIPLYING OF THE
EUROPEAN CHERRY FRUIT FLY, Rhagoletis cerasi L.

A, Haisch
Bavarian State Institute for Soil and Plant Cultivation,
Munich, Federal Republic of Germany

Availability of large numbers of cherry fruit flies iz a prerequisite
for controlling this pest by the sterile-insect technique, Therefore,
considerable efforts were spent in developing and improving an artifieial
larval diet giving high yields of pupae in the shortest possible time,

Another problem was to determine the conditions for shortening the post-
diapause development of the pupae. The following is a summary of the work
carried out to fulfill these objectives.

The artificial larval diet developed contained (in g or ml, respectively):
Torula yeast 5. 6; wheat germ 4, 0; sucrose 4. 0; Vanderzant's vitamin
mixture 1.0; agar-agar 4.2; propionic acid 0, 4; HC1(4N) 0, 4; water 80. 4.
The final pH of thigz medium was 4.0. This larval diet, dispensed in Petri
dishes, was used as a standard for the puirition experiments, First-instar
larvae, gathered 3 times a day from eggs collected daily and incubated,
were seeded individually on this diet, Under these conditions, pupation
occurred within 9 - 14 days, pupal yield was 46% with a mean pupal weight
of 3.9 mg and the medium remained free from overt microbial contamination.
However, when eggs were collected at longer intervals and firat instars
transferred in groups of 20 - 50, larval development took 3 - 4 weeks, pupal
yield dropped to 10%, pupal weight to less than 3 mg and 50% of the pupae
died after 3 - 5 weeks. These effects are ascribed to bacterial contamination
favoured by less frequent collectiong of eggs and neonates,

Torula- and brewer's yeast were compared as larval nutrients, There
was a highly significant difference in pupal mortality: 50% with torula yeast
and 15 - 34% with brewer's yeast. Torula imparted a "greasy'’ consistency
to the medium,

When the amount of wheat germ in the diet was varied (0 - 3. 6% by weight),
the optimum concentration for pupal weight and yield was 3%. To determine
the nutritive role of wheat germ, this ingredient was successively extracted
with six solvents of increasing polarity, The successive extracts, the
residues and their corresponding combinations were added to the standard
diet in replacement of 4% (by weight) wheat germ, No pupation was obtained
with any of the extracts; however, all the residues and successive combina-
tions of residue and extraect resulted in pupal production. Ounly with the last
two solvents in the series (methanol and methanol and water), which extract
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protein, was there a significant drop in percentage pupal yield. The evidence
suggests that wheat germ has more of a textural then & putritive function and
thus siresses the importance of the physical condition of the diet.

The effects of storing pupae for different periods of time and at different
temperatures on the duration of pupal diapause were studied. Batches of
pupae from the Federal Republic of Germany and Hungary were kept each at
0°, 2° 4°and 6°C for 120, 140 and 180 days. The parameters measured
were: {a) the % emergence, (b) the emergence period, and (¢} the mean
post-diapause development period in days, (PDD, i, e. time elapsed between
end of storage and mean period of pupal emergence.)

The allopatric pupal populations differed most in their PDD: low tempera-
tures or a short storage period prolonged the development of Hungarian more
thanr German pupae.

Between 4% and 6°C, diapause metabolism was observed to proceed
fastest. Therefore, in practice, pupae should be stored at these tempera-

tures for 120 - 140 days to avoid a drop in % emergence or a prolongation
of the PDD.

PERFORMANCE OF NORMAL AND GAMMA-RAY STERILIZED
LABORATORY~REARED Dacus oleae FLIES IN THE FIELD.,

AN ATTEMPT TO SUPPRESS THE NATIVE POPULATION IN A
SEMI-ISOLATED AREA BY THE STERILE-INSECT TECHNIQUE

A.P. Economopoulos, G. Haniotakis, N. Avtzis, J. Tsitsipis, G. Zervas,
A. Manocukas

Nuclear Research Center "Democritos”,

Aghia Paraskevi, Attiki, Greece

In Greece, the olive fly Dacus oleae is the most serious pest of the olive
fruit. Research is being conducted at the Demoeritos Nuclear Research
Center with the objective of developing conirol of the olive fly by the sterile-
insect technigque as one of several integrated strategies, From June 1271 to
November 1873, a series of field tests were carried out which laid the basis
for and culminated into a trial of olive fly suppression by the sterile-insect
technigque. Both these tests and the control experiment took place in a semi-
isolated olive grove in northern Greece (Kassandra, Halkidiki Peninsula);
they are summarized below.

The first gseries of release/recapture tests (June 1871 - July 1972) dealt
with point releases of small numbers ({maximum 3 500) of olive flies artificially
reared and sterilized in the pupal stage. The releases took place at the end
of the spring, beginning and end of surmnmer, early and late fall and mid-
winter, Trapping results revealed a tendency of the wild flies to concentrate
at the released site, By the beginning of June very few wild females had
mated or were gravid whereas at the beginning of the fall, the majority
contained spermatozoa and mature egga, By the end of the fall, insemination
and gravidity declined and reached a minimum in winter, Winter captures
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took place on warm sunny days which indicates that, in northern Greece, the
olive fly can overwinter as an adult. In general, released flies were
recovered mainly during the following 2 weeks.

In the second release/recapture test series (March 1972 - April 1373),
large numbers of adulis {maximum 41092) were used. Six single-point
releases were made with both sterilized and normal flies (five in spring,
summer, fall, one in winter) and one 4-point release with sterilized flies
only (winter), All flies were reared on an artificial diet except for the
normal flieg uged in the winter single-point release: these were reared in
olives.

All sterile flies were irradiated in the pupal stage, 1 - 2 days hefore
emergence, The pupae were transported by car on the day of irradiation and
kept below 28 - 30°C. They were put in trays and covered by successive
layers of (a) sand (1 mm thick); (b) 30% fluorescent dye in tale {1 - 2 mm)
and (c} sand (8 - 10 mm). These trays were placed in emergence cages
containing adult food. Sterilized and normal flies were released from the
cages simultaneously and the food was then removed. The trapping screen
was not baited during 1 - § days following release o assure free dispersal.
Thereafter the traps were balted with 3% aq. "Rhodia'’ protein (preservation
later improved by adding 1, 5% borax). Again wild flies were strongly
attracted to the release site possibly because of a high conecentration of
pheromone{s). In October - November, the decline in insemination and
gravidity among wild females was again observed. Most of the released flies
were found less than 60 m from the release points and, therefore, ina
control operation these should not be more than 100 - 120 m apart, Likewise,
since the ratio of released/wild flies within 60 m of the release point
remained high only during 8 ~ 10 days, weekly releases would be required,

In the winter single-point releases of normal flies reared on olives
and sterilized flies reared artificially, the sallant result was the recovery
of & normal fly 4 months after release, again confirming the possibility of
adults overwintering in northern Greece,

As a last preliminary to the control experiment, artificially reared
flies were irradiated as adults and not pupae. Before their release, they
were kept in bags for 24 h either active or Immobilized by cooling. Sucrose
was provided. The main advantages of this procedure were found to be very
low mortality, good dispersal and up to 40% recovery.

The preceding information was used in the control experiment carried
out during May — November 1973, Starting during the latter part of May,
800 trees were sprayed with Lebaycid, followed in mid-June by Dimecron
with "Ceratene” protein. Two weeks after the second treatment, weekly
releases were -started and continued until November 1973, Each of these
consisted of 100000 - 150000 adults of both sexes treated with 9. 5 krad
gamma rays when 1 - 4 days old. The adults were handled as in the last
test and transported by night. They were released in the morning from
points less than 60 m apart. Each week, olives were examined for infestation
and live trapped flies for sterility. Trapping and fruit infestation records
from two untreated groves, respectively 2.7 km and 3.3 km distant from
the release grove, provided comparative data, By October — November,
the overall infestation in the release grove was 3 times lower than in the
control groves. However, in the release area fungus infestation of the fruit
was 3 times higher than in the control groves; this ie probably due to stinging
by released females.
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RELEASE OF STERILE AND MARKED OLIVE FLIES
ON THE ISLET OF SIT (KORNAT ARCHIPELAGO)

D. Brnetic
Institute for Adriatic Agriculture and Karst Reclamation,
Split, Yugoslavia

In Yugoslavia, some 5 million olive trees are distributed almost along
the entire coastal territory including the islands. During the past 10 years,
interest in this crop has revived because of the canning industry. The olive
fly, Dacus oleae {Gmelin), destroys about 35% of the olives annually. Control
of this pest is carried out with organic phosphorus ingecticides which cause
residue problems and, more importantly, a calamitous upsurge of the
scale Saigsetia oleae. Therefore, an effort is at present being made to
develop biological control of the olive fly, including the sterile-insect
techhique. In the field, this effort centres on an ecological study of the olive
fly carried out on some isleis within the Kornat Archipelago lacated off
Split along a SE-NW direction. These rocky islands are uninhabited; on
them, some pockets of arable soil with 5@ to a few hundred olive trees form
oases cultivated by owners living on the continent. The climate is mild with
mean temperatures increasing from 7.1°C in January to 24.1°C in August
and down again to 8.6°C in December. The average RH is 65% and snow
is very rare.

McPhail traps baited with 2% ag. ammonium bicarbonate were established
on the Kornat islands Sit and Séitna, screened from the mainland by Pasman
island on which traps were also located. In addition, traps were put on the
island of Gangaroc windward and off the southern tip of Pasman.

The traps were serviced in conjunction with the releases of colour-
marked and sterilized flies received from Seibersdorf. Wild females caught
were dissected to asgess gravidity. Samples of olives were examined perio-
dically to follow natural infestation.

During 1972 and 1973, wild flies were trapped in winter as well asg in
the warm season, the population reaching a maximum in September. Very
few wild females trapped in June contained mature eggs. However, gravidity
rose steadily during July and the beginning of August, subsided during the
latter part of August to the beginning of September, reached ihe season's
peak in September and decreased thereafter. Fruit infestation reflected
this trend: in September to Ociober infestation reached and exceeded 100%,
i.e., there was more than one individual in a single fruit. The same trend
was obsgerved in 1973 when infestation again began to rise at the beginning
of auturmn.

During May — October 1973,an average of 3 343 flies were released
on a bi-weekly schedule. This wae done from a single point on Sit where
marked flies were recaptured by the furthest trap, i.e. 1 km away from
the release site. However, marked flies were also recovered as far as
Pasman, i.e. 4.5 - 5.0 km downwind. There is little doubt that this dispersal
was due to the wind because, apart from the traps on Sit and Pasman, none
of thoge on S¢éitna and Gangaro {respectively 3.0 and 12.0 km from the
release point) caught any marked flies.

This work will be repeated with larger releages.
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CONTROL OF FRUIT FLIES BY THE STERILE-INSECT TECHNIQUE.
STUDIES ON STERILIZATION, POPULATION DYNAMICS, FRUIT
INFESTATION SEQUENCE AND DISPERSAL OF Dacus dorsalis HENDEL

R. 5. Rejesus
University of the Philippines at Los Bafos,
Laguna, Philippines

In the Philippines, exportation of mange, water-melon, cantaloupe, etc.,
is limited by the oriental fruit fly, Dacusg dorsalis Hendel. Conirol of this
pest is envisaged as a combination of the sterile-insecct technique, male
annihilation, bait spraying and post-~harvest commodity treatments. The
various studies required for the implementation of this programme are
divided among three national institutions: the Atomic Energy Commission,
the Bureau of Plant Industry and the University of the Philippines
at Los Banos.

The biology of the oriental fruit fly was studied on banana, mango,
papaysa and guava: there was no significant difference in the duration of the
developmental stages. At 80 to 85°F the total life cycle took 19.28 days,
pre-oviposition lasted an average of 8 days and adult longevity extended from
20 to 25 days.

The fly prefers fully ripe fruits for oviposition but can alsc use less
mature hosts. All 54 host species tested supported development up to the pupal
stage, but there were differences in larval development, size and mortality.

For mass rearing, a larval medium based on locally available nutrients
was developed containing in grams: cocked yellow sweet potato 50; rice
bran 100; a local brand of brewer's yeast (SMC) 33; sugar 10; Na benzoate
1.5; water 250; HCI q.s. at pH 4.5. The incorporation of yeast shortened
larval development to 6.5 - 7.0 days and pre-oviposition to 6.2 - 7.7 days.
With thig diet, a million pupae cogt US$ 25 - 30. The medium was dispensed
intrays within muslin cloth cabinets. The eggs were seeded onio strips of paper
iowelling laid onthe surface of the medium and covered withnewspaper. Larvae
8 - 9 days old were washed out of the medium and put in moist sawdust for pupation.

Stock cages contained cotton bolls saturated with a mixture of sugar,
yeast hydrolysate and water. Plastic cups perforated with a needle served
as oviposition substrates from which the eggs were brushed or rinsed out.

Population dynamics and dispersal were studied by trapping in a semi-
isolated 150-ha mango plantation. Before deciding on the trap design to be
used, the Steiner, Nadel, Sticky Wing and a locally designed trap were
compared in a 20~ha mango orchard. The local trap is a cylinder (diameter
3.5 in; length 6 in) of screen wire (0.5 in) with both ends fitted with semi-
circles of the same wire: suspended in its middle is a dental roll baited
with methyl eugenol/insecticide. The cylinder is placed inside a perforated
pelyethylene bag which is then suspended horizontally. The insects trapped
can be collected by simply replacing the bag. This trap, which costs only
UB% 0.075, proved comparable to the Steiner trap which was the best.
Therefore, & screen of 80 such traps was established in the larger plantation
and serviced weekly during January — September 1973. BResults show that
the population abruptly increased in March, reached a peak in April and
thereafter gradually declined.
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In sterilization siudies, a Gammacell 220 was used to irradiate the pupae

2 days before emergence with dosages ranging from 1 to 13 krad. None

of these doses had any substantial effect on % emergence and sex ratio.
Pairs made up of an irradiated female with a normal male and vice versa
were segregated and their longevity, fecundity and fertility were measured.
At doses below 13 krad, longevity was normal. At 3 krad fecundity wasg
normal when the male only was treated but drastically reduced when the
female was irradiated. Females treated with 5 - 13 krad did not lay eggs
whereas fecundity was normal when the males were irradiated with doses
below 13 krad (at this dose fecundity dropped concomittantly with longevity).
Both pair combinations were completely sterile at doses from 5 io 13 krad.

STUDIES ON THE MEXICAN FRUIT FLY Anastrepha ludens LOEW

D. Enkerlin §
Instituto Tecnolégico y de Estudios Superiores de Montertey,
Monterrey, N.L., Mexico

The following gives the salient results of the work cariied out on the
Mexican fruit fly from 1971 to 1973,

In attempis to determine the optimmum technique for immobilizing
A. ludens adults, a cold treatment (6°C £ 5) and exposures to CO, and N,
were compared for their effects on the time required for recuperation,
fecundity, fertility and longevity. Adults were exposed fo these treatments
for 15, 20, 25 and 3¢ min: none of the treatments proved ideal, CQO; having
a more deirimental effect than the others.

In irradiation studies, when males from pupae treated with gamma rays
were crossed with normal females, egg sterility increased from 37% at
0.5 krad to 100% at 6.0 and 8.0 krad; females treated with 2 krad or more
did not lay eggs. Flies treated with 8 krad are being released in a suppres~
sion programme in Baja California Norte on the Mexican-1S horder.

Bioclimatic cabinets were used to study the development of all sfages
of the Mexican fruit fly under various regimes of temperature and light;

BH was not controlled. The range for temperature was 18 - 28°C and for
illumination 10 - 14 h. Eight different combinations were used including

a stepwise decrease in both factors. It was found that larval development
was fastest and pupal yield highest under a constant regime of 28°C and
14-h photoperiod. However, adult emergence was highest at 23°C and 12-h
light throughout. Under all conditions studied, the sex ratic was somewhat
in favour of the males.

Puparia were dissected on each successive day of the pupal develop-
ment and examined morphologically to determine when the pupa is formed.
No clear-cut difference could be found in between the successive stages
ingide the puparium, and development appears continuous; thug far, there
is no evidence of a diapause.

Six compounds (terpinyl acetate, linalol, beta ionone, edeoma and
extracts of Chapote amarille and Schinus in McPhail traps were tested for
their attractiveness to A. ludens adults released 90 - 100 m from the traps.
The checks were another similar six traps baited with cotton seed hydrolysate.
The hydrolysate proved a far superior attractant.
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DECISION MAKING IN PEST CONTROIL PROGRAMMES
B.A. Butt

Introduction

In planning a pest conirol programme, one must make a decision, using
all available information, on what method or combination of methods of pest
control will be used. This paper presents a systematic method! for reaching
this decision by using a hypothetical situation and going through the steps
for reaching a decision.

Situation

The golden fruit fly has been found in citrus near the airport in the city
of Atoma. The citrus of Atoma has no market value, but the citrus-lined
streets are a teurist attraction. The area is algo famous for its unusual
speciality fruits.

About 200 km west of Atoma is a 50 X 10% US dollars/year citrus
industry. The pests attacking this citrus are held below economic levels
by biological control and no pesticides are applied; as a result, the non-
sprayed fruit is sold at a premium. If the golden fruit fly reaches this
area, pesticides will have to be used, thus reducing the market value of
the fruit. The pesticides will also cause outbreaks of secondary pests, and
therefore additional applications of pesticides will be required. The fruit
growers fear that the golden fruit fly could destroy their industry and
therefore have raised US $5 X 108 to eliminate the pest in Atoma before
it reaches the commercial citrus growing area.

Procedure

First the objectives must be defined. In this case the objectives are to
eliminate the golden fruit fly in Atoma before it reaches the commercial
citrus area. This must be done ai a minimal cost and adverse affect on the
environment,

in choosing a method of achieving these objectives, resource limitations
and required results that must be met are listed. If a method does not
meet these "must objectives' it is no longer considered. Areal sprays and
host removal do not meet the "must chjectives” (Table I) and therefore are
no longer considered.

The objectives for the best use of rescurces and the maximum results -
with the minimal disadvantages are then listed. These "want objectives"
are weighted 1 through 10, 10 being the most desirable. Each of the methods
of control are then scored on a 1 to 10 scale for each of the "want cbjectives'.
These scores are then multiplied by the original weights assigned to each
objective (Table I), The products are then totalled for each contrel method
and compared. One can see that ground treatment and release of parasites
were 266 and 258 respectively, whereas golden fruit fly attractant and the
sterile-insect technique were 405 and 452 respectively.

L XEPNER, C.H,, TREGOE, B.B. , The Rational Manager, McGraw-Hill, New York (1865},
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TABLE II. EVALUATION OF ADVERSE CONSEQUENCES OF VARIOUS
CONTROL METHODS TQ ELIMINATE THE GOLDEN FRUIT FLY IN
ATOMA

Ground treatment with Malathion bait

1, Some residents may refuse to allow spray

crews into gardens Probability 8
Seriousness 10
Px5s 80

2. Tourists complain of spray odour

and spots on cars Probability 4
Seriousness 2
Px§ 8
Total 38
Stetile-insect technigne
Flies must be produced in non~host area Probability 10
Seriousness 4
Px 8 40
Total 40
Reiease of parasites
Patasite not effective in cool
weather which occurs In some years Probability 2
Seriousiiess 10
Px5 3o
Total ac
Golden fruit fly attractant
1, Recent research shows that the golden
fruit fly attractant i+ also highly
attractive to the key pollenators of the
speciality frults produced in Atoma Probability 10
Serfousness 10
Px$§ 100
2. The odow of the golden fruit fly
attractant is offensive to some people Probabjlity 8
Serlousmess ]
Pxs 40
3. Tourists steal traps Probability B
Seriousness 3
Px S 24

Total 164




132 SEBERSDORF CONTRIBUTIONS

Now the possible adverse consequences of each control method must
be ligted. The probability @nd seriousness of each of these are rated 1
through 1¢, The probability and seriousness scores are then multiplied
and the sums of the products for each control method are compared (Table H).
The figures developed in the adverse consequences cannot be subiracted
from the performance total of the want objectives, but must be compared
separately.

Deecision

Two control metheds, sterile-insect technique and golden fruit fly
attractant, have very high performance ratings; however, the golden fruijt
fly attractant hag very serious adverse consequences. Therefore, the

sterile-insect technique ghould be used to eliminate the golden fruit fly
from Atoma.

PRACTICAL PROBLEM ANALYSIS OF A STERILE FRUIT FLY RELEASE PROGRAMME
B. A. Butt

Any operational pregramme, whether simple or putting a man on the
moon, requires detailed planning in advance. FProblems are besat solved
by preventing them; however, potential problems must be identified and
contingent plans developed. This paper presenis a problem analysis of
a typical sterile fruit fly release programme. An analysis of a specific
programme would differ as would the probability and seriousness of a
problem.

The reader will note that "trained personrel"” and "monitoring” or
"quality control” appear a number of times in the analysis. The need for
well-informed and well-trained personnel as well as a detailed monitoring
and quality control system cannot be over-emphasized.
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TAGGING OF ADULT MEDITERRANEAN FRUIT FLY,
Ceratitis capitata (WIEDEMANN), WITH RUBIDIUM

A, Wehrstein

When large numbers of marked insects are needed, e.g, in release/
recapture studies, tagging with radioisctopes is inconvenient. Dyes may
affect the performance of the marked insect. As an alternative to these
techniques we tested detection by absorption spectroscopy of rubidium in
adult medflies.

The marker was administered as rubidium chloride at various concen-
trations either in the standard larval medium or in the diet of the newly
emerged adult. For detection of the marker, the adult flies were killed by
cocling and ashed at 500°C forr 5 h. The ashed sample was dissolved in
0.5 ml of 0.1N perchloric acid with little heating. One ml or more of acid
was used o rinse the crucible. Thie solution was transferred to glass
ampoules and then read directly with the atomic absorption instrument.
Resulis are presented in Tables I -TII.

Table I shows that on day 0 the rubidium ccncentration in the treated
fly increased with the level of the marker in the diet: thereafter, the
detectable amount of rubidium dropped rapidiy and levelled off between
days 11 and 22. The biclogical half-life was about 2 days.

Teable II shows the average amounts of rubidium detected in larvae,
pupae, puparia and teneral flies when the marker was administed in the
larval medium,

Table III gives the average amounts of rubidium detected in 48-hour-cld
flies fed during that period various concentrations of the marker in 10%
aduecus sucrose solution.

TABLE i, AVERAGE AMOUNTS? OF RUBIDIUM IN MEDFLY ADULTS
REARED A5 LARVAE ON DIETS CONTAINING VARIOUS
CONCENTRATIONS OF THE MARKER

Amount of rubidium in the diet in ppm

Day
0 500 1000 2000
0 0.1083 + 0. 0248 7,3305 £ 0,6038 11,6422 + 0, 5186 20, 9002 2 2, 9028
2 0. 0759 & 0, 0016 2.2880 + 0.8825 5. 0780 & 1, 083 10,1404 £ 4,0794
-8 0, 0728 = 0. 0217 0.73564 + 0.2322 0. 7663 # 0, 4180 33,3063 £ 3,2279
11 0. 0449 = §, 0147 90,2709 & 0, 0774 0,39716 & 0.1858 0.4412 + 0.1703
12 0, 0464 1 0, 0132 0.2322 + 0.1141 0,2554 ¢ 0,1006 0, 9831 0, 9599
22 0. 0774 £ 0, 0286 0. 2632 + 0.1084 0.5186 & 0,1626 0.4554 + 0. 0697

(X ¢ 8,D,) pg/adult medfly
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TABLE II. AVERAGE AMOUNTS OF RUBIDIUM DETECTED IN
LARVAE, PUPAE, PUPARIA AND TENERAL FLIES WHEN MARKER IS
INCLUDED IN THE LARVAL MEDIUM AT VARIOUS CONCENTRATIONS

Organigm

Amount of rubidium in the diet in ppm

500

1000

2000

Larvae (3rd instar)
Fresh pupae

Nine=day old pupae

Puparia

Teneral flies

11,1088 + 0,4021
12,1207 + @, 9691
10,7870 £ 0, 5262
2,3304 + 0,18921
1.3805 + 0,6038

15,9088 £ 1.1506
17.3708 £ 3.2813
16,5704 = 1, 5568

3.2641 + 1, 9737
11,6422 £ 0,5186

13,8388 41,2113
23,9982 « 2,60675
23,8992 + A.7T02

5,767 + 0,7696
20,9002 « 2, 9028

2 (x £+ 5.D.) pglorganism

TABLE III. AVERAGE AMOUNTS* OF RUBIDIUM DETECTED IN TWO-
DAY-OLD ADULT MEDFLIES FED RUBIDIUM CHLORIDE DURING
FIRST 48 HOURS?

Amount of tubidium in adnlt dfet {n ppm

500 1000 2000
Fljes not washed 17T.8+£1,9 26.3 £ 5.5 43.6+ 8.8
Washed 17.8 + 4.5 30.0 5.3 47.8 £ 13.2

% ®+3.0.) pg/Ay.
in 10% aq. sucrose solution.

REARING OLIVE FLY AT SEIBERSDORF

Anne Tischlinger

The following .is a descripiion of the methods and equipment used for
maintaining stock colonies of the olive fly,

The adult flies are maintained in rotating cylindrical sleeve cages
{36 cm in diameter, 190 cm high) at the rate of 500 females and 100 males
per cage. Each cage has six wax cones for ovipogition. The flies are fed
a 4:1 mixture of carbohydrate (sucrose: 9 paris; fruciose: 1 part) and
yeast hydrolysate. Water is offered separately through wicks. At the end
of 6 weeks the cage is discarded,

Eggs are collected daily, washed for 2 min in 1% formaldehyde, rinsed
with distilled water and held over distiiled water in cups with nylon-cloth
bottoms until used.
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(21 Ingradients present in
small amounts

P i sorbate | blended with
Nipsgin approx. 2 litres
Cholesterol tap water
Aureomycin for 2 min
{3)  Suspensian
addad graduaily
/ to mixed powders
(1} Ingredisnis presant in

large amounts

Soy hydrolysate mixed in

Yaast hydrotysate machine

Vanderzant's vitaming far

Wessan's salts 5 min

Mixed until smooth liguid preparation
cbtained. Some more water added

{4)  Sugar added.
~aif Further mixing

MNor-oily suspension

* 5] Clive and linseed oits added.
- Further mixing

Aqueous/oily suspension

[non-emulsitied)

* 6} Yeast and more water aclded,
ol Further mixing

Aqueousfoily suspension
(non-emulsified}

(7] Celluloss and remaining water
(containing hydrochlarie acid)
e added aiternately

Solid medium

FIG.1. Preparation of olive fly larval medium,

The composition of the medium used for larval rearing is shown in
Table I. The preparation sequence of this medium is indicated in Fig.1.
The ingredients are mixed in a cement mixer and then remixed in a house-
hold mixer to obtain proper texture. The medium is dispensed into paper
cups at the rate of 100 g/cup. FEach cup is inoculated with about 435 eggs
in a very small volume of distilled water and the cup is closed. The cups
are held at 25°C and, after 8 days, small holes are punched in the bottoms
to allow the mature larvae to leave the medium for pupation. Pupation takes
place in bran placed in trays below the cups.
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INGREDIENTS IN ONE KILOGRAM OF SOLID LARVAL DIET

Water

Olive 0il

Potawsinm sorbate
Nipagin

Auwrecmyein

Sugar

Linseed oll

Brewer's yeast (dried)
Soy hydrolysate
Yeast hydrolysate
Vitamins (Vanderzant)
Cholesteral

Wesson's salts

IN HC1

Cellulose

480
B0

ml

ml

o.h5g

l.0g

50,0 mg

40
3
16
30
10
10
1

5

adjust o pH 4.0

B

mi

;| wm m m 0% 0T

227.5

Larmval development iz completed in 10 - 16 days, the mortality being

70 - T5%.

The individual pupal weight varies from 2.9 {c 5.6 mg.

emerge after another 10 - 11 days at the rate of 20 - 70%,

Adults
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ADULT OLIVE FLY DIETS: A COMPARISON

A, Wehrstein

The effects of six diets for adult olive flies on the fecundity, fertility as
well as the male and female longevity of this species were compared. Five
of these diets have been used by other workers, one was formulated in
Seibersdorf. The compositior of the diets and their origin is shown in
Table I.

To ensure aniformity, the flies were fed these diets during the same
period and under the same conditions, The flies were kept in small, round,
plastic cages with a concentric wax cylinder for oviposition. Each cage
contained 30 females and 5 males; there were 2 cages/diet. Food was
presented on filter paper strips hanging from the ceiling of the cage; it was
renewed daily. A sugar cube and distilled water were also present and
renewed as required. The resulis are shown in Figs 1-8. According to
these data, diet F was optimal as it resulted in a reasonable longevity
combined with high fecundity and fertility.

TABLE I. DIETS USED BY DIFFERENT INVESTIGATORS FOR ADULT
OLIVE FLIES

A B G D E F
Seibersdorf Moore Hagen Santas Economaopoulos Orphanidis
{1959 et al, (1965) and et al.
{1963) Tzanakakls (1969
{198T)

Water 10 a0 50 5Q 50 10
Yeast hydrolysate 10 10 10 10 10
(enzymatic)
Partially 10
hydralysed protein®
Brewers yeast 30
Sucrose 38 40 40 20 40
Fructose 4
Honey 20 50
Egg yolk 7
Choline chloride 0,05 0.05 0,05
Streptomyein 0.25
sulphate

a Probably yeast hydiolysate (enzymatic),
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LIQUID LARVAL DIET FOR THE OLIVE FLY Dacus oleae GMELIN

A. Mourad

Various absorbent materials were tested with the liquid diet developed
by Mittler and Tsitsipisl. The absorbents were cotion wool, cotton and
paper towelling. These were autoclaved at 120°C for 45 min and then put
in 20 em X 12 em X 10 cm plastic hoxes rinsed in 70% ethancl for asepsis.
The bottom of each box was perforated with 50 2-mm-diameter holes. The
holes were masked with tape until the larvae were ready to pupate. Pupation
took place in bran provided below the boxes,

The liquid dief was poured onto the substrates in the boxes to give
3 -6 gdiet/g substrate. After infestation with eggs, the boxes were kept
tightly shut in the dark at 25°C for 12 days, Under the conditions described,
the development of fungi and other microorganisms was a problem.

Results are shown in Table I,

TABLE I. EVALUATION OF THE MITTLER-TSITSIPIS LIQUID DIET
ON VARIOUS SUBSTRATES

Substrat No, of eggs Fggs/g Mean No, of Mean pupal Mean %o
v ® planted diet pupae weight emergence
Cotton wool 500 20 105 5.3 48
200 B 109 6.0 T8
Cotton towel 500 258 b4 &1 51
200 10 87 5.3 47
Paper towel 500 18 25 4.4 17
200 10 12 4,2 10

! MITTLER, T.E., TSITSIFIS, J., 1873, Economical rearing of larvae of the olive fruit fly, Dacus
cieae, on a liquid diet offered on cotton towelling, Entomol, Experim. Appl. 16 (2973) 292.
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GENERAL STATEMENTS AND RECOMMENDATIONS

1, The Panel considers fruit flies a major economic pest problem,
especially in developing countries. New important fruit production areas
are being threatened because some Trypetids are currently expanding their
geographic disiribution, e.g. the Mediterranean fruit fly in Central America.
Likewise, guarantine regulations often limit potential markets. Heavy
reliance on insecticide applications has led to new problems in the manage-
ment of agricultural pests, namely insecticide resistance, resurgence of
secondary pests, undesirable chemical residues and environmental contamina-
tion, The sterile-insect technique (SIT) is one of the few highly specific
control methods which can be used to overcome these problems, As shown
here and in previous panels, the effectiveness of this technique has heen
demonstrated in quarantine, economic suppression and eradication, thereby
stilnulating research on target species which otherwise might not have

been carried out.

2. The prominent role of the Joint FAO/IAEA Division of Atomic Energy
in Food and Agriculture in promoting the development and application of the
SIT for the conirol of fruit flies is recognized and highly commended by the
Panel, The emphasis in this work has been predominantly for the benefit

of the developing countries but the impact also has been felt in more techno-~
logically advanced countries. Therefore, the Panel strongly recommends
that the Joint Division continue and expand ite programrme of fruit fly
suppression by the SIT.

3. In view of the budgetary constraints limiting the assistance the Joint
Division can reader, the Panel sirongly recommends the appropriation of
monies for the establishment of a revolving fund. The sum required would
be US $250 000 annually, to be administered by the Joint Divigion for the
gpecific purpose of assisting member nations in the control of fruit flies by
the SIT. Such a fund would permit a developing country with an ongoing
programme, but lacking the funds for bringing it to completion, to obtain
the necessary support,

4. - In the urgency to develop alternatives to pesticides, entomologists have
tended to embark too rapidly on ad hoc release programmes frequently
aimed directly and solely at eradication. Other possibilities such as the
integration of the SIT with chemical methods and the use of the technique

as a tool in pest management are only now receiving greater attention.

A good example of the judicious integration of the SIT in a pest manage-
ment scheme for eradication is the Peruvian medfly project. A recent UNDP
study! supports the concept that eradication of the medfly in isolated
valleys in Peru using the 5IT in an integrated approach with insecticides is
technically feasible and economically sound. The Panel fully supports the
UNDP study team recommendations and urges that they be implemented.

1 PRAZZEL, ).R., DAVIS, V.M. (1973), Peru Fruit Fly Eradication, Report of the Evaluation Missien,
UNDP, 46 pp + 4 annexes,

149
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5. The Panel feels that the SIT is a tool to be used with discrimination.

Its hasty application led and still leads to neglecting or awarding low

priority to the collection and utilization of biological information. In this
connection, the Panel considers ecological and behavioural information to

be of particular importance. In addition, the Panel also strongly recommends
to member nations and the Agencies involved to conduct economic analyses
before commencing large-scale SIT practical control programmes.

6, Whenever technical assistance is requested by member nations for
large-scale fruit fly control by the SIT, economic analysis of the situation
should be a sine qua non condition. In this connection the Panel noted that
the OIRSA? member nations are gshowing active interest in the eradication
of the medfly from Central America and that the economic analysis com-
pleted in 1972% confirmed the project's feasibility, The Panel wishes to
point out, however, that this project would only be successful if the following
conditions were met;

(1) availability of the basic biological information;

(2) proper planning on which to make sound decisions;

(3) utilization of suitable numbers of trained personnel for the needed
programme operations;

(4) establishment of a quality control system;

(5) continuous operation of a paralilel research programme, and

(6} adequate funding.?

7. In addition to economic data, the Panel re-emphasizes the need for due
congideration of alternative methods such as male annihilation, olfactory
and visual attractants, inundative releases of parasites, ete. The Panel
strongly recommends the preparation of a weighing scheme including the
above criteria to arrive at a decision whether, in a given situation, the

SIT should or should not be used.

8. The Panel expressed concern that although the sterile~insect techaique
had proven to be an effective pest management tool, its use has largely
been resiricted to relatively few countries. Utilization of the technique is
still mainly in the hands of researchers, Uliimately the responsibility for
widezpread field use lies with regulatory, control and extension officials.
These officials are largely unaware of how the technique can be integrated
into a nation's ongoing pesi management programme. The Panel recommends
that training offered through the FAO/UNEP project on Integrated Pegt
Control be expanded to include national and regional symposia to educate
these officials. These symposia would be followed by training courses to
prepare national field workers in the day-to-day technical programme
requirements., Expert input into this training programme would originate
with the Joint FAQ/IAEA Division,

t Organismao Internacional de Sanidad Agropecuaria, including Costa Rica, El Salvador, Guatemala,
Honduras, Mextco, Micaragua, Panama,

¥ HENNING, R.G. et al. (1972), An Economic Survey of the Meditetranean Frait Fly in Central America,
USDA Field Report 21, 81 pp.

+ Atthe time of going to press, this project tock a new urgency as the medfly fs reported close to
Mexico; see also RLH, Rhode, Appendix I of these Proceedings,
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9. During the proceedings it becamne clear that certain research projects
in progress in specialized laboratories in various parts of the world are of
particular relevance to the efficient and intelligent application of the SIT
{e.g. regsearch in allozymes, acoustical analysis and behavioural studies).
Most frequently this work is pursued in developed countries and it is
suggested that relevant member governmenis be strongly encouraged to
provide adequate support to those projects. It is recommended that those
specialized laboratories be available to support SIT projects in developing
countries (see also paragraphs 17 and 19).

10. The Panel noted the present status of Research Contracts and Agree-
menteg ofi fruit flies and felt that a better balance is needed in their
distribution, Thus the Panel recommends that the number of Research
Agreements be increased in order to stimulate the already mentioned
{paragraph 9) supporting scientific activities carried out in technologically
advanced countries,

11, Upon review of the recommendations of the FAO/IAEA Expert Panel
on the Practical Use of the Sterile-Male Technique for Insect Confrol
{Vienna, 13 - 17 November, 1972)%, the present meeting endorses and
re-emphasizes recommendations for continued awareness regarding fitness,
competitiveness and prevention of genetic and physiological deterioration
of mass-produced fruit flies. Likewise, the present Panel recommends
that the Joint Division act as & centre for the development of methods to
evaluate artificial diets for efficient mass rearing, to evaluate mass
rearingtechniques and to provide guidelines for the application of these
methods in developing countries. Thus, the following are recommended
as the primary objectives for the Joint Division's programme on fruit fly
suppression by the SIT:

{a) development of methods for the testing of media and other links
in the fruit-fly production chain;

{b) improvement of irradiation methods;

{c} development of quality control techniques;

{d} improvement of logistics (devices and methods);

(e} training personnel.

12. A primary requirement of the SIT is the designing of experiments for
mass rearing and to determine the gquality of the insects produced both for
breeding stocks and for irradiation and release. Implementation of the
recommendations in paragraph 11 will require collaboration between two
research professionals: an insect nutritionist and a specialist in behavioural
physiology, both being experis in experimental design. )

The nutritionist will carry out research on the nuirition of target
species and develop therefrom experimental procedures for the evaluation
of diets. The result of this work will appear in publications and will be
uged in the training of fellows from developing countries. This work will
be done in constant co-operation with the behavioural physiologist so that
a trainee will have the benefit of experience in mitrition, the formulation
of diets and the development and conduct of some simple behavioural tests
for evaluation of insect guality.

% The Sterfle-Inzect Technique and its Field Applications, Panel Proceedings, 1AEA, Vienna (1974).
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A further task of the behaviourist will be to collate information on
quality-control research carried out in other locations, At the termination
of his employment, this professional's experience and the information
collected will be published in a laboratory and field manual.

The Panel further recommends that project leaders collaborate by
corroborating under their own field conditions some of the techniques
developed at the Agency.

13. The Panel recognizes that a problem exists as regards placement
of trainees from developing countries due to the limited number of centres
with ongoing programmes of fruit fly control by the SIT.

It is recommended that the allocation of trainees from developing
countries be not restricted to ongoing projects but that use be made of the
large number of existing centres of formal instruction.

The Panel recommends that the present level of training activities af
the Seibersderf laboratory be maintained and if possible increased,

14. The Panel noted with concern that in some developing countries Agency
publications in entomology are not passed down from the administrative to
the working level. Therefore, the Panel recommends that the Agency
explore ways to ensure dissemination of its publications in entomology

{in particular Panel Proceedings) so that they reach the maximum possible
number of researchers in developing countries,

SPECIFIC STATEMENTS AND RECOMMENDATTONS

Operational agpects of fruit fly control by the sterile-insect technique

15. Having considered the minimum size area over which practical fruit
fly control by the SIT could be expected, the Panel concluded this could
not be determined with any degree of precision because of the numerous
variables involved. Assuming adequate quarantine control, manpower, fly
production and release capability, a key factor is the degree of iseclation.
Other factors which may impose a limit in effectiveness are the level of
control by bait sprays, clean cultivation, and the degree of freedom given
to the project manager in the implementation of the programme,

16, The Panel also examined the question of sterile stings by released
females, possible counteraction by releasing males only and the beneficial
role, if any, of the sterile female. The Panel considers sterile stings a
marketing problem. The importance of those stings varies with the fruit
fly species, the type of fruit (it may be important in some stone fruit and
cifrus varieties} and the time of the year. Ifthe stings are a problem in experi-
mental studies, the fruit may have {o be bought. However, the problem is
temporary where eradication is the goal and can be diminished by such
methods as stopping or reducing releases before susceptible fruits come
into production, by suitable cultural practices and selective spraying of
early ripening varieties., Currently no feasible method exists to separate
the sexes in large numbers; research to find methods to do this economically
{e.g. by use of sex distortion) should be encouraged. The evidence thus
far available suggests that, in fruit fly species with polygamous behaviour,
the release of sterile females contributes to suppression.
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17. The Panel congiders of paramount importance developmental research
in quality conirol and quality control techniques. This is essential for
determining the most imporiant biological parameters for sterile fly
releases. Such techniques will allow the early screening of the flies best
suited for a field programme as well as the continuous monitoring of the
effectiveness of the released flies, Quality control techniques are needed
for each fruit fly epecies. Since there are laboratories specialized in
studies on quality control of mass-reared insects, the services of these
laboratories should be utilized in SIT programmes.

18. A measurement of the éffectiveness of sterile flies in mating with
wild flies is essential, This may involve various aspects of mating
bhehaviour. Once known, these can be used to develop monitoring systems
in a sterile-insect release programme, More field studies are needed on
the mating behaviour and ecology of fruit flies. In this respect, male
flies with sperm marked by radiotracers may be released in field experi-
ments to establieh mating frequency and competitiveness under natural
conditions.

Radiotracer sperm tagging is necessary for special applications, but
the Panel does not consider it esgential for general use during a sterile
release programme,

19. The Panel recommends that the Agency assist and co-ordinate studies

of fruit fly behaviour and ecology as related to the SIT. Monitoring genetic
variability {(e.g. by allozyme analysis) is essential as an alarm system to
warn of inereasing homogeneity in the breeding stock; the Panel recommends
that this be done in a central location to which sample material could be gent.

20. Where a fruit fly pest management programme calls for a multidis-
ciplinary approach, including extension and regulatory practices, the Panel
recommends that the SIT be integrated with other suppression methods,
such as male confusion and male annihilation, the judicious use of bait
sprays, trapping, parasites and predators.

21, The Panel considers the airplane an essential tool in large-scale control
and eradication programmes and therefore strongly recommends that
provision be made to include this piece of equipment at the beginning of

such programmes, In this connection improvement and evaluation of aerial
releage techniques are required. In smaller programmes, before deciding
on air releages, due consgideration should be given to economic factors,

such as size of the area, cost of labour, environmental conditions and
fopography.

22, A further need is some actomation to reduce human error, increase
the quality of the product and lower costs, The Panel recommends that
resources be allocated to the development of such devices, particularly
in large-scale projects requiring around-the-clock work.

23. The Panel had before it a scheme designed to assist in the process
of decision making€ in the conductof an SIT programme. Such a scheme

% See B,A. Butt, these Proceedings,
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is sirongly recommended for the consideration of those contemplating
the application of the SIT.

Mediterranean fruit fly Ceratitis capitata {(Wiedemann)

24. Information available from various med{ly rearing units (Costa Rica,
Cyprus, Israel, Italy, Spain, Austria) allows an approximate calculation

of the space requirements for mass producing the medfly, The present

norm is approximately 50 000 to 60 000 insects per week per m? total rearing
facility surface (i.e. irradiation and storage rooms, office, etc. included).

25. Production of the medfiy is still reiatively expensive because of cosily
nutrients such as protein hydrolysate and brewer's yeast, In most cases
these ingredients are imported and in developing countries this often is a
drain on hard currency, Therefore, the Panel strongly supports the current
Joint Division siudies on the replacement of expensive nutrients by inex-
pensive and readily available materials. The Panel also recommends that the
Joint Divigion encourage similar work in developing nations,

26. Regarding winter releages of sterile medflies to protect citrus, the
Panel considers this a good approach if the climate does not inactivate the
insects, there is mating, the population is low, and the market value of the
fruit is not reduced by sterile stings.

27. The Panrel recognizes that the effectiveness of the SIT for medfly control
during spring and summer has been repeatedly demonstrated, e.g. in Spain,
Italy and Israel. Good results also were reported after combining this
technique in pest management with chemical and biological control agents,
e.g. in Argentina and Peru, However, to convince administrators to put
this technique into practical use, a demonstration of eradication could be
decisive. Therefore, the Panel urges the FAQ/IAEA to co-ordinate a
campaign of medfly eradication in a Mediterranean country drawing upon
the expertise and pooling the resources of several countries in the area.
The agsistance of the International Organization of Biological Control in
such a venture should be enlisted {see Appendix II),

Olive fly, Dacus oleae (Gmelin)

28. The biotechnology for olive fly production is steadily improving,
According to information from Greece the present olive fly production norm
is approximately 5000 pupae per week per m? total rearing facility
surface.

29, The present cost of slive fly production in Greece is US $1/1 000 pupae,
labour included. The Panel is not convinced that cost should be a primary
consgideration in substituting imported nutrients for locally available ones
because imported products are more standardized and therefore

their use in the various rearing facilities would eliminate a source of
variation and increase the validity of compariscons. Nevertheless, the
Panel recommends that the Joint Division obtain a list of materiale used

in olive fly rearing.
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3¢, The Panel recognizes that the SIT can and should fit into a pest
management system for olive fly conirol, Because of a lack of geographical
isolation, eradication usually will not be the objective of the SIT in olive

fly suppression programmes. The pest management scheme should comprise
twa sequential phases:

{1) Suppression: by cultural practices {spring collection of remaining
fruits), treatment with selective insecticides {early summer),
trapping (pheromones included);

(2) Control: by release of sterile olive flies in combination with
parasites.

31. The co-operative Yugoslav/Joint Division/USDA olive fly research
programme, including the development of better irradiation techniques,

mass rearing, marking, trapping, release methods, diete, etc., complements
research in other olive growing countries. The Fanel notes that the Agency
supplies olive flies of Greek origin to Yugoslavia for ecological studies;

it suggests that releases of a Yugeslav strain would be preferable.

32, The Panel recommends increasing the number of contracts, and if
possible, the monetary value of contracts, for research on olive fly rather
than on medfly.

33. Training in olive fly research should take place in plive-zone labora-
tories wherever this research is sufficiently advanced.

34. The Panel recommends that the Joint Division, together with organizations
such as the International Biological Programme, the International QOrganiza-
tion of Biological Centrol and the European Economic Comrnunity, encotirage
and help organize annual or biennial meetings of olive fly workers to
exchange information. These meetings should rotate between major olive

fly research centres (Italy, Greece, Yugoslavia, Spain, Portugal).

35. The Panel recommends an exchange of visits between Agency personnel

engaged in developmental research on olive fly and their colleagues in the
olive zone to improve co-ordination.

Other fruit fly species

36, In the developing countries some of the most important fruit fly
species are:

Anastrepha ludens: Mexican fruit fly;

A, fraterculus: South American fruit fly;
A, suspensa: Caribbean fruit fly;
Ceratitis rosea: Natal fruit fly;

Dacus dorsalis: Oriental fruit fly;

D. cucurbitae: Melon fly;

T. zonatus: Mango fruit fly;

Rhagoletis cerasi: Cherry fruit fly.
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37. In the developed countries, several species of Hylemya are of economic
importance to vegetable crops and, based on the experience obtained in
Belgium and Holland, could be congidered in the near future as target
species for the SIT.

38. The Panel feels that the developmental work in several research

centres on the species listed is adequate and need not be undertaken by the
Joint Division. However, the Joint Division eould greatly contribute in the
R. cerasi programme by co-ordinating the work of European researchers,

39. The Pane! considers that the use of local materials after their extensive
evaluation may be the only economical and practical solution to mass rearing
the other fruit fly species just mentioned., [t is recommended that the
Agency assist and/or co-ordinate the evaluation of such materials,

40. Likewise, as regards some of the species listed, the Panel recommends
that the Agency encourage co-ordination among different workers on specific

topics such as radiobiology, rearing, ecology, release methods, etc,

41. Tt is recommended that the Agency continue to train scientists on the
fruit flies listed here.

Anasgtrepha ludens

42. The 1989 Panel on the Sterile-Male Technique for Control of Fruit Flies?
recommended that an eradication experiment be conducted in an isolated

area of about 1000 km?2, Steps have been taken in this direction but on a
somewhat smaller scale. However, gince the exact distribution, ecology

and host relations of this pest in Mexico and Central America are not known,
work on these aspects should be encouraged. Likewise, the application of

the SIT in conjunction with other conirel measures should be more extensively
considered,

Anastrepha fraterculus

43. Research on this species is sufficiently advanced to make a study of
the effectiveness and ecological implications of simultaneously releasing
A. fraterculus and Ceratitis capitata worthwhile. This would be a unique
opportunity for testing the possibility of simultaneously suppressing or
controlling several species by the same technique and exploring possible
interactions of such a suppression.

Anagtrepha suspensa

44. The study of this species has greatly progressed in the USA. Other
countries in which this fly is a problem should be encouraged to take
maximum advantage of these studies,

As they become of economic importance, other Anastrepha species
might be considered for inclusion in the Agency's programme upon regquests
from the affected countries.

! Panel Proceedings Series, STI/PUB/278, TAEA, Vienna (1970),
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Dacus dorsalis, D. cucurbitae, D. tryoni and D. zonatus

45. Methods of rearing, trapping and irradiation as well as sterility data and
chemical control measures are available for these four species of Dacus, The
feas=ibility of suppressing D. dorsalis, D. cucurbitae and D.tryoni by the

SIT has been demonstrated. Efforts should now be made to integrate the

SIT in a gound pest management programme in large areas. Wherever and
wheriever possible, eradication should be attempted.

D. dorsalis and D. cucurbitae have several hosis in common, even
though they may not complete their life cycle in some, Again, there is an
opportunity for studies of simultaneous suppression.

Release to establish 'guardian population” barriers te prevent
infestation or reinfestation of fly-free areas should be undertaken.

Since much work has been done on D. tryoni, contact with workers on
this insect should be rmaintained.

RhagPIetis cerasi

46. This specieg ig of great economic importance in certain countries and
is widespread, attacking a high percentage of fruit if no conirol measures
are applied.

Research on R. cerasi now shows that in the near future the eradication
of this pest can be proven at least in some rather isolated areas.

Suppression of this pest by the SIT should be studied as part of a pest
management project,

Eapecially in the case of this insect, the Panel sirongly recommends
that the Agency further personal contacts between all workers coancerned.

I—leernxa Spp.

47. The feasibility of suppressing H. antiqua by the 5IT has been demon-
strated in the Netherlands. The Panel recommends that the Agency
encourage further basic and applied research in developed countries on this
and other Hy_lemxa species, such as H, brassicae. Large-scale field trials
should be initiated ag soon as mass rearing and ecological studies have
developed to & sultable level.
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A MEDFLY ERADICATION PROPOSAL
FOR CENTRAIL AMERICA*
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Abstract

A MEDFLY ERADICATION PROPOSAL FOR CENTRAL AMERICA.

A survey sponsored by US/AID revealed that in 1970 direct crop losses due to Mediterranean fruit fly
Ceratitis capitata { Wiedemann) infestations througheut 10 774 km? (2.7 million acres) in Costa Riva, Nicaragua
and Panama approximated US$2, 4 million. Potential annual losses would reach US 36,8 million were the
medfly to spread throughout presently uninfested Central America. The survey team members estimated that
a G-year eradication programme involving sterile flies, malathion mixed with protein bajt, or malathion
alone would cost US§$30.8, USS25.7 or US$21.8 million, respectively. The subsequent revision of these
estimates by agrienltural officials of the OIRSA member countries resulted in a §-year programme involving
both malathjon and sterile medflies at a cost of US$20, 5 milllon. The financing would be provided by
contributions from the governments of the USA, the five Central American countries, Panama, Mexjico and the
United Kingdam that would be deposjted in CABEI to cover the operational costs, This sum would be repatd to
CABEI within 1{ years and would constitute the nucleus of an emergency fund to coimbat plant and animal
diseases or pests within the OIRSA region, Additional monetary and/or technica) support would be requested
of UNDP, IAEA, the University of California and the Interamerican Institute of Agricultural Sciences, Intensive
trapping for medflies within OIRSA countries that are ostensibly free of fhis pest and in Belice should be a
Precequisite to an active eradication programme. Supplementary information concerning medfly ecology
and methods of marking and aerfal release is needed.

One of the world's most notoriouns fruit pests, the Mediterranean fruit
fly, Ceratitis capitata (Wiedemeann), made its firgt appearance in Central
America near San Jogé, Cogta Rica, in 1955, Initial attempts to eradicate
the medfly from the locally infested areas with insecticides were abandoned
after the insect became generally established throughout the coffee-producing
regions of the ceniral highland plateau. Instead, the newly-created Organlismo
Internacional! Regional de Sanidad Agropecuaria (OIRSA) presently undertook
the responsibility of preventing the spread of the medfly to other Central
American couniries, OIRSA, an international regional organization funded
by annual contributions from it2 member countries, is concerned with the
control or eradication of plant and animal peats and diseases that threaten

* Liberal references have been made to Field Report 21, Economic Survey of the Meditesrangan Fruit
Fly in Central America, US Dept. of Agriculture, in co-operation with US Agency for International Development,
1972, and Informe II Reunion Extraordinaria de Jefes de Sanidad y Coarantena Vegetal, 15-18 de Mayo de 1873,
Organismo Internacional Regional de Sanidad Agropecuatia.
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the agricultural economy of the five Central American countries, Mexico
and Panama. Nevertheless, despite regulatory and quarantine measures
instituted by OIRSA to halt the medfly advance, the pest was detected in the
Carazo region of Central Nicaragua in 1961 and in Western Panama in 1963,

In an effort to develop non-ingecticidal methads of reducing native
medfly populations, OIRSA, with assiatance provided by the United States
and the Interamerican Institute of Agricultural Sciences (I1AS), initiated a
Iaboratory-rearing programme in 1958 for the production of medfly parasites
and, concurrenily, began investigations of medfly sterilization with gamma
irradiation.

Also, in 1964, a pilot test involving the release of 1 million sterile
medflies per week over a l-square mile area on the peninsula of Puntarenas,
Costa Rica, was carried out under a joint US/AID-OIRSA agreement. The
results were sufficiently encouraging so that OIRSA, with United Nation's
Development Programme (UNDF) suppori, entered into a co-operative
programme in 1965 with the International Atomic Energy Agency (IAEA)
to determine the feasibility of eradicating the medfly from Central America
by means of the sterile ingsect release method, In an experiment conducted
from September 1968 to May 1969, approximately 40 million sterile medflies
were released by air each week over a 48-km? coffee and citrus area in
Nicaragua. Resulig of this test demongtrated that average depogition of
viable medfly eggs, larval infestations in coffee fruits and recoveries of
pupae from mandarin oranges were atleast 90.0% less in the release area
than in the two checks [1],

At the conclusion of the joint UNDP -OIRSA-IAEA co-operative
programme, a conference was held in 1970 at San Jos&é, Costa Rica, to
aggess the results of the sierile fly release experiment in Nicaragua and
to discuss a course of further action to rid Central America of this pest.

In addition to cfficials of the foregoing organizations, other delegates
represented US/AID, USDA, US Department of State, US Atomic Energy
Commissgion, US Air Force and the Ministries of Agriculture of each of

the five Central American couniries, Mexico and Panama. It was proposed
and agreed that before congidering a medfly eradication programme, US/AID
would sponsor a study to determine (1) the economic losses sustained by

the countries presently infested with the medfly, (2} the potential damages

if the fly were to spread into previously non-infested countries and (3) to
estimate the cost of eradicating the medfly from Costs Rica, Nicaragua

and Panaima.

Congequently, during 1971-72, a four-man team of specialists in
entomology, iropical horticulture, agricultural marketing, and agricultural
economics made an assessment of the medfly situation in Central America.
The team at that time considered that self-sustaining medfly populations
were present throughout 1 672 km? in Nicaragua, 7 000 km? in Costa Rica,
and 2 102 km? in Panama, representing a total area of 10 774 km? (Fig.1), |

Medfly infestationg in these countries are generally found in developed
highland areas cultivated to coffee and citrus and in pmall towns and
settlements along the Pacific coastal plain where tropical almond
{Terminalia catappa) and mixed frait plantings occur,

Citrus is the only commercial host fruit crop — except coffee — grown
on gn economic scale, Coffee is a favoured host fruit of the fly and, even
though thiz crop sustains the major medfly infesiations in Central America,
losses in coffee bean production were estimated to be only about 1%. Of the
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FIG.1. Areas with a self-sustaining population of Mediter fruit fiy (Ceratitis capitata).
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citrus varieties, sweet orange and mandarines are the most heavily attacked.
Medily losses to fruit production in the infested Central American countries
were estimated to be about 28% for sweet oranges, 50% or more for
mandarines, 24% for grapefruit and 2% for other susceptible fruits.

Applying these estimates of susceptible crop losses to the estimated value
of fruit production in the current medfly area, the value of losses due to
thig insect in 1970 was about US $2.4 million. Should the medfly spread
to all areas of Central Americs, the same loss rates would cause a potential
annual damage of US $6.8 million, Were the medfly to invade Belice and
Mexico, the citrus industries of thege countries would suffer annaal losses
of US $1 million and US $5 million, respectively. Potential damages to the
US fruit industry would be much greater. At one-half the damage rates
observed in Ceniral America, medfly losses to the US citrus indastry would
approximate US $ 85 million annually, Because of the susceptibility of
deciduous fruits to medfly attack, losses could amount to US $200 million
annually, a sum which represents a third of the {oial value of production,

In their report, the medfly team emphasized the importance of
establishing and enforeing strict quarantine measures to prevent the medfly
from being carried into areas where it is not established or where eradication
is still incomplete, Internal quarantine operations within each country would
entail the efficient control of terrestrial, aerial and maritime traffic at
designated check points and at internationsl boundary crossings, Even though
a medfly eradication attempi is not undertaken in Central America, a
quarantine programme would still be necessary to retard the advance of the
fly into new areas. Furthermore, upon completion of the Pan American
highway, linking Panama with Colombia, vehicular traffic will provide the
pessibility for more rapid movement of the medfly and other exotic pests
and diseages of agricultural importance between South and Central Americsa.
The team recommended that quarantine stations be established in northern
Nicaragua on the West Coast and Pan American highways to control traffic
moving into Honduras and El Salvador. It was estimated that operational
cosgts of the two new stations would amount to about US $269 000 for a
4-vear period.

A thorough and continuous trapping programme throughout Central
America was also considered a necessary prerequisite to any programme
or activity to control or eradicate the medfly. In the opinion of the team,

a survey trapping programme should be conducted whether or not eradication
of the medfly is attempted. Such an effort, utilizing iriangular carton traps
with Trimedlure incorporated in the adhesive material, would require
external financing in the amount of about US $2.4 million. It is advisable that
the survey programme be in operation at least 1 year before any control or
eradication attempt.

The economic gurvey team judged that because of rugged terrain and
agsociated adverse weather conditions, 3 740 km? of the total infested area
of 10 774 km? could not be adequately treated by conventional airplanes —
ueither with insecticides nor sterile flies — and that the ground application
of malathion bait sprays would be needed. Because of the broad scope of
a programme to eradicate the medily from Central America, a 6-year
muitistage plan of operations was proposed which provides for 1 year of
preparation devoted to advance trapping, construetion, procurement of
supplies, etc., followed by 4 years of major eradication effort during which
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one-fourth of the ictal infested area would be treated each year and, finally,
1 year of final "mop-ap',

Three alternate methods of eradicating the medfly were proposed: the
use of malathion alone applied by air at 2 fl oz/acre, malathion at 2 fl oz/acre
mixed with protein bait at a 1:4 ratic and the release of sterile flies. Although
ulira-liow-volume {ULV) malathion applications alone have not yet been proven
completely effective against the medily, it is known te cause a quick knock-
down of flies [2]}.

The C-123 muitiengined jet-assisted airplane was considered the most
practical type for large-scale spray operations. Citles and towns lying
within the air-treatable areas would receive coverages of malathion alone.
Chemical treatments would consist of eight weekly spray applicaiions for
each of the ingecticide programmes and would commence at the end of the
wet period in November,

Marked medflies sterilized with 9 krad of garhma radiation weould be
released from DC-3 airplanes at the rate of 400 000 per km? per week,

A laboratory-rearing facility capahble of producing 500 million flies per
week would be centrally located at San José, Costa Rica. Sterile-fly
releases would begin during the period of low wild-fly population densities
in September.

Because of potentially bad weather conditions and areas that may be
misgsed in the application of the aliernate methods of medfly eradication,
some retreatment would undeoubtedly be required, These costs were
eatimated at 5% of the total treatment cost for the current year of treatment
and 10% for the following year for each type of eradication programme,

An intensive medfly-monitoring programme which would provide
accurate and up-to-date information onr sterile and wild fiy density and
digtribution in the work areas ig an essential element in an eradication
project, It is estimated that the yearly cost of monitoring 10 sticky traps
per km? per week over 1 000 km? would be about US $1.2 million.

Total costs of each of the propesed eradication technigueg, used alone,
including costs of retreatment and a monitoring programme, were estimated
by the economic survey team at US $21.8 million using ULV malathion,

US $25.7 million usging malathion-bait spray, and US $30.8 million employing
gterile fly releases,

In earty 1973, OIRSA hecame increasingly alarmed with the consequences
attendant upon the evacuation and displacement of a large portion of the
population of Managua, Nicaragua, ravaged by earthguake in December 1972,
To resettle in outlying areas, many of the homeless circumvented the iniernal
medfly quarantine station situated on the Pan American highway, 22 km north
of Managua, by dispersing along secondary roads and trails. Sporadic out-
breaks of the medfly in northern towns previously freed of this pest indicated
the probability that infested fruits from the major citrus producing region in
central Nicaragua were being received in these areas to meet the demands
of inereased local consamption.

At an extraordinary reunion of the Ministers of Agriculture of the
OIRSA member countries held in February 1973, OIRS5A urged the immediate
reinforcing of existing quarantine, trapping and control programmes to
curtail the northward spread of the medfly, Considering the vulnerability
of El Salvador and Honduras to invasion because of their proximiiy to medfiy
infestations in Nicaragua, CIRSA recommended a study be made of the AID
Economic Survey Report to develop a technical-econemic sirategy to rid the
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currently infested countries of this pest. Subsequently, in May 1973, officials
of Vegetable Health and Quarantine Departments from the OIRSA countries
met with members of OIRSA, US/AID (ROCAP), USDA, the economic survey
ieam and the Central American Bank for Economic Integration (CABEI) to
discuss strategy, costs and a possible manner of financing an eradication
programme,

From this conference evolved an integrated programme of up to 5 years
duration which would utilize insecticidesg and sterile ingects to achieve
eradication through the following sequential approach:

(1) 6 ULV-malathion sprays at 1-week intervals

(2) 2 malathion-protein bait sprays at 2-week intervals

{3) 3 monthe of weekly sterile-fly releages at a rate calculated to
maintain 8 minimal sterile-to-wild-fly ratio of 100:1.

The delegates considered the ground application of ingecticides to the
area of 3 740 km? proposed by the medfiy survey team to be economically
untenable and projected the use of malathion-bait sprays applied by heli-
copter as a meang of reducing the estimated costg, Other revigions of
item costs presented in the Fconomic Survey Report resulted in an eradication
programme with an overall cost of about US $20,5 million composed of the
following operational expenses:

(1) Survey, trapping and quarantine ,............... US$1 859 826

{2) Bupervision .....,c.veresneensincnnnrnranarena 2 029 157
{3) Insecticide applicalions ... voieverarecsasacne.s 7T 989 442
{4) Sterile fly production and release . .ooeeeinnes .- 6 734 200
(b} Administration ........0eieeeinannnsrnraonnren 1 861 263

Total US $20 473 888

As some possible means of obtaining the necessary funding for an
eradication project advanced at the May 1973 conference, it was proposed
that each OIRSA member country increase it8 own normal national quarantine
service support by 100% for the first year of the programme and by an additional
50% for the second year. Individual country support would continue at
this level until 2 years after the medfly is deciared eradicated in Central
America. In addition, each OIRSA country would contribute a determined
amount to a fund established in CARBREI for financing the initial phase of the
eradication programme and all countries would become current in payment
of their annual quotas, A grant contribution would be requested of the
Mexican Government to be used for operating costs. The amount of this
loan would be deposited in CABEI.

A loan would be requested of the United States Government through
US/AID (ROCAP) to be deposited in CABEI as part of a ""Medfly Eradication
Fund" used to finance equipment, insecticides, local salaries, and other
costs. This fund would be administered by CABEI under the technicat
direction of an OIRSA-USDA-IAEA-IIAS Technical Advigsory Committee
to be established to guide thig joint effort.

Portiong of the US contribution would be made available to the Central
American countries for graduate training of national technicians in entomology
and short-course training of engineer agronomists and lower technician



APPENDIX 1 165

leveis in methods of trapping, quarantine, spraying, inseci identification, etc.
Also to be paid from the US leoan are the salaries and associated expenses for
6 USDA advisors for a 5-year pericod to assist in various aspects of the
programme as well as the costs associated with aerial spraying carried

out by the US Air Force in the event thal assistance in the form of up to three
C=123 aireraft with ULV-dispensing equipment becomes available,

The UNDP would he requested to provide monetary assistance for an
expanded rearing facilily and research and technical asgistance support
through IARA,

Other research assistance would be requested of US/AID-Technical
Asgistance Board/University of California Pest Management Research
FProject to work with IAEA and IIAS on insect radiation and release, research
related to aerial and ground spray systems, collecting and processing of trap
data and the provision of technicsl training programmes required by field
and other support personnel.

A request would be made of IIAS fo provide research assistance on a
study to determine the effects of the medfiy on tropical crops and to make
an analysis of the benefits to be derived by the Central American countries
through erop diversification and, also, tohelp in formulating a strategy including
location, crops, costs, etc, for the development of new crop production with
special emphasis onsmall and mediam farm operations that could be imple-
mented as soon as possible after the medfly becomes eliminated in Nicaragua,
Costa Rica, and Panama,

The British Foreign Assigtance Agency would be requested to augment
ite financial support to Belice for increased quarantine, trapping and related
programmes o prevent medfly introduction. In addiiion, the British
Government would be asked for a contribution to be depesited with other
funds in CABEI for costs agsociated with the eradication programme in
Céentral America.

Monies depogited in CABEI for use in defraying the operational expenses
of the eradication programme would be repaid to CABEI by the OIRS5A member
countries in annual guotas within a 10-year period and would serve as the
nucleus of a revolving ''Emergency Pest Eradication Loan Fund'. This fund
would be available under conditions determined by the OIRSA directors for
the control or eradication of pests or for other problems congidered emergency
situations by OIRSA,

The actual dellar values of contributions requesied of the various
governments and international agencies will be considered following approval
of the finaneing plans by governments of the OIRSA member countries,

Before commencing an active eradication attempt in Central America,
it would seem advisable that intensive irapping surveys be conducted
throughout the OIRSA region and Belice to determine if the medfly has
encroached upon territories previously considered free of thig insect,
It is not improbable that the scope of the proposed eradication effort would
be influenced by the number and size of any infestations discovered in the
countries north of Nicaragua, More detailed information is also needed
concerning medfly digtribution within each of the currently infested countries,
particularly along the Atlantic littorals and in mountainous areas of resgiricted
accessibility. Remote-gensing techniques employing colour infra-red
aerial photography would provide a rapid and relatively inexpensive means
of detecting susceptible host fruit plantings or, alternatively, of eliminating the
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need for extensive ground reconnaissance of undeveloped or agriculturally
unsuitable regions.

Additional knowledge of wild-medily life cycles, particularly the length
of pupsal development in different climatic environments, and the correlation
of trap catches to native fly population densities, would be beneficial.

Insect marking is a crucial element in sterile-insect release programmes,
Existing methods for marking the adult insect, using fluorescent powders
applied to the pupae, must be improved upon or practical slternative means
found which would ensure virtually 1009 identification of captured laboratory-
reared medflies. It would also be desirable heforehand to compare methods
of releasing sterile flies by air under conditions exigting in the proposed
work environment to determine whether medflies released in containers or
discharged unconfined into the air stream constitutes the most effective and
practical method, Electronic guidance systems to direct airplanes accurately
along flight lines over forested areas must also be evaluated in advance under
fiying conditions present in Central America,

Even though the technological basis for suppressing wild medfly popu-
lations with chemicals and sterile insects has been established, the uneven
terrain and variable weather patterns of Central America, in agsociation
with the general lack of communications, inadequate roads and landing fields
in outlying areas, could present formidable barriers to an eradication effort.

Problems with logistics could be expected because of the time required
to import supplies and equipment from markets outside the Central American
region and the administrative delays involved in transporting material across
international bhoundaries,

A tentative eradication strategy, advanced at the May 1973 conference,
would exert a closing action on the medfly-infested region of Central America
by the initial and simultaneocusg ireatment of Nicaragua and Panama, However,
in addition to the increased operational hurdens created by a divided campalign,
any eradication attempt in Panama would involve areas of southern Costa
Rica because of medfly infestations in the border regions. Among other
factora, a successful eradication enterprise would include the precise
co-ordination of varicus specialized activities. It is unlikely that an
untested task force would have the proficiency needed to overcome the
obstacles imposed by widely separated and difficult work environments
located in three different countries, OIRSA, therefore, may wish to congider
concentrating the initial effort in Nicaragua rather than risk the possibility
of the newborn programme becoming overwhelmed at the outset by a multi-
tude of unresolved problems, RBecause of the nature of its widely dispersed
areas with medfly infestations, Nicaragua, in itself, would provide an
uncompromising proving ground, under working conditiong similar t¢ those
which would be faced with confidence and expertise at a later time in
Costa Rica and Panama,
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Annex I of Appendix II: List of laboratories involved in

Mediterranean fruit fly activity,
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IOBC/WPRS medfly working
group,
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1. The IOBC/WPRS Working Group on Genetic Controlofthe Medfly
during its 3rd meeting (IAEA, Vienna, 17 Novembher 1973), recognized
that around the Mediterranean basin there were 11 laboratories involved
in research activities on medfly and/or mass production of the insect for
its suppression in their respective countries,

Mass production of medtly is also being carried out at the IAEA laboratory
at Seibersdorf.

The laboratories involved are listed in Annex I.

2., The expertise accumulated in these various laboratories now has
reached the point where upscaling medfly production is no problem, given
the proper incentive and support. The Working Group, including the others
present at the meeting {addresses listed in Annex II), felt that any one of
these laboratories cannot on its own realistically undertake a large-scale
project of Mediterranean fruit fly centrol by the sterile-ingect technique,
However, the experience of these laboratories shows that eradication of the
medfly by thizs technique under suitable conditions and with adequate support
is possible,

3. Having surveyed conditions in the various Mediterranean areas where
the medfly is endemic, it was concluded that an eradication campaign should
be carried cut through a concerted effort, provided this be concentrated

in a single appropriate area. The co-ordination for such a collaborative
effort would have to come from an international organization and the group
agreed this cculd best be done by the Jeint FAO/IAEA Division of Atomic
Energy in Feod and Agriculture. The IOBC/WPRS Group, which originated
this collaborative concept,should play an active role in an advisory capacity
by providing:

Advice on general guidelines of the campaijgn;

Advice on implementation of the programme and selection of specialists;
Expertise on location as required;

FPeriodical meeting to review the progress of the programme and
develop future activities,

4. The review of the medfly situation in the Mediterranean region shows
that it is technrically and economically feasible to achieve eradication of the
medfly in Cyprus, Geographically and environmentally, Cyprus has all

the conditions required to make such a project successfull,

5. The greup vnderstands that the Cyprus Government is interested in
such a project and would be ready to approach an organization such as the
World Bank, the European Communities, etc, for the financial support
needed, The group would sirongly endorse and support such a request
from the Cyprus Government.

! This report reflects the situation before 1974; the project has since been temporatily suspended.
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6. As regards implementation, the group is ready to contribute the exper-
tise of all its memhers. Since this eradication campaign hinges on massive
supplies of sterile medflies, the group suggests that the Cyprus Government
makes a major effort to increase the present level of its medfly production
by expanding the facility of its Agricultural Regearch Institute,

7. The group recognizes that for eradication even with production at maxi-
mum capacity, the Cyprus facility could not meet the requirements in
numbers of sterile medflies. Therefore, the group recommends that the
necessary supplies of sterile medflies be obtained from the other laboratories
in the Mediterranean area, Principal reliance should be on facilities logisti-
cally appropriate; the other facilities would provide emergency sources

and genetic heterogeneity,

8. The group also recommends that Cyprus creates the conditions needed
for successful eradicatlon such as quarantine, appropriate bait spraying
and cultural practices, farmer participation and Government involvement
as required.

9. Success In this internationally co-ordinated campaign of eradication
of the medfly in Cyprus would act as a catalyst for other programmes
requiring international co-operation, Likewise, this would stimulate
support of ongoing or proposed projects. Both these aspects would be
major benefits of this proposal,
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ANNEX I OF APPENDIX I

LABORATORIES INVOLVED IN MEDFLY ACTIVITIES

1. INIA, Madrid, Spain
2. Universita degli Studi, Istituto di Entomologia Agraria, Palermo, Italy.

3. Laboratorio Applicazioni in Agricoltura, CNEN, Casaccia, 00060 Rome
Italy

Fl

4. Centro Regionale Anti-Insetti, Cagliari, Italy
5. Centro 5tudi Provinciale Antimalarice, Latina, Italy
6. Agricultural Research Ingtitute, Nicosia, Cyprus

7. European Communities: Euratom, Common Nuclear Center,
21020 Ispra, Italy

8. Radiobioclogy Depariment, Atomic Energy Authority, Caire, Egypt
8. Ministry of Agriculture, Giza, Egypt

10. Urniversitd degli Studi, Istituto di Entomologia Agraria, Portici,
Napoli, Italy

11, Biolegical Control Institute, Citrus Marketing Board of Israel,
Rehovot, Israel

12, TAEA Entomology Laboratoery, IAEA, Vienna, Austria.
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ANNEX 11 OF APPENDIX II

ADDRESSES OF PARTICIPANTS IN IOBC/WPRS MEDFLY
WORKING GROUP

Dr. R. Cavalloro
Commission of the European Communities,
Ispra, Italy

Dr. G. Cavin
USDA, Federal Center Blg,,
Hyattsville, Maryland 20705, USA

Dr, D, L. Chambers

Insect Attractants, Behavior and Basic Biology Research Laboratory,
USDA, ARS,

P,0O, Box 14565,

Gainesville, Florida 32601, USA

Dr. U, Cirio

Centro di Studi Nucleari della Casaccia,
Comitato Nazionale per 1'Energia Nucleare,
Casella Postale N, 2400,

00100¢ Rome, Italy

Dr. E.J. Harris

USDA, ARS, Western Region Southern California-Hawaii Area,
Hawailian Fruit Flies Lab.,

P.0O. Box 2280,

Honolulu, Hawaii 96804, USA

Dr, L. Mellado

Instituto Nacional de Investigaciones Agrarias,
Avda, Puerta de Hierro,

Madrid 3, Spain

Dr. I. Moore

Joint FAO/IAEA Division of Atomic Energy in Food and Agriculture,
Kérntner Ring 11,

1011 Vienna, Austria

Dr. C, Serghiou

Apgricultural Research Institute,

Ministry of Agriculture and Natural Resources,
Nicosia, Cyprus

Dr. J,.E, Simén F

Centro Regional de Investigacidn Agraria,
La Molina, Apartado 2791,

Lima, Peru



172

10.

11.

APPENDIX 11

Dr. A, Turica

Instituto Nacional de Technologia Agropecuaria,
Centro de Investigaciones en Ciencias Agrondmicas,
C.C. 25, Castelar,

Bueonos Aires, Argentina

Dr. A.M. Wakid
Atomic Energy Establishment,
Cairo, Arab Republic of Egypt
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BOLLER, E.F.

BRNETIC, D,

BUSH, G.L.

CAVALLORO, R.

CAVIN, G,

CHAMBERS, D. L.

CIRIO, U.

ECONOMOPOULOS, AP,

C.5.LR.0O.,

School of Biclogical Sciences,
Unhiversity of Sydney,

Sydney, N.S.W. 2006,
Australia

Swiss Federal Research
Station for Arboriculture,
Viticulture and Horticulture,

Widenswil, Switzerland

Institut za Jadranske Kulture
i Melioraciju Krsa,
Split, Yugoslavia

Dept. of Zoclogy,
University of Texas,
Austin, TX 78712,
United States of America

Commission of the European Communities,
Ispra, Italy

USDA, Federal Center Blg.,
Hyattsville, MD 20705,
United States of America

Insect Atiractants,

Behavior and Basic Biology Research Lab. ,
USDA, ARS,

P.0O. Box 145485,

Gainesville, FL 32601

United States of America

Liaboratorio Applicazioni in Agricolture,
Comitato Nazionale per 1'Energia Nucleare,
Casella Postale N, 2400,

00100 Rome, Italy

Nuclear Research Center ""Democritos',

Aghia Paraskevi,
Attiki, Greece
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ENKERLIN S, D,

FISCHER-COLBRIE, P.

GONZALEZ, R,

HAISCH, A,

HARRIS, E.J,

MELLADO, L.,

REJESUS, R.S.

RUSS, K.

SERGHIOU, C,

SIMON F, J.E.

THEUNISSEN, J.

LIST OF PARTICIPANTS

Instituto Tecnolbgico ¥ de Estudios
Superiores de Monterrey,
Monterrey, N.L., Mexico

Bundesanstalt fiir Pflanzenschutz,
Trunnerstrasse 5,
1020 Vienna, Austria

Plant Production and Protection Divigion,
FAO,
Rome, Italy

Bayerische Landesanstalt filr
Bodenkultur und Fflanzenbau,

Postfach,

8 Miinchen 38,

Federal Republic of Germany

Hawaiian Fruit Flies Lab, ,
USDA, ARS,

P.O. Box 2280,

Honolulu, HI 96804,

United States of America

Instituto Nacional de

Investigaciones Agrarias,
Avda, de Puerta de Hierro,
Madrid 3, Spain

College of Agriculture,

University of The Philippines at
Los Baflos,

College, Laguna, Philippines

Burndesanstalt flir Pflanzenschutz,
Trunnerstrasse 5,
1020 Vienna, Austria

Agricultural Research Institute,

Ministry of Agriculture and
Natural Resources,

Nicosgia, Cyprus

Direccidn General de Investigaciones
Agropecuariasg,

La Molina, Apartado 2791,

Lima, Peru

Institute for Phytopathological Research,
Binnenhaven 12,
Wageningen, The Netherlands
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TSITSIPIS, J, Nuclear Research Center "Democritos',
Aghia Paraskevi,
Attiki, Greece

TURICA, A. Instituto Nacional de Technologfa
Agrapecuaria,
Centro de Investigaciones en
Ciencias Agronémicas,
C.C. 25, Castelar,
Buenos Aires, Argentina

VALLO, V., Institute of Experimental Phytopathology
and Entomology,
Ivanka pri Dunaji,
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WAKID, A, M, Radicbiology Dept. Atomic Energy
Egtablishment,
Caire, Egypt

ZERVAS, G. Nuclear Research Center "Democritos',
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Attiki, Greece

ZIMMERMANN, E. Bundesanstalt fiir Pflanzenschutz,
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1020 Vienna, Austria

PROKOPY, R. Nuclear Research Center "Democritos’,
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Attiki, Greece

International Atomic Energy Agency
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