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FOREWORD

Previcus panels on the application of the sterile-male technique to
insects have resulted in the following Agency publications in the Technical
Reports Series {TRS} and the Panel Proceedings Series (PP5):

TRS 21: Insect population control by the sterile-male technique (1963)
TRS 44: Advances in insect population control by the sterile-male
technique {1565}

PP3: Radiation, radioisotopes and rearing methods in the centrol
of insect pests {1958)

PPS: Control of livestock insect pests by the sterile-male technique
(1968)

PPS: Insect ecology and the sterile-male technique (1969)

PPS: Sterile-male technique for eradication or control of harmful

insects (1969).

The present panel, on the Application of the Sterile-Male Technique for
Control of Insects, with Special Reference to Fruit Flies, was held by the
Joint FAO/TAEA Division of Atomic Energy in Food and Agriculture in
Vienna on 1 -5 September 1969.

Among the many noxious pest species, fruit flies of the family
Tephritidae are specially suitable for control or eradication by means of
the sterile-male technique since they are rather easily reared in great
numbers at a relatively low cost. This explains why more projects have
been set up to prove the feasibility of the technique applied te fruit flies
than for any other group of insect pests, and many developing countries
are planning to examine the practical application of the technigue for some
of their fruit-fly species.

Although a few years ago it was thought that the sterile-male technique
as applied to fruit flies was simple, the Agency's cooperative research
projects in Central America, Italy and Spain have shown that a vast amount
of data cn basic biology and field ecology of sterile and wild fruit flies is
needed before this method of control or eradication can be applied on a
large scale. Some species, such as the Mediterranean fruit fly, the
Mexican fruil fly and others belonging to the genus Anastrepha, and the
melon fly, can be mass-reared at a relatively low cost, but complete
mechanizationhas to be achieved hefore large-scale eradication campaigns
canbe started. For some species, such as the olive fruit fly, mass rearing
remains a problem, and for several other species many of the basic bio—
logical and ecological data, as well as sterilizing dosages, mass-rearing
techniques, ete., are still missing.

The present publication contains the formal papers presented at the
panel meeting {ogether with some short contributions summarizing and
surveying recent work at various centres., Because many of the papers
deal with the Mediterranean fruit fly, these have been pui together in a
separate section. A section setting out a number of general and specific



recommendations is also ineluded. For those working in close touch on
this subject with the Joint FAO/IAEA Division and for scientists in many
countries engaged in fruit-fly eradication or control programs using the
sterile-male technique these recommendations form a very imporiant part
of the book. Theyareintendedto be 2 guide to the Joint Division in planning
the future programs of the Division's Insect Eradication and Pest Control
Section,
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STERILIZATION OF
THE MEDITERRANEAN FRUIT FLY

A review of laboratory data

G.H.S5, HOOPER
International Atomic Energy Agency,
Vienna

Abstract

STERILIZATION OF THE MEDITERRAMEAN FRUIT FLY: A REVIEW OF LABORATORY DATA,

The current status of research on the sterilization of Ceratitis capitata (Wiedemann) is reviewad.
Most of the paper is devoted to gamima radiation induced sterility, but the available information on the
use of nzurrans and chemicals to indnee srerility is also included.

1. INTRODUCTION

In the thirty odd years which have passed since Knipling conceived
the idea of controlling injurious insect species by means of reproductive
sterility, there has been considerable interest in, and research on,
this technique. As work progressed it became very evident that while
the sterile-male technique is attractively simple in theory, it is in fact
very sophisticated, requiring basic data on the biclogy of the insect
being investigated. The agents used to produce sexual sterility, be
they radiations or chemosterilants, are not specific for the reproductive
system, Their effects on other relevani biological characteristics must
be evaluated In order to produce not only a sterile male, but a healthy,
sexually aggressive male.

In this paper an attempt is made to review the current status of
research on the sterilization of the Mediterranean fruit fly, Ceratitis
capiiaia (Wiedemann), under various headings. Most of the paper deals
with sterilization by gamma irradiation, but the available information
on neutron irradiation and chemosterilization is also included.

2. ADULT EMERGENCE AND SURVIVAL

While no emergence cccurred when 5 - 10 krad were given to pupae
5 days before emergence, better than 50% emergence was obtained with
the same dosages given one day later. Once pupae were within 3 days
of emergence, dosages up to 20 krad had no adverse effect {Katiyar (1962),
Katiyar and Valerio (1964a), Feron (1966}, Shoukry (1968)). Beyond
20 krad emergence was progressively decreased and ceased with
dosages greater than 80 krad {(Fig.l).

The survival of flies irradiated at -2 days (i.e. pupae irradiated
2 days before adult emergence} was not reduced by dosages up io
13 krad over a period of 6 - 7 weeks (Kativar (1962)), ILater work from
his laboratory showed that the iongevity of neither sex was adversely
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FIG.1. Percent adult emergence from pupae treated 3 days before emergence with gamma radiation,
(Data from Katlyar and Valerio (1964a)).

.

affected by dosages up to 20 krad (at -3 days). Beyond 20 krad {Fig.2),
mortality progressively increased {Katiyar and Valerio (1964a)). How-
ever, with dosages up to 20 krad applied at -2 days, Keiser
and Schneider (1869b) found that lower dosages (2.5 - 10 krad} increased
female longevity while dosages of 15 and 20 krad decreased male
longevity. On the other hand, Feron {1966) found that a dosage of
15 krad (at -3 to -2 days) caused rapid mortality, particulariy of males
which survived only a few days., Feron also found that while 5 krad had
no adverse effect, increasing the dosage to 10 krad progressively de-
creased longevity. Similarly, Steiner and Christenson (1958) reported
that above §.5 krad mortality of the emergent flies increased.

In the above experiments food and water were provided for the
emerging fliea. Recent studies in Hawaii showed that when deprived
of food and water, newly emerged irradiated flies (10 krad at -2 days)
survived as well as untreated flies. However, after about 50% of the
population had died naturally, there were indications that irradiated
flies withstood food and water deprivation better than did unireated
flies (Keiser and Schneider (1969a, b)).
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On the relationship between age of the pupae when irradiated and
subsequent adult survival, there is only one piece of evidence. Arroyo
et al. {1965a) found that, after 2 dosage of 8 krad, the longevity of adults
was greater when they were irradiated at -3 days than at -4 or -5 days.

3. STERILITY IN MALES

In all the work reportied, male sterility has been assessed by re-
cording the hatch of eggs resuliing from the mating of irradiated males
with untreated females. In C. capitata this criterion of sterilily is ac-
ceptable since Feron (1966) found that no mortality occurred after
larval eclosion.

All workers have found that the degree of sterility produced in
males is proportional, though not linearly, to dosage (e.g. Steiner and
Christenson {1956), Kafiyar and Ramirez (1968)). This situation is
ltustrated in Fig.3 with data from Katiyar (1862) and Katiyar and
Ramirez (1969). Once sterility of approximately 85% is achieved, large
increases in dosage are required to preduce relatively small increases
in sterility.

With respect to pupal age at irradiation, Katiyar and Valerio (1864a)
found little difference in sterility between males irradiated at -1, -2 or
-3 days. While this is certainly true for dosages of 7.5 and 10 krad,
there is the suggestion iIn their data that at 5 krad the degree of sterility
decreased as the time of irradiation approached the end of pupal life.

In Table I an attempt has been made to summarize dosage-sterility
data in the literature. There is fairly good agreement that to ensure
egg hatch of less than 0.5% a dosage of about 10 krad is required.

TABLE I. STERILITY OF MALE C. capitata INDUCED BY GAMMA
RADIATION

Sterility was agsessed by hatch of eggs resulting froin the cross-
irradiated male X untreated female

Age at which mates irradisted | Dosage {lrad) required for sterility equal to,
or better than: Reference
(days) 8% 99, 5
-2 7 10 Kariyar {1962}
-1 5 10 Kartiyar & Valerio (I1964a)
-2 7.5 10 " i "
-3 7.5 10 " " -
-2 7 10 Feron (1966)
-2 10 -8 4 8 Shoukyy (1968)
-1 g 9 Schertiey & Haisch (1968)
-2 T i1 Hooper (enpublished data)
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It has been reported from Hawaii that dosages of 8.4 krad or lower
permitied a substantial increase in fertility in males after 30 - 50 days
(Steiner and Christenson (1956), Steiner et al. {1362)). However, these
papers deal with two other Tephritid species as well as C. capitata and
it is not clear whetiher the above conclusion is true of all three species.

Feron (1966) claimed an occasional recovery of fertility, based on
egg hatch, in males after 20 - 25 days on the basis of resulis from a
64 : 1 ratio test involving males treated with 8 krad ai -3 io -2 days.
However, his data could equally well be explained by (a) higher mortality
of ireated than unireated males or (b) sperm depletion in the treated
males, In both gituations an increase in effective matings of females
by untreated males would occur which would lead to increased egg hatch.
Furthermore, recovery of fertility should not be assessed in a competi-
tion test.

The data of Arroyo et al. (1965a) are confusing. Whiist these
authors state in their discussion that egg haich increased after about
2 weeks, following treatment of males with 10 and 15 krad {at -4 days),
in the appropriate tables presenting the resulils it is specifically staied
that no egg hatch occurred during the eéxperiment.

Katiyar's group has not reported any loss of sterility in males and
none of our work suggests that recovery of fertility occurs (Hooper,
unpublished data). Histological studies by Causse et ai. (1968) argue
against the recovery of fertility in irradiated males noied above. It
was found that at 4 and 5 krad {given at -2 days) the whole of the apical
region of the follicles was disorganized in individuals aged 4 days.

One month after a dosage of 9 krad the testes were atrophied.

4. STERILITY IN FEMALES

Female C. capitata are more sensitive to gamma radiation than
males [Feron and Serment (1963) stated the reverse but this was
obviously an error as their own later work {Feron (1966)) showed].

The increased sensitiviiy of the female may be explained by the fact
that the pvaries show little development in 8-day-old pupae whereas
in males, spermatogenesis is well advanced and all developmental
stapges are present (Causse et al, (1968}).

Females irradiated at -3 to -1 days produced eggs after dosages
of 1 and 2 krad. At 3 krad egg production was irregular and above
4 krad very few if any eggs were produced {Katiyar (1962), Feron (1966),
Shoukry (1968)). However, Steiner etal. (1862) found that at a dosage
of 8.5 krad females did produce some fertile egga, and Katiyar and
Valerio (1864a) reported that 7.5 krad (at -1 day) allowed some egg
production. We have found that females irradiated with dosages as
high ag 13 krad {at -2 days) produced a few eggs (Hooper, unpublished
data} but none hatched. Since it iz hatched eggs which are of importance
in a sterile-ingect release experiment, this phenomenon is of little
practical importance,

Feron (1966) found that the haich of eggs produced by females given
1, 2 and 3 krad (at -3 to -2 days) was reduced; the corrected egg hatch
was 65, 56 and 15% respectively. In an admitiedly limited test we found
no reduction in egg hatch at 1 and 2 krad (Hooper, unpublished data).
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As pupal development proceeds higher dosages are required to
produce infecundity. Thus Katiyar and Valerio (1964a) found that while
5 krad at -2 days produced infecundity, one day later 10 krad was
required.

It ig not unequivocally resolved whether the fecundity of an un-
treated female is lowered after mating with an irradiated male. Re-
ferring to the work of Steiner and Christenson (1956), Lindquist (1963)
stated that fecundity was decreased. Arroyo et al. (1965a, b} made
gimilar observations. On the other hand, the present author (Hooper,
unpublished data} found no differences in the mean female fecundity,
over a period of 11 days, following the mating of untreaied females
with males treated with 7, 5, 9, 10 or 12 krad at -2 days.

5. EFFECT OF IRRADIATION ON MATING CHARACTERISTICS

{a) Male competitiveness

Apart from the induction of an acceptable degree of sterility, it is
of the utmost importance that the irradiated male be as sexually com-
petitive, vis-d-vis the wild male, as possible. In the laboratory the
competitiveness of the treated male is compared with that of the un-
treated male. This is not the same thing, but is as much as is usually
possible,

As a generalization it can be said that competitiveness of the male
is inversely proportional to dosage (Steiner and Christenson (1956))
and directly proportional to age of the pupa when irradiated
{Katiyar et al. (1968)).

Competitiveness has been evaluaied in three ways: (i)} by comparing
the number of observed matings, (ii) by comparing the number of
females inseminated, and (iii) by ratio tests.

On the basis of observed matings, no differences could be detected
between §- and 8-krad-ireated males and unireated males over five
consecutive matings (Feron {1866)). Steiner et al. (1962) similarly
state that at maturity 10- to 12-krad-treated males are fully competitive.
Katiyar and Ramirez (1968) found little or no reduction in competitiveness
of 6-, 8- and 10-krad-ireated males.

However, when competitiveness is asgessed on sperm transfer,

& diiferent picture emerges. Both Katiyar and Valerio (1964a) and
Steiner et al. (1962) found that at 10 krad treated males were only about
50% effective and the latter authors further found that the amount of
sperm iransferred by treated males was below normal. The competi-
tiveness, and sperm complement, increased as the time of irradia-
tion approached adult eclosion. Males irradiated at -1 day, while only
haif as competitive as untreated mates, were almost § times as com-
petitive as males treated at -3 days (Katiyar et al. (1966)).

In laboratory ratio tests, although the degree of egg sterility is
proportional to the ratio of irradiated to untreated males {Steiner and
Christenson (1856)) the actual sterility at any given ratio iz always
less than the theoretical sterility. Within the range 2:1to 9:1 (ir-
radiated males : untreated male) the data of Katiyar and Valerio (1964a)
indicate {hat the competitiveness of 10-krad-treated males was about 50%
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that of untreated maies. To achieve an egg hatch of less than 5%, over-
flooding ratios of 40:1 (Katiyar and Ramirez (1969)) to 64:1 (Feron (1966))
have been reported.

In large cage tests in Hawali, a ratio of 10: 1 prevented population in-
creage, while a 20 :1 ratio gave up to 92% suppression of the population
in two generations (Steiner et al. {1862}). In a field test on caged
coffee treeg in Ceniral America, Katiyar and Ramirez {1868) obtained
an egg hatch (based on eggs from mature coffee barries) of 3% with an
80: 1 ratio compared with 98% in the control over an §-week period.,

{b} Female polygamy

Whilst polygamy of females does not invalidate the sterile-male
technique, this characteristic does necessitate the study of aspects of
mating which are not important in the case of monogamous females.

In polygamous species, not only the treated males but also their sperms
musgt be competitive. Secondly, it should be determined whether or not
the female preferentially utilizes spermse from her first or second
mating. These factors, in the presence of both sierile and fertile
males, agsume importance when the sequence of mating is considered.

Although one mating is sufficient to ensure good egg fertility for
3 -4 weeks (Katiyar and Ramirez {1969)), females of C. capitata are
polygamous, although to a limited degree. For example, in alternate
mating experiments, only 15% of females mated with untreated males
if they had mated 7 days earlier with a sterile male, and only 8% mated
with a sterile male if they had mated earlier with a normal male
(Katiyar et al. (1966)). In a further experiment the respective figures
were 21% and 12% (Katiyar and Ramirez (1969)). These data suggest
either that copulation with a sterile male does not satisfy a female's
mating requirement as adequately as copulation with a fertile male, or
that the fertile males are more aggressive. Since we have already noted
that, on the basis of observed copulations, treated males did not appear
inferior to untreated males perhaps there is some truth in both
explanations.

The first work on alternate matings was reported by Steiner and
Christenson (1556). They found that a sexually mature, sterile male
reguired exclusive access to a female for about 10 days to effectively
prevent subsequent fertilization by untreated males. Conversely, they
found that the sierile male was unable to substantially reduce the
fertility of a female previously mated with an untreated male. This
conclegion is not supported by more recent work {Kativar and Valerio
(1964a, b), Katiyar et al. (1968), Katiyar and Ramirez {1969), which
did, however, show that the change in egg hatch which occurred when a
gecond mating with a fertile male followed a mating with a sterile male
was much greater than when the reverse mating sequence was allowed.
An example from Katiyar et al, (1986) will illustrate this. A fertile
mating following a sterile mating changed the corrected egg hatch from
2% to 87%, while a change from 100% to 43% resulted when a sterile
mating followed a fertile mating. This suggests that sperms of ir-
radiated males are not as competitive as those from untreated males
or that sterile males transfer fewer sperms.



10 HOOPER

6. DOSAGE CHARACTERISTICS

It appears that the energy of the gamrma radiation used to induce
sterility does not affect the degree of sterility induced by a given
dosage. Resulis obiained with 137¢a (4 energy 0.66 MeV) were essentially
the same as those obtained with %°Co (v energy 1.17 + 1.33 MeV)

(Katiyar (1962), Katiyar and Valerio (1964a)).

Similarly, dose rate seems to be unimportant. The data in Table 1
were obtained with dose rates ranging from 2.4 krad/min to 9.2 krad/min
for 6°Co and from 75 rad/min to 1 krad/min for ¥'Cs. The Hawaiian
workers found no difference in results obtained with 7 rad/min and
1 krad/min (Steiner and Christenson (1956), Steiner et al. (1862)).

Unfortunately there are no data on the effect of fractionation of the
dosage. Arroyo et al. (1965b) initiated such a study, but, apart from
the fact that no egg hatch was obtained from any treatment, their
trial design was such that an evaluation of the effect of fractionation
would not have been possible.

7. NEUTRON IRRADIATION

The only work with neutron irradiation has been conducted by Causse
et al. (1968). All irradiations were given to pupae 2 days before adult
emergence. With gamma radiation, a dosage of 10 krad was necessary
for almast total sterility in males but with neuntrons 1.25 krad gave a
sterility of 0.3%. Thus the relative blological effeci{iveness of neutrans
is about 8 times that of gamma radiation. An R.B.E. value of about
5 is obtained when the effect on female fecundity is considered.

However, while emergence of adults was not affected by neuiron
irradiation of up to 1.25 krad, this dosage markedly reduced the
longevity of males. The longevity of females was only slightly reduced.

8. CHEMOSTERILIZATION

Keiser et al. (1965) administered tepa, apholate, metepa and
tretamine to pupae and adults of C. capitata in a variety of ways. All
chernicals successfully sterilized both sexes, although higher concentra-
tions were required for females than males. This gexual difference
in susceptibility has been noted by Orphanidis (1963) and Orphanidis et al.
(1963), who also found that apholate, metepa and tepa, administered
orally, gave good sterility which persisted for at least 14 days. The
only other data found on chemogterilization was from Germany where
metepa was found effective (Scherney and Haisch (1868)).

9. CONCLUSIONS

In this paper I have carefully avoided ascribing the sterility pro-
duced in the males to dominant lethal mutations. Whilst it is probably
true that dominant lethal mutations are induced in the gametes, no
eytological evidence has been produced to prove this point. I think
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there is an indication, from the alternate mating experiments, thata

degree of sperm inactivation may be involved, and certainly aspermia
becomes an Important factor as the irradiated males age. In females

the most immportant cause of sterility is infecundity.

It would appear that for the current field suppression experiments
with C. capitata, the criterion for the selection of the pupal irradia-
tion dosage has been primarily, if not solely, based on the degree of
gterility produced in males. This has been assessed from crosses
between irradiated males and untreated females. Overfleoding ratios
then have been increased to compensate for the lack of competitiveness
of the treated males. Recent work, by ourselves and by Dr. Katiyar
{gee the paper in these Proceedings by Hooper and Nadel and the short
contribution by Katiyar and Ramirez), suggests that we may be better
off adopting a lower dosage than currently used. Whilst this lower
dosage will give a somewhat lower level of sterility, in the long term
this may be compensated by increased competitiveness of the males
with a consequent reduction on the overflooding ratio.

It is in the area of competitiveness and mating behaviour of the
male that I think more work iz needed. Firstly, in the light of the
commentis above, reasonably large-scale experiments to test the inter-
action between irradiation dosage and competitiveness should yield
useful information. Secondly, depending on whether the act of copula-
tion or sperm transfer has been used as the criterion, it has been
noted above that different evaluations of competitiveness have been
obtained. More experimental work is needed to reconcile these two
evaluations., Finally, there seems to be a dearth of information on how
often, and how freguently, a male will mate.
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CURRENT MASS-REARING TECHNIQUES
FOR THE MEDITERRANEAN FRUIT FLY

D.l. NADEL
International Atomic Energy Agency,
Vienna

Abstract

CURRENT MASS-REARING TECHNEJIES FOR THE MEDITERRANEAN FRUIT FLY.

Techniques employed by 2 number of laboratortes which are mass-rearing Ceratitis capizata
{Wiedemann) are reviewed. The aspects covered inclnde egg production, larval media, collection of
larvae and pupae, and handiing of pupae.

INTRODUCTION

In the past decade the Mediterranean fruit fly (medfly), Ceratitis
capitata (Wiedemann), has gained world-wide recognition as a valuable
research insect in entomology. This recognition can be attributed to the
relative ease with which this highly adaptable insect can now be mass-
produced. The stimulus for the mass production of medfly came from the
need for large numbers of experimental flies for sterile-insect release
programs, for laboratory hosts for mass rearing of larval parasites of the
alive fly, Dacus oleae (Gmelin), and for laboratory research programs which
require large numbers of insects (ag in development of fly attractants),

With the medfiy's trait of extreme adaptability to insectary conditions
and taking into account the ever-increasing numbers of laboratories involved
in medfly research and production, it would be difficult, if not impossible,
o report on all rearing techniques now employed.

The purpose of this report is io swnmmarize and compare rearing
methods in the following insectaries where production of over one million
pupae per day has been reached:

{1} USDA Fruit Fly Laboratory, Honolulu, Hawaii

(2) OIRSA, UN Special Fund, IAEA, Szn José, Costa Rica

(3) Institute of Agriculiural Entomology, University of Palermo, Sicily

(4) IAEA Entomology Laboratory, Seibersdorf, Austria.

LARVAL DIET

Table I indicates the adaptability of medfly larvae to diets of differing
textures and ingredients. Sodium benzoate, Nipagin, sugar, brewer's yeast
{or torula yeast), HCl and tap water are common to gll the diets (with the
one exception that Nipagin is omitted from the Palermo diet).

Diet texture, bulk and additional nourishment are provided by the
addition of wheat shorts, Gelgard M and middlings in the Hawaiian diets;
wheat germ and bagasse in the San José diet; wheat bran in the Seibersdorf
diet; and lucerne grass powder plus crushed straw in the Palermo diet,
The inclusion of the latter four ingredients is a good example of adaptation
of rearing methods to local conditions, resulting in more economic
production.
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OVIPOSITION CAGES

Medily oviposgition cages used in mass-rearing programs range from
60 X 60 X80 cm (Palermo) to 200 X140 X40 cm (San José). With the
exception of the new Seibersdorf cage which is cylindrical, all the cages
are of rectanguiar shape.

Oviposition sites provided are of two basic types: the perforated plastic
tube {Hawaii) or the perforated plastic tunnel (Palermo), and the synthetic
cloth sereen (San José and Seibersdorf), The collection of eggs from trays
of water set beneath the oviposition unit where synthetic cloth is utilized is
less time-consuming and more readily adaptable to automation than
collection from the perforated-iube site. However, where oviposition is
through the synthetic cloth, eggs tend to stick to the walls of the cage as
the resting flies dirty the cloth material.

Water is usually provided by agar cakes consisting of 0, 75 to 1, 0% in
water, Food usually consists of a mixture of 1 part yeast hydrolysate
(i. e. N. B, C. or acceptable substitute) to 3 - 5 parts sugar., In Hawaii the
yeast is presented separately from the sugar.

The cylindrical cloth cage (Fig, 1} developed at Seibersdorf permits the
fullest use of the room height, and the 70% terylene : 30% cotton material,
with its smooth finigh and 16 meshfem, permits good aeration and visibility.
The flies lay eggs through the total height and eircumference of the cloth
cage sides,

EGG COLLECTING AND HANDLING

Eggs are collected once daily and usually seeded on the larval diet after
volumetric meassurement {egtimates run from 20000 - 25000 eggs per ml).
The USDA Laboratory in Hawaii hag developed an accurate and efficient
method of egg seeding, whereby the eggs are held with some water in catsup
digpensers and apportioned into small plastic tubes closed on the lower end
by squares of organdy cloth., The cloths and plastic tubes are held upright
by insertion into appropriately sized holes drilled in a board, Afier the
water has drained through the organdy cloth slight adjustment is made to the
level of the eggs in the tube to ensure equal egg distribution on the medium,
By lifting the plastic tube the eggs fall onto the organdy cloth which is then
inverted and the eggs are smeared on the larval diet,

COLLECTION OF MATURE LARVAE

In Hawaii, mature larvae are collected by two methods {see also Table I):
"waghing'' and "popping'. In the washing method initial popping of mature
larvae begins and these larvae are collected in moist vermiculite, The
remaining larvae are collected by washing the diet through an appropriately
sized sieve, The larvae thus collected are transferred to a cement mixer
containing moist vermiculite and mixed for 5 minutes,

All the other laboratories use the "pop" method exclusively, In this
technique the mature larvae leave the medium by crawling and popping off
the sides of the gtacked larval medium trays and fall into collecting boxes
set helow the rearing unit, An inieresting adaptation of the method was
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FIG. 1. Cylindrical oviposition cages at Seibersdorf.
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developed in S5an José where the trays with maturing larvae are inverted
onto hardware gcreening and the larvaé fall from the medium onto guide
boards, which direct them to the collecting box below,

It would seem that the simplest and most convenient collection method
is simply to allow the maturing larvae to leave the tray and fall into
collecting boxes, aspractised at Seibersdoxf, provided that high humidity
can be maintained in the rearing cabinets or room (larvae will pupate in
dried-out medium in the larval rearing tray). Sawdusgt (San José&}, granular
river sand (Sicily) and fine bran (Seibersdorf) are used as pupation media;
these materials are presented dry to the popping larvae,

PUPAL HANDLING

In Hawaii pupae are held in the moistened vermiculite for at least 4 days.
Separation is by means of a continnous-flow sifter and the naked pupae are
spread about 1 ¢cm deep in screen-bottomed trays. At Seibersdorf pupae
have been separated from the bran medium as early as 24 hours after
collection without affecting eclosion. However, separation is usually on
the 3rd or 4th day after collection.
ROOM ENVIRONMENT

Conditions in the rooms should be as follows:

(1) Oviposition room

{a) Temperature: 25 - 27°C i= considered satisfactory.

(b) Relative humidity: Extremes of relative humidity can be harmful
to the acdults, especially in regard to food availability. Over-dry
conditions may make the yeasi-sucrose combination too hard and
crusty. Conversely, high humidity may turn the food into a
sticky trap for ihe feeding flies,

{2) Larval rearing room

(2) Temperature: In Hawaii cultures of both the washing and popping
diets are held at 27 1 2°C for 5 days after seeding and then trans-
ferred to 20 + 2°C for the remaining 2 - 4 days to prevent over-
heating in the wooden rearing cabinets. At Seibersdorf we have
discontinued using closed cabinets in favour of an open rearing
system set on a continuous overhead rail. With room temper-
atures held at 25 - 27C trays do not overheat.

(b) Relative humidity: In closed cabinets high relative humidities
ensure good larval hatch even when humidity in the rearing room
is low. However, unless facilities are available for cooling the
cabineis at the end of the production cycle, overheating accompa-
nied by premature popping and high larval and/or pupal mortality
may result. In open rearing systems (as practised at Seibers-
dorf) room humidity must remain high (around 80%) to avoid egg
desiccation and drying out of the larval medium. One solution to



18 NADEL

ensure proper conditions for the hatching larvae is to enclose
the freshly loaded rearing unit in plastic sheeting for 3 days until
hatch is complete,

(c) Lighting: Continuous lighting is used in oviposition rooms
except in San José, where a 16-hour light period is used, Where
rectangular cages are employed it is especially importani that
light intensities be equal on all screened surfaces, to aveid
"pile-up' and loss of the adult fly stock, This problem is
avoided with the eylindrical cloth cage. The flies predominate
where light intensity is greatest but there is no critical pile-up.

Exclusion of Drosophila spp.

Drosophila spp. are notorious pests in medfly cultures. The best
control seems to be to take extreme care to exclude Drogophila from the
larval rearing units while loading is underway. We were able to reduce and
control a critical infestation of Drogophils in the summer of 1969 by
designing and fitting a 100% leak-proof netting on each larval rearing unit.
Before unit loading, the walls and ceiling and the unit itself were sprayed
with watér. This forced those Drosophila not drowned to find dry resting
areas some distance from the unit., After loading and sealing the unit, indi-
vidual Drosophila that appeared were killed as they rested on the inside of
the netting.

FACTORS LIMITING EFFICIENT PRODUCTION

The following points indicate some factors that limit efficient production:

Methods and materials used with success and economy in one region
may not be applicable elsewhere because of supply limitations or
high cost.

Production set-ups in “temporary' buildings not designed for insectary
purposes can be very inefficient,

Budgetary limitations, the pressure to adapt existing materials, such
as oviposition cages, to mass rearing, are self-defeating and limit
the development of highly efficient and economical production.

Quality control of food supplies should be run before supplies of proven
materials run short.
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Abstract

METHODS OF MASS REARING THE MEDITERRANEAN FRUIT FLY CURRENTLY USED BY THE U, 5,
DEPARTMENT OF AGRICULTURE.

Recent imnprovements in the methods of rearing the Mediterranean fruit fly, Ceratitis capitata (Wiedemann)
{including equipment, techniques, and diets) have resulted in lower costs and easier handling, Some
specific changes are: the substitution of milled wheat for dehydrated carrot powder; the addition of 2
water-binding agent to the larval dier; and the development of semiautomated methods of collecting larvae
and pupae,

Mitchell et al.l (1965} described a low~cost method of rearing the
Mediterranean fruit fly, Ceratitis capifata (Wiedemann), that was then in
use by the U. 8. Department of Agriculture, However, since 1965,
researchers have been able to make several modifications and improvements
to this method including the development of a larval diet containing milled
wheat ins{ead of dehydrated powdered carrot. This report deseribes the
current rearing metheds used by the U. 8. Department of Agriculture and
the changes that have been made since 1865, KEach phase of rearing is
discussed separately.

ADULTS

About 30 000 aduit flies are housed in each 30.5 X 61.0 X121.0-cm
cage made of 0. 95-cm plywood with 16-mesh per 2, 54-cm screening at
the top and upper 17. 8 cm of each side, The five circular openings on
each side of the cage receive the egg receptacles when they are inserted.
Cages are stacked 4 high on a movable base with 10. 2 cm between each
cage.

The aduits are held at a temperature of 27, 0 £ 2°C and a relative
hurmidity of 50-70% for 3 weeks after eclosion, Light is provided by
8-ft, 80-W fluorescent lights affixed to an 8-fi-high ceiling above the

cages.

1 MITCHELL, 8,, TANAKA, M., STEINER, L.F. (1965), Methods of mass culturing melon flies and
orental and Mediterranean fruit flies, U1, 5. Dept, of Agriculture ARS 33-104, 22 pp.
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The components of the adult diet, 453 g of granulated sugar and
226 g of enzymatic yeast hydrolysate (Nutritional Biochemical Corp. )}, are
placed separately on the cage floor. Water is provided by pouring 0.75%
agar in water (by weight), a development of A. Peleg in Costa Rica, into
7.6 X 30.5-cm pleated polyethylene hags, allowing it to solidify, and
offering it to the flies from the outside top of the cage after one side of the
bag has been cut open, Two bags each containing 600 m} of agar-water
are placed on each cage each week, The enzymatic yeast hydrolysate (NBC)
which costs 2 US dollars per pound is a temporary replacement for the
cheaper Type M® (Standard Brands, Inc.) which is no longer manufactured.
However, tests now underway indicate that Amber BHY Series 100(®)
(Amber Laboratories) which costs 61 US cents per pound is comparable to
the NBC yeast hydrolysate.

EGG COLLECTING

Eggs are collected three or more times per week starting 4 days after
adult emergence. A 2.5 X 2.5 X5-cm cellulose sponge iz placed in a
‘container perforated with abouf 300 holes of 0. 3 mm diameter. The sponge
is saturated with tap water to provide the ovipositional stimulus and to
prevent the eggs from desiccating, Eggs are collecied by inserting the
container into the openings at the sides of the cages and leaving them
there for 18-20 hours. Then the containers are removed, and the eggs,
are washed under running water into a net from which they are transferred
to a polyethylene squeeze-bottle.

EGG CALIBRATION

Tubes made from 3-dram plastic vials (cut off at the bottorn) that
will hold a volume of 6 ml (150000 eggs) and a 30.5 X 81.0 X 0,95-cm
board containing 32 2, 5-cm-diam. holes are used to apportion the eggs
held in the squeeze-bottle. First, a 7. 6-cm organdy square is placed
under each tube, and the cloth and tube are inserted into the holes on the
hoard; then the tubes are filled with eggs. The water drains through the
organdy, the eggs are levelled, and any excess eggs are removed with
a carmel! s~-hair brush. The eggs are transferred tec the organdy square
by lifting the tube.

Unhatched eggs are seeded onto larval diet soon after they are
apportioned. Periodic checks on egg hateh are made by placing samples
on a moist hlotter held ina Petri dish and recording the number hatched.

LARVAL DIET

Two diets are available. One is used when the larvae are o be re-
covered by washing them from the spent medium in a sieve under running
water {washing method}. The second is used when larvae are to be
recovered by allowing them to leave the diet ad libitum (popping method).
In the first diet, wheat middlings {also referred to as '"red dog') and
wheat shorts are used at a ratio of about 4:1 to permit rapid passage of



MEDFLY MASS REARING 21

TABLE i. COMPOSITION OF THE TWQ DIETS

ugredients (;a:ymwiiiﬁt) (;’iihfefgi)
Sodium henzoate 6.1 0.1
Nipagin ® {methyl=-para -hydroxybenzcate) 0.1 0.1
Granulated sugar 12.4 12,4
Drried torula yeast {Type 200) 3.1 a1
HCI {concentrated) 0.g 0.9
Wheat shorts 5.0 17.8
Gelgard M@(moismre. control agent) 0.8 0.8
MiddMnogs i7.8 None
Tap water 59.8 64.8

Mote: The prepared diets should have a pH of 4.5,

the spent diet through the sieve when the larvae are washed out., The
shoris give the diet a {exiure that is manageable when it is dispensed into
the rearing trays. The second diet, which has no middlings, is wetter than
the first., The formulas for the two diets are given in Table L

MIXING PROCEDURE
The mixing procedure is as follows:

() With a 127-lifre capacity concrete mixer, cold-mix water,
pregervalives, granulated sugar, and torula yeast for about 5 min,

{2) Add HC1 and mix thoroughly.

(3) For the washing diet, blend together Gelgard M and shorts, add
mixture to above, and mix until clumps disappear. For the popping diet,
blend Gelgard M with one half of the required sharts.

(4) For the washing diet, add middlings and mix until smooth con-
sistency is attained. For the popping diet, do the same with the remaining
shorts,

WASHING METHOD OF RECOVERING LARVAR

Twenty rearing irays are stacked ineachhalfofa182.9 X 91.4 X 91, 4-em
wooden cabinet that is partitioned at the centre with fine lumite screening
and has doors on two sides. The larvae mature 6 days after the eggs are
seeded and begin to leave the diet (pop). Popped larvae {usually 20to 40%
of the total) drop to the bottom of the cabinet which contains 18 litres of
moist {6 to 20% water) vermiculite; the mixture of larvae and vermiculite
is transferred to holding boxes,
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The trays containing the larvae that have remained in the diet are
-emptied into a 200-litre vai, 10 trays at a2 time, and contents of the vatl are
diluted with water. The resultant slurry drains inte 18-mesh per 2,54-cm
sieves through a 3.8l-cm valve at the bottom of the vat and is washed in
the sieves under running water. Washed larvae are placed in a bucket
(held with some water until the bucket is filled); then they are poured into
a cloth bag so that the excess water can drain off, and transferred to a
cement mixer containing moist (5 to 20% water) vermiculite at a ratio of
1 litre of larvae to 6.0 litres of vermiculiie, After the concrete mixer
has been operated for aboui 5 min, the mixture is transferred to a hopper
which has an opening at the bottom that is fitted with a denim sleeve. The
hopper is raised on a hoist, and 7.0 litres each of the mixiure is dispensed
through the sleeve into 15,2 X 30,5 X 45. 7-cm fibreglass stackable boxes.
As many as 2, 0 million larvae are recovered from 20 frays.

POPPING METHOD OF RECOVERING LARVAE

A 391,2 X71.2% X15.2-cm galvanized pan with a 2. 8-cm drain at the
corner of one end is placed on a 365, 8 X 61.0 X 45. T-cm wooden platform
with casters which has a 2. 5~cm inclination lengthwise. The drain rests
on the low end of the platform. Then four stacks of 25 trays each are
placed lengthwise on a 320.0 X 35.6 X 17, 8~cm stand of 1, 8-cm galvanized
pipe that is inclined 2, 5 em with the low end opposite that of the platform.
A 381.0 X81.0 X180.0-cm lumite sereen enclosure on a wooden frame
with 7.6-cm legs of 0.3 X 2, 5-cm aluminium angle iron rests inside the
galvanized pan. One day before the larvae begin to pop, the galvanized pan
is filled with water to a depth of 2.5 cm. The popping larvae drop into the
water and are drained into a cloth bag and mixed with vermiculite, The
subsequent procedure is similar to that described for the washing method.
Larvae are recovered from the water twice per day. (No adverse eifecis
have been noted in larvae held as much as 24 hours in water.) About 90%
of all recovered larvae pop in 3 days, and ahout 5% pupate within the diet.

Cultures in both diets are held at a temperature of 27 + 2°C for § days
after egg set and are then transferred o a temperature of 20 * 2°C for
% days (washing diet) or 4 days (popping diet) to prevent overheating,

PUPAL HANDLING

Pupae are sifted not earlier than 4 days after pupation in a 30. 5-cm-
diam. X 243~cm open-end, continuous-flow sifter made of 16-mesh per
2, 5~em screen. The sifter is mounted to a 3 h. p. motor and rotates at
18 rev/min. Two litres of the sifted pupae are each placed in
50.8 X 50.8 X 2.5-cm (inside dimensions) screen-bottomed trays and spread
aboui 1 em deep.

The trays are stored and kept in stacks (separated by 5.1-cm cleats).
If the pupae are now exposed {o a temperature of 20°C, the development
is slowed to hzlf the rate for a temperature of 27°C, Therefore, pupae
of varying ages can be produced by manipulating the temperature.
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SANITATION

Adult cages, larval cabinets, and rearing trays are washed in hot
water (82°C).
PRODUCTION COST

Material cost per million pupae is estimated as 10 US dollars, This

amount includes the cost of the protein fed to the adults, the cost of the
ingredients for the larval diet, and the cost of vther expendable items,

SPACE AND PERSONNEL REQUIREMENTS

It is estimated that =ix to cight experienced workers in a properly
equipped building of about 270 m?2 could rear 60 million Mediterranean
fruit flies per week by using these techniques,

Note

Mention of a proprielary product in this paper does not constitute an
endorsement of this product by the . 8. Department of Agriculture.
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Abstract

PHY SIOLOGY OF THE MEDITERRANEAN FRUIT FLY IN RELATION TO THE STERILE-MALFE TECHNIQUE.

The resulis of several workers indicate tha the environment can affect the composition or extent of
nutritional reserves in the pupze of the Mediterranean fruit fly, Ceratitis capitata (Wicdemann). However,
there is no information in the literature on this subject. This is unfortunate since the maritional status of
the mature 3rd instar larve determines the survival potential of the insect Juring metamorphosis, and until
the emergent adult can obtzin and digest its own food,

We have shown that the temperatures to which the pupae are subjected affect the extent of fat reserves
in the emergent adnits. Incubation above 25°C for the whole of pupze life lowers these reserves significantly,
Measurements of respiratory queotient indicate that fat is the main energy reserve during pupal development
and the total amount of oxygen consumed is in reasenable agreement with this when compared to the total
amount of far consumed, Similar measurements on itewly emerged, unfed adults, indicate that both car-
bohydrate and fat are wsed as energy sources.

Thus any treatment which tends to accelerate the consumption of reserves in the pupa without a cor-
responding acceleration in developmesttal rate must affect the survival potential of emergent adults. A study
of the physiclogical relationships of the Mediterranean fruit fly to its environment in quantitative terms is
essential to the correet imerpretation of much of the highly successful empirical work on mass rearing and
the sterila~male techoique as applied to this insect,

INTRODUCTION

In the Preface to the first edition of " The Principles of Insect Physio-
logy" in 1839, V.B. Wigglesworth wrote: "The physiclogy of insects is
io some the handmaid of economic entomology..., The rational application
of control measures .... is often dependent on a knowledge of the physiology
of the insect in question. Physiology may thus serve to rationalize existing
procedures, or to discover the weak spots in the ecological armour of a
species. A knowledge of the ecclogy of a species iIs always necessary to
its effective conirol; its ecology can be properly understood only when its
physiclogy is kmown."

Insect physioclogy can only be studied if a regular supply of research
material is available. This poses no problem when an insect is mass-
reared for the application of the sterile-male technique. However, the
steps involved in solving physiological problems are not always meaning-
ful to authorities financing research which is directed at insect pest con-
trol. Thus it is not surprising to find that most of our knowledge of the
physiology of fruil flies relates only to Drosophila species, which are easily
reared in sufficient numbers to supply the needs of the physiologist, in
universities and other academic institutions,

# Present address: Tsetse Research Laboratory, Dept. of Veterinary Medicine, University of Bristol,
Langford House, Langford, Bristol, United Kingdom.
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The development of artificial diets and mass-rearing techniques for
the Mediterranean fruit fly {(medfly}, Ceratitis capitata (Wiedemann), has been
almost entirely empirical and highly successful. The definition of optimal
rearing conditions has been based on the number of viable pupae obtained for
a given number of eggs. It is my purpose to show how a knowledge of medfly
physiology will influence decisions on optimal rearing conditions, and how
it may alter the definition of !'quality' as applied to emergent adulis.

The effect of temperature upon developmential processes is not always
the same as that upon utilization of energy reserves. Hence there is often
a temperature at which development proceeds with the minimum expenditure
of energy (Keister and Buck (1964)), This temperature is not necessarily
the optimum as far as survival or speed of development is concerned. It
iz the temperature of greatest !'developmental efficiency’. Neither is it
always a constant temperature; fluctuating temperatures about a mean
are superior in some insects (Keister and Buck (1964)).

The effect of humidity upon developmental processes will depend on
the ability of the insect to regulate its water balance (Bursell (1964)}, while
light will influence development in those insects where diurnal rhythms are
known to exist.

THE LARVA

Under natural conditions the medfly larva is not affected by light or
humidity while it is enclosed in its food medium, Temperature, however,
is imporiant.

The purpose of the larval stage is to provide the necessary nutritional
reserves, [or metamorphosis within the puparium, and fo provide energy
for the emergent fly until it can find food of its own. '

The gain in developmental rate from 27°C to 32°C is equal to that from
24°C {o 27°C; one or more stages develop most rapidly at about 32°C, and
temperatures above 32°C are harmful (Mitchell, Tanaka and Steiner, 1965).
If the temperature of the larval medium rises too high, larvae tend to leave
it prematurely, with consequent formation of small pupae and increased
mortality (Nadel, personal communication). However, Myburgh (1863)
states that high temperatures (30°C) inhibit emergence of larvae from
infested fruit (in this case peaches), and there can be a delay of 2 or 3 weeks
in the development of the 3rd instar. Mourikis {1965) siates that pupal dura-
tion is proportional to larval duratioh, depending upon which fruit the larva
developed in, A similar phenomenon in the olive fly Dacus oleae (Gmelin)
was reported by Sacantanis (1954). The relationship is apparently indepen-
dent of temperature, and must therefore depend on modifications in the
composition of energy reserves laid down by the larva, such that they are
more or less readily utilizable by the pupa. Table I gives some examples.
We cannot, however, rule out the possibility of temperatures within different
fruits varying considerably according to their state of ripeness, and thus
affecting the length of larval life directly.

In view of this it is surprising that there is no information in the
literature on the extent and nature of energy reserves stored by mature
3rd instar medfly larvae reared at different temperatures and in different
media. Nothing has been published on the relative amounts of fat and gly-
cogen normally found in medily larvae, and these two substances constitute
the main energy stores for most insects (Wigglesworth, 1865).




PHYSIOLOGY OF THE MEDFLY 27

TABLE I. DURATION OF LARVAL AND PUPAL PERICDS OF
THE MEDFLY REARED IN DIFFERENT HOST FRUITS AT A
TEMPERATURE OF 26-28°C (AFTER MQURIKIS (1965))

Duration {in days
Host fruit From oviposition Froim pupation to
to pupation adult emergence
Peach 1.8 o
Tomato 8 9
Pepper 8 g
Pear 12.4 11
Apple 16. 3 10,5
Apricot 10 11
THE PUPA

It is well known that humidity and temperature influence the rate of
development and survival of the insect within the puparium, but again
most studies on medfly have involved the empirical approach. Environ-
mental conditions which are optimal for survival and speed of develop-
ment are generally chosen for mass-rearing programs. However, syn-
chronizalion of pupal development is practical where large numbers of
pupae must be irradiated on one day for release as adults soon after-
wards. This is achieved by holding pupae for varying times at tempera -
tures between 20°C and 27°C {Miichell, Tanaka and Steiner 1965). Oc¢-~
casionally temperatures ranging from 15°C to 28°C have to be used (Nadel,
personal communication).

We have found that by subjecting medfly pupae to different temperature
regimes involving 20°C, 25°C, and 30°C, for varying lengthse of time during
their development, the duration of the pupal period is related to the inte-
grated mean temperature as shown in Fig.1. We have also found that the
fat conient of flies emerging from these pupae is affected by the tempera-
tures at which theéy were incubated (Fig.2}). From this figure it is clear
that incubation at temperatures above 25°C lowers the fat content of the
emergent flies.

The significance of fat as an energy reserve for the pupa is shown
in Fig.3, from which it can be seen that the respiratory quotient is close
to 0.7, indicating the combustion of fat reserves, throughout pupal develop-
ment., At the same time the oxygen consumpiion follows the typical U-shaped
curve associaied with pupal respiration in insects, and it can be calculated
that a total of 110 mm?® /mg is consumed.

During uninterrupted pupal development at 25°C and 75% r.h. the fat
content falls from approximately 40% to 15% of the non-fatty dry weight
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(Fig.4). The non-fatty dry weight or residual dry weight {(RDW) is quite
constant and represents about 25% of the initial live weight at the time of
pupation. Thus 2 pupe weighing 10 mg initially has an RDW of about 2.5 mg.
its initial fat reserves will be about 1 mg and these will fall to 0.4 mg at
emergence, The consumption of 0,6 mg fat corresponds therefore to an
oxygen consumption of around 1100 mm?. This rough calculation provides
an estimate of 1850 mm® of oxygen for the combustion of 1 mg of fat, which
is the right order of magnitude for fat combustion (Bursell {1859)), although
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nothing is known of the composition of medfly fat and wide variations do
oceur in insects (Gilmour (1961}).

As confirmation of our results on fat determinations of adults emerging
from pupae held at different temperatures, the oxygen consumption of pupae
held at different temperatures ought to be determined. The temperature of
greatest 'developmental efficiency! would correspond to the lowest total
oxygen consumption and would probably be found to be a liitle lower than
25°C. This temperature has been determined for Drosophila species and
ig 25°C (see Keister and Buck {1964)).
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THE ADULT

At emergence the adult Drosophila melanogaster contains 'larval fat
body"; the timaginel fat body! is not extensive, and there is very little
glycogen present {(Wigglesworth {1949)). During the next 48 hours the larval
fat body diminishes, and disappears by the 4th day. With normal access to
food, the glycogen store increases along with the adult fat bedy. The energy
source for flight is glycogen while fat is not consumed during flight; after
flight exhaustion, recovery is more rapid when the flies are fed on gilucose
than on sucrose or fructose; during starvation Drosophild consumes fat
coneurrently with carbohydrate (Wigglesworth (1849)). During flight the
respiratory quotient (R.Q.) for Drosophila is 1.0, indicating the combustiion
of carbohydrate (Chadwick {1947)).

No similar information is available in the literature on C. capitata.

Our own studies have shown that during the 3 hours after emergence the
R.Q. of the adult medfly is between 0.9 and 1.0, This suggests a rapid
switch from fat combustion in the puparium, to carbohydrate combustion
upon emergence, During the 48 hours after emergence the adult R.Q. in-
creases to more than 1.0 irrespective of whether the flies are starved or
fed on sugar and water. This value could be due to experimental error but
Chadwick {1947} obtained pre-flight R.Q. values in excess of 1.0 for
Drosophila and atiributed this to the conversion of carbohydrate to fat

by flies recently removed from their food medium.

In the newly emerged adult the RDW represenis about 24% of the
initial live weight which is no different from the relationship in the pupa.
The fat content, however, represents 27% of the RDW of the ily. This
ig a higher value than that obtained for the pupa since the puparial shell
iz not now included.

The puparial shell contains no measurable amount of fat and there-
fore lowers the estimate of fat as a percentage in the pupa.

Table II indicates that when adults are starved to death their fat con-
tents fall to around 5% of the RDW. Survival is approximately 1 day
Ionger in the presence of water, and fat contents fall below 5%. The fall
in fat content from 27% to 5% represents a consumption of approximately
0.33 mg fat for a fly weighing 6.3 mg at emergence. We have found that
the resting oxygen consumption of the unfed adult male C. capitata falls
from about 2.5 mm®/mg/h to about 1.7 mm®*/mg/h during the 48 hours
following emergence. At 72 hours, more than 50% moriality has occurred,
At this rate the 0.33 mg fat would be exhausted in 48 hours. Since the
flies survive for approximately 24 hours longer than this, and their oxygen
consumption increases greatly with activity, other reserves must be avail-
able to them. This view is supported by the high R.Q. values reported for
the unfed aduits.

Fat contents are maintained at between 12.8% and 16.8% of the RDW
in adults which have fed (Table II}). This means that the initial high fat
cohtent forms a utilizable rezerve in the newly emerged aduli. However,
nothing. is known of the carbohydrate reserves of the adult medfly.

Temperature, flight activity, and the extent of initial reserves will
determine the survival potential of newly emerged medflies when re-
leased in the field. Water reserves must also be included here. However,
there is no information in the literature on the water balance of medflies,
and the significance of desiccation as a cause of mortality in the field is
not known.
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TABLE II. FAT CONTENTS OF ADULT MEDFLY SUBJECTED TO
DIFFERENT TREATMENTS AT 25°C AND 75% r.h. AFTER EMERGENCE

Treatment No, of flies Fat content (7:)
[Gi=3} non-fatty dry wt,
Killed {tnmediately
after emergence 100 27.5
Starved to death 100 8,2
92 5.2
Starved to death 100 5.0
in presence of water - 3.6
Fed § days on sugar
and water 92 1€.8
Fed 5 days on normal
diet and water 92 12,8

Our own work has shownthatreserves of newly emerged adult medflies
can be significantly altered by different treatments during pupal develop-
ment. Of particular note is the fact that the fat reserves of flies emerging
from pupae incubated at temperatures above 25°C ecan fall close to those of
flies which have died of starvation. This fact immediately ealls in question
the value of the practice of synchromnization of pupal development by incubating
at high temperatures. Further studies will be necessary to determine the
safe low-temperature limit. Meanwhile, furthér studies on the effect of
light upon the mature 3rd instar larva, when it leaves its medium to pupate,
as a means of synchronizing adult emergence are clearly indicated by the
results of Myburgh (1963).

The fact that the adult medfly will survive on sugar alone for some
time after emergence, buti dies more rapidly when fed on diets containing
no sugar, does not justify the statement that adult medflies emerge with
little or no stored energy resources {Keiser and Schneider, 1569). The
tests were conducted within the very wide limits of 21-27°C and 50-8%% r.h.
and no information on treatment during the larval and pupal stage was given,

Until 2 more serious attempt is made to study in quantitative terms
the physiological relationships of the medfly to its environmert, much
of the empirical work on medfly mass rearing and the sterile-male tech-
nique will remain difficult to interpret, and of limited value in predicting
the success of an eradication campaign.
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Abstract

RECENT RESEARCH IN HAWAII ON THE MEDITERRANE AN FRUIT FLY,

The feasibility of the sterile-insect technique as a method of suppression or eradication has been
demonstrated for several finit fly species. However, the competitiveness of the sterile insect is apparently
less than that of its native counterparts. Cutrent research af the Hawaiian Fruit Flies Investigations
Laboratory is directed towards understanding the effects of the sterile-insect techinique on this insect in
order to improve the methods of application. Different types of methods of evaluation, improvement in
feeding larvae and adults, and effects on the fly of radiation, packing, marking and release, are discussed,

1. INTRODUCTION

The use of sterile insects {o eradicate populations of pests was con-
ceived by Knipling (1955) and applied successfully for the firsttime in 1954 in
campaigns against the screw-worm fly, Cochliomyia hominivorax
{Coquerel), on the island of Curagao (Baumhover et al. (1955)} and then
in 1958 and 1959 in the south-eastern United States {Knipling (1960)}.
Subsequently, the potential of the method against other insect species,
particularly fruit flies, Tephritidae, was recognized. As a consequence,
personnel of the Hawalian Fruit Fly Investigations Laboratory in Honolulu,
Hawali, used the method to eradicate the melon fly, Dacus cucurbitae
Coquillett, from Rota in 1962-1963 (Steiner et al. (1965)) and the oriental
fruit fly, D. dorsalis {Hendel), from Guam in 1963 (Steiner (1969)) [ after
an unsuccessful attempt had been made to éradicate it from Rota (Steiner
et al, (1962))], Also, a campaign is presently in progress to eradicate
the melon {1y from Guam (Chambers et al, (1970)),

The feasibility of eradication by the method of sterile-insect release
has thus been proven against restricted, isolated populations of the melon
fly and of the oriental fruit fly, However, the method has not been fully
demonsirated against the Mediterranean fruit fly, Ceratitis capitata
{(Wiedemann), though the first of the field tests of the method with
Tephritidae were directed against this species, which is a pest of par-
ticular concern arcund the world because of its wide range, its potential
for desiruction, and its limiting effect on the production and movement of
agricultural produce. In this attempt (1959 and 1960), Steiner et al. (1962)
placed more than 18 millicn irradiated pupae in release stations spaced
throughout an area of 31 km? on the island of Hawaii that contained wild
Jerusalemn cherry and an abandoned deciduous fruit orchard. The lack of
isolation, and logistic and other difficulties, prevented any decisive
eradication of the insect; however, the numbers of larvae found infesting
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fruit samples were reduced, Subsequently, researchers came to the con-
clusion that the Mediterranean fruit fly is probably less amenahle to
gterilization by irradiation than the larger Dacus species (though there is
little published informaticn) and less able to compete with its native counter-
parts after laboratory rearing, irradiation of pupae, packaging, shipping,
and release than are the other species, Research at the Honolulu and Hilo
laboratories is now underway to obtain information about the effects of the
method on the insect, so that techniques can be improved. The studies in
progress include investigations of new methods of evaluating competitiveness
and vigour, improvement of genetic stock, improvement in methods of mass
rearing the flies, determination of the effects of the dose of irradiation and
of the age of the flies at the time of irradiation on performance, the nutritive
requirements of young adults, the effects of methods of packaging and
distribution on adult flies, and methods of marking adult flies as well as the
effects of such marking, Since the research is still in progress, the
present paper is not a final report of results.

2., EVALUATING COMPETITIVENESS AND VIGOUR

Estimates of the competitiveness and vigour of flies prepared for release
are made by comparing the mating or pairing frequency of treated versue
unireated caged flies, by measuring vigour in release-recapture iests, or
by measuring vigour directly on a flight mill.

The preliminary evaluations are made directly by placing known
populations {various ratios) of treated males and untreated flies of both
gexes in small 28 dm? cages. Eggs are collected periodically, and the
hatch is recorded and used to measure the percentage suppression of
fertility.

A similar test can be made in flight cages, but we prefer to use these
larger cages to make another type of test that provides an additional
estimate of the effect of treatment on mobility, vigour, aggressiveness, and
gelective mating {Holbrook and Fujimoto (1870)), Therefore, known
numbers, usually 100 each, of treated and untreated males, and treated and
untreated females are introduced inte an 18 m® cage that has been placed in
a sheltered outdoor location. In alternate replications, the treated or un-
treated flies are marked with a fluorescent dye. When mating commences
pairs in copula are captured in vials and the participation of treated versus
normal males can be recorded by noting the presence or absence of dye,

Release-recapture tests in the field, using marked flies, are invaluable
tools for estimates of population, fly movement, longevity, and over-
flooding ratios. However, such tests cannot give a reliable estimate of
vigour since the data are invariably compromised by test conditions. The
flight mill designed by Chambers and O'Connell (1969} to measure flight
capability in the laboratory and used in preliminary testing in Mexico City
wag tried in Hawaii and found applicable for the three species there. The
permanent test equipment now being constructed will consist of 12 mills
which will allow simultaneous measurement of 6 normal and 6 treated flies.
Each mill has a vertical pinion that rofates freely in a magnetic field so
there is minimum friction. The flies are harnessed to horizontal rotor arms
that describe a circle of 1 m diam. Each rotation causes a small reflector
to transmit light (by reflection) to a photocell receptor which actuates a
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counter, Simulteneously, a specially designed circuit transmits an impulse
to a magnetic tape recorder that can record the data from all 12 mills at
once. Thus, the digital counters will show the total distance travelled.
Meanwhile the more subtle differences, such as changes in flight rate and
frequency and duraticn of resting periods, will be processed by computer.
A program will instruct the computer to count, ploi, and analyse the data
stored on the magnetic tape. We hope toc use the system to obtain much
valuable information about the effect on vigour of such varied factors as
irradiation and chemical sterilization, age and reproductive status, treat-
ment with haormones, sublethal doses of toxicants, nutritional status and
history, and culfural and endemic strains,

3. IMPROVEMENT OF GENETIC STOCK

An ingect culture gtarted from a native population may need 10 - 20
generations before it is sufficiently adjusted for easy laboratory cultivation
but this adaptation may result in a strain very different from its progenitors.
Therefore, in both Honolulu and Mexico City, an attempt has been made to
maintain a semblance of a native gene pool by irregular introduction into the
laboratory culture of native flies collected from hosts in the field. The
irregular introduction, the small numbers, and the probable lack of partici-
pation of the native flies in mating and oviposition, mean that little if any
significant impact is felt by the gene pool. A more effective approach would
be selection of the laboratory culture for 'desirable’ traits. Our initial
attempt at such selection consisted of periodically isolating those adults
{confined in 28 dm® cages) which, when startled, immediately flew through
an opened shutter into ancther cage {placed above the first cage). Such a
trait would be desirable in our laboratory sirain of Mediterranean fruit
flies because the culiure tends to sedentary behaviour. However, the
startle irait was not reproducible so we suspended this selection after a
few generations. Insiead, in our new effort, we have changed our rearing
procedures so that the flies must fly to participate in feeding, mating, and
oviposglition, that is, such activitles can fake place only in the centre of a
large (about 3 m®) cage, After about 20 generations, we expect to compare
the selected line with the normal laboratory stocks. If génetic improvement
proves possible by this method, it should be feasible to arrange for routine
selection of the rearing stock.

4., NUTRITION AND IMPROVEMENT OF MASS CULTURE METHODS

Nadel (1870) reviewed current methods of mass rearing Ceratitis
species, The most significant improvement in our method has been the
increase in the content of water in the diet made possible by the use of a
water binding agent. This greater amount of water reduces heating of the
medium by evaporative ccoling, so larval recovery is improved and the
amount of {ime to recover 30% of the larvae through popping is reduced
from 4 to 3 days. Also, elimination of the practice of manual sifting of
mature larvae from spent medium saves considerable time,

However, before aitempting additional improvements iAh mass-rearing
techniques, we are working to establish norms for larval and pupal size,
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weight, rate of development, and percentage survival at standard conditions.
Ounce such parameters are established, we can evaluate flies reared under
a variety of test conditions.

In addition, we need a completely soluble defined or semidefined diet
that could be applied to a re-usable, inert substrate capable of supporting
the feeding larvae, Such an improvement has been partially realized by
saturating any of several inert fibrous supports such as terry cloth, plastic
floor coverings, or artificial grass with a yeast suspension.

5, EFFECTS OF IRRADIATION DOSE AND OF FLY AGE AT TIME OF
IRRADIATION ON PERFORMANCE

Katiyar (in IAEA (1965)) and Katiyar and Valerio (1964) reported that
gterilization by irradiation reduced the mating competitiveness of male
Mediterranean fruit flies. Also, Holbrook and Fujimoto (1970} found that
8- to 10-day-old males irradiated with 10 krad as pupae 2 days before adult
eclosion were about 50% as competitive as normal males though the females
were unaffected., In our test of mating competitiveness in large outdoor
cages, we found that males treated 2 days before eclogion with doses of
2.5 {ca. 93% sterile) or 5 krad (ca. 97.5% sterile) mated about 90% as
frequently as normal males and that those treated with 7,5 (ca. 99% sterile)
or 10 krad (99. 9% sterile) mated about 65% as frequently as normal males;
irradiated females, no matter what the dose, mated about 85-90% as
frequently as normal females. Also, we studied flies treated with 3 or
7 krad to determine whether sierility caused by the substerilizing doses
could be transmitted to the progeny. As expected, the egg hatch for the
various male and female outcrosses and sibling crosses of i and F
progeny originating from male outerosses did not provide any evidence that
sterility could be transmitted to pregeny of flies irradiated with these doses
2 days before eclosion, However, in 18 m3 outdoor cage tests, males or
females treated at 10 krad 1 or 2 days after emergence were fully competitive
with normal males or females for at least the first 10 days of adult life,
This superiority in the competitiveness of flies irradiated as adulis over
those irradiated as pupae was corroborated in small cage tests and also in
tests degigned to determine sperm transfer, When the ratio of treated
males to normal males to normal females was 9:1:1 in 28 dm? cages, the
mean egg hatches over 30 days in a replicated tesi were 90. 9% for the control
(normal females and normal males only), 54,5% for females mated with
mazles irradiated 2 days before eclosion, and 24,6% with males treated
2 days after eclosion (Table I). Moreover, when the spermathecae of
33 — 48 females {each placed for 3 - 4 days with cne normal male or one
male from one of the treatment categories) were checked for abundance of
sperm, at least a trace of sperm was found in 96%, 41% and 89% of the
females paired with normal males, males irradiated 2 days pre-emexrgence,
and males irradiated 2 days post-emergence, respeciively (Table II),

Irradiation may also reduce the effectiveness of male medflies in
matings subsequent to the first. At Hilo, constant observation of pairs
in small containers showed that flies of the laboratory strain emerging
from pupae sterilized 2 days before adult eclosien with 10 krad of gamma
irradiation mated about half as frequently and half as long as fertile males.
Moreover, the courting period of these sterile males averaged one hour
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TABLE I. POPULATION SUPPRESSION IN SMALL CAGES BY
MEDITERRANEAN FRUIT FLY MALES TREATED WITH 10 krad OF
GAMMA JRRADIATION 2 DAYS BEFORE OR 2 DAYS AFTER ECLOSION

Mean % hatch Mean
. %
M
from 8 eggings ean reduction
Cage population Irrad. over 1 month %o in
169 : NSd - Ngg as: period fertility fertility
0:1:1 91.2
9:1:1 Pupae 5.5 59.7 40.3
2 days before
eclosion
8:1:1 Adults 24,8 26.9 3.1
2 days after
eclosion
HNotes: I =irradiated, N = nortnal. Tests done in i fi* cages; 4 replications/treatment;

25 Nad and 25 N¥9/treatment.

TABLE II. COMPARATIVE SPERM TRANSFER BY NORMAL
MEDITERRANEAN FRUIT FLY MALES AND BY MALES TREATED WITH
10 krad GAMMA IRRADIJATION 2 DAYS BEFORE OR 2 DAYS AFTER
ECLOSION

% of total no. of females
dissected having indicated

Treatment Teatal no. of
of females rating of sperm abundance b
males dissected 0 1 5 3
Normal 48 a2 5.3 24.2 5.5

10 krad 2 days
before eclosion a3 58.5 12.8 4.6 23,1

10 krad 2 days
after eclosion 43 10,7 10.7 23.8 54.8

a
Each male in test provided with 1 virgin female at 8 - 4 days'interval over a month.
b
Subjective ratings of sperm in spermatheca as follows: 0 = none, 1 = trace, 2 = few, 3 = abundant,

longer than that of fertile males, the sterile males took longer to mature
sexually, andthe potencyof sterile males, unlike that of fertile males,
decreased significantly after the adults were about 2 weeks old, from
observations of mating frequency and duration. ‘Tzanakakis et al, (1968)
found that with the female olive fly, Dacus oleae (Gmelin), re-mating
frequency of the female was apparently affected by a material(s) transferred
by the male during coitus. Therefore, at our Hilo laboratery, individual
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medflies are being mated and then later re-exposed to the opposite sex,
When the females accept re-mating, subsamples are dissected to determine
the content of sperm. If the re-mating of female medflies is a function of
the amournt of sperm or other material transferred or its rate of depletion,
reduced transfer of sperm by sterile males of reduced potency would

affect the mating frequency of the female, and more vigorous males would
be necessary for the release program.

6. NUTRITIVE REQUIREMENTS OF YOUNG ADULT FLIES

During the 1962 and 1963 eradication campaigns in the Pacific islands,
the standard nutrition supplied to the flies emerging in the containers was
a mixture of honey, sugar and water {1:1:1). Harris et al. {1968) found
that melon flies confined 3 weeks in distribution boxes survived better on
this mixture or on a mixture containing sugar and water than on a mixture
of honey and water. However, logistics and the need to deliver flies of
optimum quality to the release gite dictate that flies should emerge from
the distribution boxes as soon as possible after adult emergence, Moreover,
even in the Pacific where the flies had to be shipped from Honolulu to Guam
and Roia, the adult flies were usually not in the boxes more than 48 hours.
The recent report by Keiser and Schneider (1969) is therefore pertinent fo
a release program. They found that newly emerged adults of all three fruit
fly species reguire nothing but sugar for the first 72 hours of life; melon
flies and Mediterranean fruii flies suffered less than 2% mortality in 72 hours
and less than 10% mortality in 96 hours when nothing but sugar was avail-
able. The oriental fruit fly was somewhat less tolerant of the deprivation
of water, However, sugar, not water, is the prime requirement for early
survival of all three species, '

We have not yet tested the vigour and competitiveness of flies held on
the various diets. However, the effect of nutrition on the effectiveness of
sterile flies will be evaluated; perhaps flies deprived but not physiologically
damaged may enter the environment more vigorously than replete adulis.

7. EFFECTS OF PACKAGING ON ADULT FLIES

Harris et al. (1868} studied the emergence of about 4500 young adult
fruit flies confined in a drop box measuring 8.9 X 15,2 X 26.2 cm and
divided into 77 interior cells; the survival of melon flies and oriental fruit
flies was reduced 35 and 44%, respectively, by 3 weeks' confinement, and
mutilation was increased about 5-fold, to 8 - 10%. Nadel et al, {1887)
devised a method of releasing adults irradiated as pupae in paper bags
(containing wood wool) which could be easily distributed from aireraft,
Also, Holbrook et al. {1970a) loaded No.12 Kraft®) paper bags partitioned
with X-shaped cardboard inserts with 3000 pupae/bag and reported that
about 50% of the Mediterranean fruit flies escaped immediately when the
containers were opened and that about 90% of the melon flies escaped; they
also reported mutilation of both species to be less than 5%. However,
when these same bags were recently used by the Guam Department of
Agriculture in its eradication program against melon flies, they found
mutilation in a few randomly selected bags to be as high as 33%, and this
value did not include the damage to the flies that occurs when the opened
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bag enters the slipstream of the aircraft, Clearly, losses due to damage
and mutilation by packaging must be minimized, particularly for
Mediterranean fruit flies whose vigour and competitiveness are in question,
We are therefore re-evaluating the possibility of distributing loose pupae
from aircraft, a method discounted because of the high mortality that occurs
from predation and solar heat (Nadel et al, (1967)).

In our tests, about 87% of the Mediterranean fruit fly pupae easily
survived a 60-m free fall drop from a balloon to grassy fields; 62% and
41% of those dropped on forest and bare rocky ground, respectively, emerged.
Since the free-falling pupae reach a terminal (Stoke’s law) velocity of about
6 m/e after they fell about 3 m, they could be dropped from any altitude.
Subsequently, 300 000 pupae and a similar number of adults packaged in
bags as described ahove were dropped from a light aircraft flying at an
altitude of 90 m over varied terrain; in 3 weeks, 42% as many flies were
recovered from the pupal, as from the adult distribution., Therefore, the
relaiive advantages of the two systems will depend on the {ype of terrain,
the savings in packaging costs, and the quality of the emerging flies,

8. METHODS OF MARKING ADULT FLIES AND EFFECTS

Roan (1952) described methods of marking frult flies with radicactive
phosphorus for studies of movement in the field. In 1962 and 1963,
Steiner (1865) used {opically applied dyes or dye-ceated pupae substrates
(an adaptation of a method used in 1858 to mark houseflies, Musca
domestica L,, at the Insects Affecting Man and Animals Research Laboratory
then at Orlande, Florida) and deseribed a method of identifying the marked
flies, BShaw et al. (1966) suggested coloured lacquer for marking, Holbrook
et al. (1970Dh) evaluated the mating competitiveness of dye-marked flies hy
using the mating pair-capiure technique and found that the mating competi-
tiveness of otherwise untreated Mediterranean fruit flies marked with orange,
red, yellow, or green Day-Glo\R) fluorescent powders was not impaired,

TABLE Iil, MATING ARILITY OF DYED AND UNDYED
MEDITERRANEAN FRUIT FLY MALES IRRADIATED WITH 10 krad
2 DAYS BEFORE OR 2 DAYS AFTER ECLOSION '

% of dyed and undyed irradiated males mating with normal females
Age of Males irradiated 2 days Males irradiated 2 days
flies before eclosion after eclesion
(days) Dyed Undyed Dyed Undyed
a 48,2 20,8 52,2 47,8,
10 42,2 57.8% 42,9 57.12
15 42.8 57.2% 46.6 53.4

? Difference between means significant at 5% level, according to Student's t-test. Each value
is 4 mean of 4 replicates,
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However, the combination of irradiation and dye rarking appeared to be
detrimental t¢ the mating competitiveness of male flies during recent
evaluations of the effect of radiation dose. We therefore made direct
comparisons of the mating abilities of dyed (Day-Glo red) and undyed
irradiated males (treated with 10 krad either 2 days before or 2 days after
adult eclosion) by placing 100 of each with 100 normal females in outdoor
cages and capturing and identifying the paira in copula, Table II shows
that at 5 days of age there was no significant difference in the pairings of
dyed and undyed males irradiated at either atage., However, at 10 and

15 days of age, the competitiveness of males irradiated as pupae was
impaired by the presence of dye; irradiation and dyeing of adult males
reduced competitiveness at 10 days of age but not at 15, Though the dye
appeared to be only slightly deirimental, we have shown that such effects
can be cumulative and must be considered in a release program.

g, EFFECT OF DOSE OF IRRADIATION ON EGG LAYING

Nadel (IAEA, Vienna, personal communication) reported that eggs
can be produced by female medflies irradiated as pupae 24-48 hours
before emergence with doses of as much as 12 krad, However, zll our
data indicate that egg laying by laboratory-reared females treated 2 days
before emergence can be prevented with a dose of 2,5 -3 krad. Ina
recent test made to resolve these differences, we treated about 750 females
each with 3.8, 5.7, 7.8, 9.8, or 12,1 krad 48 + 6 hours before emergence
and ccnfined them with an equal number of males irradiated at the same
dose: they laid no eggs in 7 eggings over 24 days; however, flies treated
at 1.8 krad laid about 5000 eggs (3.4% hatch) compared with 185 000
(90, 3% hatch) laid by untreated females crossed with unireated males.
[These pupae were treated in a 6.3 X 8,3 X 1,3 cm container in a section
of the irradistion chamber (pool-iype unit, dose rate approximately
4500 rad/min} where the maximum~to-minimum dose range was less than
10%, as determined by Fricke dosemeters,]

In another study, 10-day-old femeles treated with 10 krad as pupae
just before adult emergence, as l1-day-old adults, or as 2-day-old adults
laid sbout 0, 4%, 7% and 45% as many eggs/fly as normal females of the
game age,

10, CONCLUSIONS

We have described 2 few of cur current regearch programs with the
Mediterranean fruit {ly. Those selected for description indicate the
direction of current research in Hawaii, The successes achieved in the
South Pacific islands demonstrate amply that the method of sterile-
insect release is feasible for eradication of fruit flies and that the failures
there and in Hawaii are the result, at least in part, of logistic and proce-
dural difficuities, However, as we have attempted to overcome thege
difficulties, we have encountered new problems. Thus, we are demon-
gtrating the need for a research program of both breadth and depth.
Development of the techniques of culturing, treatment and release have
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first priority, but the mechanics of a release program must be supported
by knowledge about the interacticn between the insect and itg treatment
and the effect on performance in the release program,

Note

Mention of a proprietary proeduct does not congtitute endorsement of the
product by the U, S, Department of Agriculiure.
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APPLICATION OF THE
STERILE-MALE TECHNIQUE IN
MEDITERRANEAN FRUIT FLY SUPPRESSION

A follow-up experiment in Nicaragua

R, H, RHODE™
Aparado Postal 3628,
San José, Costa Rica

Abstract

APPLICATION OF THE STERILE MALE TECHNKQUE N MEDITERRANEAN FRUIT FLY SUPFRESSION:
A FOLLOW~UP EXPERIMENT IN NICARAGUA.

A follow-up experiment designed to demonsrrare Mediterranean fruit fly suppression ia a 48-kum® area
in the region of Carazo, Nicaragua, is discussed. This release area was surmounded by a 2-km wide band which
received several chemical treatinents by applying a 9:1 mixture of protein hydrolysate and techaical malathion.
Also, two check areas were included, Sterile flies were released by plane about 4 days & week, approximately
11 million flies per flight, Results indicate a clear suppression of the Mediterranean fruit fly when comparing
the number of wild flies, fruit infestation and percentage egg hatch in the release area with the check area.

Large~scale field application of the sterile-male technique fo suppress
or eradicate polygamous fruit-fly species closely followed the successful
elimination of the screw worm, Cochliomyiz hominivorax {Coquerel),
from the island of Curagao by this method (Baumhover et al. (1955)}). In
1960 Steiner et al. (1952} obtained a 90% reduction in Mediterranean fruit
fly (medfly), Ceratitis capitata (Wiedemann), infestations over an area of
approximately 32 ki in Hawail, Eradication of the melon fly Dacus
cucurbitae Coquillett from the 78-km? island of Rota was achieved in 1962
and 1963 (Steiner et al. {1965}).

In 1965 the International Atomic Energy Agency through the United
Nations Development Programme (Special Fund) initiated a cooperative
program with Organismo Internacional Regional de Sanidad Agropecuaria
to determine the feasibility of eradicating the medfly from Central America
using the sterile-male technique, Other contributing organizations were
the Ministries of Agriculture of Nicaragua, Costa Rica and Panama and
the U. 8. Department of Agriculture. Supporting research was carried out
by the U, 8, Atomic Energy Commission group at the International Institute
of Agricultural Sciences at Turrialba, Costa Rica. Aircraft and other
facilities of the Nicaraguan and U. 8. Air Forces were made available
to the project.

In 1967 an attempt was made to eradicate the medfly from 120 km?
in Nicaragua, However because of high wild fly populations and lack of a
properiy isolated test site, this effort was without success.

The present paper presents a follow-up experiment designed to demon-
strate medfly suppression on a reduced scale within the same work area
in Nicaragua.

% IAEA Expert,
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The test was conducted in a 48-km? area situated in the Department
of Carazo, Nicaragua, In this highland region approximately 600 km? are
planted to coffee grown under natural forest cover and citrus, both of which
are principal medfly hosts., Another host fruit elsewhere heavily attacked
but of apparently minor importance in Carazo is rose apple, Eugenia jambos
{I..)}, the trees of which are used as wind breaks. With the exception of
medfly infestations in coffee planted on the slopes of 1300-m-high
Mt. Mombacho lying 22 km east of the test site, the Carazo region is about
130 km. from the nearest host environment in which extensive infestations
could develop. The experimental area is situsted near the southern limits
of the coffee region on comparatively level ground which slopes gradually
upward towards the north, Here the terrain changes abruptly intc a series
of deep narrow canyons. West of the sterile-fly release gite the land falls
off to the Pacific Ocean and on the east towards L.ake Nicaragua 30 km
distant. Winds predominantly from the east and north-east are constant
most of the year but increase in intensity during the dry season from
November to May, Sweeping across Lake Nicaragua they create considerable
air turbulence over Carazo and constitute a hazard to low-level flying,
Average annual precipitation is around 150 em.

The main coffee harvest in Carazo extends from Sepiember to Jamuary
but some early maturing coffee is picked in August. Infestations in
scattered coffee berries have been found in June. Mandarin oranges,
preferred by medfly over other ciirus species present, are in evidence
from December to June and most abundant in March.

Medfly host fruit density is high within the test area and most of its’
immediate surroundings, With these conditions it was impractical and
beyond the financial rescurces of the program to attempt to create a
completely isolated test situation by means of quarantines and aerial spray
operations, However, it was believed that in accord with the experimental
objective the sterile release site would receive adeguate prolection from
migrating wild flies by periodic insecticide applications to a 2-km-wide
barrier around the perimeter,

The bait spray formulation applied by air at the rate of about 1, 4 litres
per hectare consisted of a 9:1 mixture of protein hydrolysate and technical
malathion.

Scheduled at 2-week intervals, the chemical t{reatments were intended
to suppress wild fly build-up and to inhibit fly movement inio the adjacent
sterile-fiy release zone. For economic reasons and considering that
eradication was not an objective, the insecticide mixture was applied to
one-third of the 72-km? border area by spraying swaths 30 m wide at
90-m intervals.

The material was applied by a single-engined plane flying 80 - 100 miles/h
{128 - 160 kon/h} at around 50 m altitude. Spray tank pressure was about
25 =30 1b/in2. Each spray boom had five nozzles with 12/64-inch
(4. 7625-mm) orifices. The spray droplets ranged in size from 0. 5 to 4 mm
and appeared well distributed. A guide plane assistedinthe spray application.

Two 36-km? check areas were included in the experimental set~up.
Check 1 was located about 12, 5 kin north-west and Check 2 was located
4 kxn eagt of the release site, Mandarin orange trees and coffee are present
in all locations but mandarinsg are less abundant in Check 1. Mean
elevations of the test site and Checks 1 and 2 are 600 m, 680 m and 430 m
respectively. Unimproved roads transect these areas and except for
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occasional brief periods most are transitable in the wet season with a
4-wheel drive vehicle. In the sterile-fly area 153 Steiner traps were
distributed with 55 in Check 1 and 62 in Check 2. An additional 110 traps
were maintained immediately ouiside these areas for detection purposes.

All traps were assigned permanent locations. Trimedlure used a= bait

was applied to 2-cm-~diam. cotton wicks and a small amount of chlordane-
lindane powder was put in the bottom of each trap. Traps were examined at
weekly intervals with the exception of those situated outside the experimental
complex, which were serviced every two weeks,

At the incepiion of the experiment on 13 September 1968 a centre field
irradiation doze of 9, 8 kR {113%) was administered to pupae in lots of
90000, From October to late November the dose was lowered to 7T kR I
and 8 kR. Tt was assumed thai legs exposure would result in a more J
vigorous male which through increased sexual activity would compensate
for the mean 3 or 4% residual male fertility found at these dosages.

In late November as a security measure the sterilization dose was
raised to 3 kR for the duration of the experiment, as a result of evidence
that some individual males may exhibit a higher degree of fertility. However,
in laboratory tests differences in mating ability significant at the 5% level
were observed beitween males treated with 6 kR, 8 kR and 10 kR of gamma
radiations. At 2 kR average male fertility was found to be around 1. 1%.

Female flies were released with the males because no practicable
method suitable for large-scale operations is known to separate the sexes
in the pupal stage. Pupae were in the irradiation canister less than 2 min
and no anoxia effects were noted,

The age differential of developing pupae was reduced by collecting the
mature larvae from the recovery cabinets every 8 hours, To insure a
biological age of 7 to T} days at the time of sterilization, pupal msaturation
was controlled by varying time and temperature relationships. At 20°C
pupal development is about half that at 28°C,

After irradiation, fluorescent powders applied at the rate of 4g/l of
pupae were used fo mark the emerging flies for subsequent identification,
Random samples of flies taken from the bags showed that on the average
99. 6% were well marked on the body and/or ptilinum., When viewed under
ultra-violet light the sterile and unmarked wild flies were generally
readily distingnished, In doubtful cases the flies' heads were dissected
under a microscope to detect any enclosed fluorescent particles, Mating
performance of the sterile males did not appear to be significantly affected
by the powders, - i

From 4 to 6 thousand pupae were measured into a 5 kg XKraft paper bag.
About 100 g of 6-mm-wide wood excelsior strips placed in the bag main-
tained rigidity and provided resting surfaces for the flies. This material
was made from the wood of iwo Jocel tree species: Alnus acuminata HBK
and Daphnopsis seibertii Standl. A 30-cm length of 1, 25~cm-diam. cotton
wicking saturated with a mixture of honey, sugar and water in equal pro-
portions provided food and meisture, The bags were sewn shut with a bag-
closing machine and packed 24 to a cardboard box measuring about
57 cm X 57 cm X 42 ¢m, The boxes were stored in a single layer on latticed
shelves in a semi~darkened and ventilated room maintained between 23°C
and 25°C, After packing, the boxes were left open throughout the entire
trangport and release operations to facilitaie dissipation of metabolic heat
generated by the emerging flies,
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Fly emergence began on the day of treatment and was nearly compieted
on the morning of the scheduled release 2 days later. Adult eclosion
averaged 90, 1% throughout the test period.

About 4 times per week C-47 aircraft of the Nicaraguan Air Force
arrived in San José, Costa Rica, to pick up the sterile flies. The flies
were transported to the airport in a well-ventilated truck and loaded
without delay on the plane immediately before take-off. The plane's main
cargo section could accomodate 90 boxes with sufficient excess space for
a passageway along one side, At an average bag loading rate of 5000 pupae,
approximately 11 million flies were released on each flight. To prevent the
flies from overheating during the half-hour trip to the airport and later
aboard the plane the stacked boxes were separated by 2-m lengthae of
2.5 em X5 em strips of lumber, As the jump door of the C-47 was always.
removed to accommodate the release chute, air circulation held internal
box temperatures below 28°C,

The release plane traversed the experimental area in a north and south
direction. With prevailing easterly winds, the cross-wind distribution
obviated adjustments on each leg to maintain a uniform bag drop rate. Fly
drops were usually made from 100 m to 160 m altitude 2t around 120 knot
indicated air speeds, Under unusually turbulent conditions altitude was in-
creased to 200 m or 230 m. Releases at altitudes lower than 100 m were
impractical because the wide crowned forest irees interfered with reference
point sightings. At aititudes ahove 1680 m bag drift was excessive under
windy conditions, On occasions bags were cbserved to fall an estimated
460 m from the flight path when released at around 230 m,

The pilot and flight supervisor employed a set of four identical topo-
graphical maps. The 1-km-~distant flight lines ploited on each map were
offset 250 m. to the right of the lines on the preceding map. After flying
all lines in a 1-3-2-4 map sequence sterile flies were distributed over the
area along paths 250 m apart. To compensate for wind drift and to ensure
sterile-fly coverage along the windward edge, flight lines were extended
750 m beyond the eastern boundary of ihe experimental site, A bag with
flieg was slit open on two sides ag it left the releage chute and dropped at
approximately 100-m intervals along each line. With this digtribution
pattern a weekly average of 96. 2% of the traps in the test area captured
sterile fHes, The 250~m distance between flight lines was arrived at as
a result of previous experience in methods development, Aerial releases
made at 500-m intervals in the test area gave evidence of irregular sterile-
fly distribution. Also trap catches revealed that substantial numbers of
sterile flies apparently tended to remain in the vicinity of where they left
the fallen bags. Later in the program a ground dispersal test conducted
in the experimental area demonsirated that over a 3-week period after
release 83. 8% of the sterile flies recaptured were taken within 250 m of
a 8, 2-km-long release line, Some individuals demonstrated greater flight
capability, Two flies were recovered at a point 10 - 10,5 an and one fly
at a point 11 - 11. 5 lon from the release line,

The effect of sterile males on the wild female population was measured

by host fruit sampling.. From Octoher 1968 to February 1969 random
samples of mature coffee cherries were taken each week except during
Jamuary from a number of locations within the test site and Check 1. Fruits
exhibiting oviposition puncture marks were dissected under a microscope
and a count made of any larvae and/or non-eclosed eggs found. The eggs
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were removed from. the fruit and held 4 days on moist filter paper in Petri
dishea to determine viability rates,

From 18 to 28 April random samples of ripe tree-picked mandarin
oranges were taken from three locations in the test area and six in
L.a Concepcién during the last of the commercial harvest. Fruit samples
were collected from citrus groves in which no medfly control spraying
was done. The directions and distences in kilometres of the groves in the
test area from their clogest point to the bait-sprayed border zone were as
follows: El Maderal 1. 7 west, San Fernando 0.9 west and Las Carolinas
1,8 south. All the groves in La Concepcién lie north of the bordetr zone.
That of R, Casiro is nearest at 0, 9 ksn, The others range from 1.1 o
1. 3 km distant. Twrap densityin the ¥icinity of the fruit collecting sites was
2.1/km?2 , The fruit samples taken from the test area and L.a Concepcidn
were held to determine infestation rates at one central poini in each of the
respective areas. The mandarins, separated in groups according to their
collecting sites, were spread in itwo layers over 2.5 cm of sand in shallow
pits protected from the sun. The sand was placed over cotton sheets fo
prevent the larvae from entering the soil. To protect the fruit from insect
predators a 30-cm-wide band of chlordane dust was spread around the
perimeter of the 100 m? holding sites. At 8 to 12 days after collection each
fruit was examined for mature larvae and the sand sified with a fine mesh
wire screen to recover the pupae,

In 1967 wild flies in the test area were lowest in September and
October, As the host fruit season progressed, flies increased to a peak in
January 1968 followed by a second higher peak in March (Table I}, In
anticipation of a similar wild fly population pattern during the
1968-69 season a spray application was given to the border zone on
28 December 1968, However, wild fly mimbers in Check 1 wereconsiderably
less than those in the same area the previous December. A late-maturing
coffee crop evidently was delaying the expected wild fly build-up which
occurred in January 1968, Consequenily spray operations were suspended
until an upward trend in the wild population became apparent in order to
reserve spray materials for the crucial period of high wild fly mimbers.
Through a misunderstanding a partial spray coverage was given the border
area on % Jamuary 1969, In mid-January native fly populations showed
evidence of rising., From 4 February to 20 March four spray applications
were made at 2-week intervals. The final spray applied 9 April was delayed
one week because of Holy Week festivities in Nicaragua. The suppressive
effect of the bait sprays on wild fiy build-up in the border zone is apparent
{Table I). In spite of the slow wild fly population build-up in the 1968 - 69
host fruit season wild fly smmbers peaked at nearly the same time as in
1967 - 68, During the week of 10 - 16 March 1968 the test area recorded
3, 492 wild flies/trap/day and Check 1, 1. 065, In 1969 from % - 15 March
respective catches in the two areas were 0, 063 and 1. 140. For unknown
reagons apprecigble numbers of wild flies were not produced in Check 2.
No wild flies were captured in Check 2 from September 1988 to January 1869,
The period of its peak wild fly trap caiches in March 1969 coincided with the
other areas but reached only 0, 030 flies/irap/day. Spot checks revealed
no infestations in coffee or mandarin. Therefore this Check was rejected
for comparison of fruit infestation data,

Wild fly populations were generally declining in the test area in
Sepiember 1968, In the week preceding the initial sterile-fly release, wild
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TABLE I, AVERAGE STERILE AND WILD FLY/TRAP/DAY CATCHES
IN 1968 - 69 AND WILD FLY CATCHES IN 1967 - 68 IN EXPERIMENTAL
AREASB

1068-89 196768
Menth Area Sterile wild wild
L}

September Test 4.43 s C. 044 0,022
Border 0. 56 0, 012
Check 1 ¢.Q 0.014
Check 2 0.0 0.0 0, 078
La Concepeibn

October Test 22,44 0. 017 0. 080
Border 4,72 0.018
Check 1 0.0 0, 007
Check 2 0, 007 0.0 0.0
La Concepcifn

Novemher Test 82. 85 0. 012 0. 568
Border 275 0, 601
Check 1 0.0 0.0
Check 2 0.014% 2.0 0. 105
La Concepeibn 0, 018 0.0

December Test 59, B9 0, 014 0.285
Border 9. 32 0. 006
Cheek 1 0.0 0, 003 0,115
Check 2 0. 006 0,0 0. 1588
La Concepelén 0. 005 0, 003

Japuary Test 31.65 %97 0. 010 0. 987
Border 3.2 0. 018
Check 1 0.0 0. 018 0.164
Check 2 0.6 0.0 2,497
La Concepeifn 0,178 0.0

Febmary Test 34 28 0, 028 Q. 53t
Border 3.59 0, 002
Check 1 [{RH) 0. 092 0,239
Checlt 2 0, 002 0. 005 0,212
La Concepoitn 0.188 0. 009

March Test 46, 1% 0. 040 1.588
Border 4.73 0. 005
Checlt 1 0.0 0, 549 0. 656
Check 2 0.m8 0. 025 0, 488
La Concepeibin 0.165 0. 038

April Test 27. 97 0. 038 0, 501
Border 2,62 0, 007
Check 1 n.o 0.347 0,117
Check 2 0. 003 0, 013 0,227
La Concepeién 0. 406 0. 342
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fly captures were 0, 044 flies/trap/day. After two weeks of releases the
sterile-to-wild-fly ratio reached 1186:1. Except for the penultimate weel of
the experiment when the ratio dropped to 238:1 overflooding with sterile
flies exceeded 433:1, With occasional wide fluctuations, weekly sterile-
to~wild-fly catches averaged 1338:1, Apart from variations in the sterile-
to-wild-fly ratios caused by differences in numbers of wild flies caught,

a few traps at times registered unusually high numbers of sterile flies, To
account for some of these anomalies there was evidence that fallen bags were
recovered and placed in coffee farms near where the traps were located.
Wild {lies appeared to be more prevalent in several rather well-defined
islands within the test area. To prevent 'hot spotg' of infestations from
developing, additional sterile flies were dropped at irregular intervals over
these areas. This was accomplished by releasing bags of flies rapidly
while the plane described an increasingly tight spiral over the target site,

Approximately 8889 coffee cherries from the test area and 6775 from
Check 1 were examined between October 1968 and February 1969, In fruits
from the test area 287 eggs, of which 7 were fertile, and 20 larvae were
encountered. The combined numbers of larvae and fertile eggs gave a
9, 41% rate of viable medfly forms. The coffee cherries of Check 1 yielded
224 larvae and 41 eggs, of which 38 were fertile, for a viable form
incidence of 98. 87%. These data indicated that fertile wild medfly eggs
and larvae were 90, 48% less abundant in the test area than in Check 1,
About 85% of the coffee infestation data was obtained during February from
only 22. 2% of the total amount of fruit examined in the entire period. At
this time more eggs and larvae were found inrelation to numbers of fruit
collected probably as a resuli of the higher fly-to-~fruit ratic expected late
in the harvest season,

The data of February alone show that viable wild medfly forms were
97, 11% less in the test area than in Check 1, From 2027 coffee cherries
collected in the test area 5 larvae and 205 eggs, only one of which was
fertile, were taken, representing a viable form rate of 2. 88%. Fruits
exgmined in Check 1 iotalled 1309, Encountered were 222 larvae aand 38
eggs, 35 of which were fertile, for a 98. 85% rate of live forms.

Medfly infestations in mandarin oranges from Check 1 and the test area
were not compared because the fruit harvest in Check 1 ended shortly after
the mid-March wild fly populaiion peak. In both La Concepcidn and the
test areas the owners of commercial-sized mandarin orchards delayed
the harvest until market prices improved. In March the fruit infestation
potential represented by numbers of wild flies caught was almost identical
in each area (Table I}, At this time, with a generation occcurring about
every 6 weeks, eggs deposited in fruit during March would be recovered
as pupae in April,

A total of 1134 kg of fruit was sampled in the teat area and 1279 kg
from the alternate check in La Concepcién, The infestation data in Table II
show that pupal recovery rates per pound of fruit averaged 90. 5% less in
the test area than in the check,

Approximately 1119410210 sterile fiies were released up to 3 May 1969
when the experim#hnt ended, Sterile-male fly recovery from the test and
border areas averaged 0. 0927% ftrap/km?2, Many of the sterile flies released
or which drifted into the border zone undoubtedly were killed by the
insecticide treatments. Movement of sterile flies from the test area into
La Concepcién and Check 2 was apparent (Table I). It can be assumed
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TABLE II. MEDFLY INFESTATIONS IN MANDARIN ORANGE SAMPLES
FROM THE TEST AREA AND FROM LA CONCEPCION

Arez Location Froit (kg) Pupae recovered Pupae/kg fruit
Test El Maderal 461 23 0.0718
San Fernando 396 1 0, 0025
Lag Carolinas- 272 21 0, 0758
Average pupae/kg fruit: 0. 0498
La Concepeibn €, Maninez 30 46 1, 5333
A, Otz 102 1 0, 0098
J. Santos 147 4 0. 0272
5. Hemindez 73 440 0, 5479
R. Castro 482 526 1.0913
U. Camasquilla 445 a7 0, 6831
Average pupae/kg fruit: 0,548¢

also that some wild flies migrated successfully into the test site, Another
possible mamer of wild fly introduction into the test area occurred in the
mandarin season. During this period the three towns situated within the
houndaries of the test area received considerable oguantities of fruit from the
major citrus producing region of La Concepcion,

In spite of these adverseconditions the wild fly population in the test
area increased only X 3. 3 from its relatively low level in November to its
peak in March, In contrast the wild fly populations of Check 1 and
L.a Concepcidn increased X183 and X47, 3 during the period from their
first detectable levels in December to their respective peaks in March
and April {Table I}.
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Abstract

THE PRE-RFLEASE PHASE OF THE 1968 MEDITERRANEAN FRIIT FLY SUPPRESSION EXPERIMENT IN
ITALY.

The vaiious steps involved in the production, sterilization and shipment of sterile Ceratitis capitata
(Wiedemann) for the 1969 suppression experiment en the island of Procida, Italy, are described. The
results of tasts, carried out on each shipment of pupae, 10 evaluate adult emergence and sterility are
reporied.,

1. INTRODUCTION

In 1967 and 1968 the International Atomic Energy Agency (IAEA)
co-operated with the Italian Ministry of Agriculiure and the Comitato
Nazignale per 1' Energia Nucleare (CNEN) in experiments on the izlands
of Capri and Procida, Italy, to demonsirate suppression of wild popula-
tiong of the Mediterranean fruit fly, Ceratitis capitata {Wiedemann),
with the sterile-ingsect method (IAEA (1968), Nadel and Guerrieri (1969)).
In 1969 a farther co-operative experiment was conducted on Procida to
confirm the applicability of the sterile-insect release method for centrol
of C. capitata. The present paper is concerned with the pre-release
phase of this experiment which was carried out by the IAEA Seibersdorf
Laberatory, Seibersdorf, near Vienna, and was divided inio two
distinct components; firstly, the production, irradiation and shipment
of all pupae for the experiment; and secondly, tests on each consign-
ment of pupae to evaluate adulf emergence and sterility of male and
female flies. The various steps involved in both components of the
pre-release phase are described.

2. REARING, IRRADIATION AND HANDLING QF PUPARE

Pupal production

The larval medium and techniques used in the rearing of the pupae
have been described (IAEA (1865, 1969), Nadel and Peleg (1968)). How-
ever, the transfer of production of pupae to a new laboratory provided
the opportunity for certain changes and improvements.

Pupa¢ were collected daily in trays containing bran placed beneath
the larval units. Not less than two days after collection, the pupae
were separated from the bran, either by sieving or in an air stream,
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and then stored in screen-bottomed trays. To minimize a heat build-up,
the depth of pupae in the tray never exceeded 2 cm.

To obtain pupae of as near as possible the same biological age,
each day's collection of pupae was stored at temperatures of 20°, 25°
or 28°C for varying periods (Nadel and Guerrieri (1868)}).

Marking of pupae

On the day of shipment, pupae from the variocus holding {rays were
mixed and then marked with ultra-violet fluorescent powders. Ap-
proximately one gramme of powder adequaiely marked 20 000 pupae,
and 100 000 pupae were marked at a fime. Four fluorescent colours
(green, red, orange and yellow) were used in rotation, one eolour for
all of one week's consignment, so that when irradiated flies were
trapped in the field not only could the time of release be determined
but the ratic of irradiated to wild flies could be established.

Irradiation of pupae

To obtain sterile male flies whose sexual competitiveness is
optimal, irradiation of pupae should be carried out within the last
24 hours of pupal life (Katiyar et al. (1968)}). However, because the
pupae did not arrive on Procida until 24 hours after irradiation, and
in order to aveid a large emergence of flies during this period, the
pupae were irradiated 48-24 hours before adult emergence was expected.
Thus, by the very nature of the program, the most competitive males
were not available for release. The biclogical age of the pupae was
egtablished by the eye-colour of the pharate fly within the puparium.
Over the last three days of pupal life the colour of the eyes changes
from light yellow through pink, dark red and finally to blue. The
actual timing of these changes relative to adult emergence will depend
on the temperature at which the pupae are stored.

Pupae were given a centre field dose of 8 krad in a 60 Co gamma
irradiator {Gammacell 220). Only 0.9 litre of the 3-litre-capacity
irradiation chamber was used to reduce the variance in dose asgociated
with the geometry of the chamber to + 11%. The dose rate at the mid-
point of the irradiation chamber (determined by Fricke dosimetry} de-
creaséd from 9.2 to 9.0 krad/min during the experiment.

During a calibration of the dose rate it was found that while a vial
of Fricke solution placed at the bottom of the irradiation chamber
received 8.4 krad/min, when surrounded by a 4-cm ring of mature
pupae the dose rate dropped to 7.9 krad/min i.e. by almost 6%. This
degree of absorption of gamma radiation by pupae was unexpected and
as a result the variance in dose received by the experimental pupae
would have been greater than + 11%.

Pupae were irradiated in an open-iopped pelythene container which
held 0.9 litre of pupae (depending on the size of the pupae, this volume
contained 40000 - 55000 pupae). Pupae were transferred io the ir-
radiation container just before treatment to avoid any effect of anoxia.
However, in a limited test, pupae were stored for 30 min in the polythene
container and then irradiated, Male flies which emerged from pupae at
the base of the container, where any effect of anoxia would have been
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most severe, showed normal levels of sterility. It was concluded that
anoxia was no problem during the routine irradiationg when pupae were
in the irradiation centainer for no more than 3 - 4 min.

To minimize the possibility of shipping a batch of unirradiated
pupae, the irradiations were normally carried out by one of the authors,
while two techniciane handled all other associated tasks. Towards the
end of the program glass ampoules of a radiosensitive solution which
underwent a colour change when exposed to gamma radiation were used
{Moos et al. (1970)).1 No discernible change in the red colour of the
radiogensitive solution occurred with less than 1 krad which would
result if the timer on the Gammacell was not reset, The desired dose
of 9 krad produced an obvious colour change (from red to pink) and
after 18 krad (which would result if a batch of pupae was irradiated twice)
the solution was colourless. The dosimeter was simple to use, had a
shelf-life of 4 - 8 weeks if stored in the dark at normal room temperatures
and, if prepared in large numbers, would be relatively inexpensive
(1 -2 US cents/ampoule). It warrants use in futare similar programs.

Packaging and gshipment of pupae

Immediately after irradiation the pupae were placed in shallow
cardboard trays (39.5 X & X 1 cm) which were covered with tight-fitting
terylene sleeves. Each tray held approxzimately 0.9 litre pupae. The
open end of the cloih sleeve was securely closed to prevent escape of
any flies which emerged during transport. The trays of pupae were
placed in two vertical tiers in a wooden-framed open-sided shipping
container (dimensions: 43 X 34 X 43 em high, Fig.1). The container
was an improvement over those used previously in that an additional
vertical support was provided in the cenire of the container which pre-
vented the cardboard pupal irays from collapsing. The trays were
separated by 1 em spacers io permit aeration and dissipation of meta~
bolic heat. A shipping container held approximately 19,8 litres of pupae
{792 000 to 1089000 pupae) in 22 trays, and fully loaded weighed ap-
proximaiely 15 kg. The pupal consignment was transported from Vienna
to Rome in the presgsure- and temperature-controlled passenger section
of a commercial aircraft. Normal flight time was 1.45 hours. The
number of pupae shipped during the experiment is shown in Table I.

3. QUALITY CONTROL TESTS

During the 1968 Procida experiment, it was found that the percent
emergence of flies varied widely between consignments. It was con-
cluded that this was due o the various pupal handling procedureg and
that the irradiation treatment was not a contributing facior (IAEA (1969)).
For the 1969 experiment, tests were implemented to routinely assess
the emergence of flies from ireated pupae and the sterility of the ir-
radiated males. Pupal samples for these tests were taken after the
pupae were irradiated and just before packaging.

! The dosimezer was developed and provided by W.S. Moas, J. Nagl and J, Haider of the
Dosimetry Section 2od Dosimetry Laboratory, IAFA, Vienna,
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FIG.1. The shipping container used to transport mature pupae. Note the method of packaging the
pupae and the use of spacers to separate individual trays of pupae,

Adult emergence

Samples of approximately 150 pupae were taken from each of 20
randomly selected shipping trays per consignment. These samples
were kept individually and the percent adult emergence three days
after irradiation and the total emergence were recorded. The 20 sampled
trays were identified and numbered and these were sampled again by
CNEN staff upon arrival on Procida.

The total emergence (Table I) estimates the viability of the pupae.
This viability is the result not only of the larval rearing procedure but
also of the treatment and handling of the pupae. The mean emergence
per consignment fluctuated rather widely and more than was acceptable.
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TABIE I. NUMBER OF IRRADIATED PUPAE SHIPPED TO ITALY,
AND ADULT EMERGENCE AND MALE STERILITY DATA FOR EACH

55

SHIPMENT
Shipment | Date irradiated | No. pupae shipped %o Adult emergence : Male steriliry b

No. and shipped (in millions) After T2 hours Total % egg hatch
1 18,8.69 0.3 B9 (83-87)  81(83-100) 5.3 {640}
2 25,8, 0.8 63 (44-84)  75(61-84} 5,5(794)
3 1.4, 1.4 74 (58-89) T4 (58-89} 4.1(2007)
1 9.4, 2.2 65 (52-81) 66 {53-84) 1.4 {1484)
5 16.4, 0.5 B2 (54-70) O (62-TT) -
[ 23.4. 0.8 81 (77-83)  B1{73-84) -
7 28.4. 0.3 T4(T2-TT) T {12-TD -

8 5.5. 2.1 63 (43-88) 67 (48-88) 8.2 (2647)
2 15.5. 1.6 69 (56-90) 82 (T1-90) 1.0(101)
10 19. 5. 0.8 73 (65-78) - 1,0 (3726)
1 21.5. 1.0 92 (89-96) 92 (89-96) 6.9 (3159)
12 27,5, 3,2 B8 (75-98) BB (78-93) 2.6 (257D
15 3.86. 2.3 49 (85-66) - 4.4{1529)
14 10,8, 1.4 52 (37-70) - 1.9 (1954)
15 19.6. 8.1 54 (46-60)  T7(70-86) 2.4 {2M2)
16 24.6, 1.7 41(21-58)  67(58-8T 4.2 (2780)
17 1.7. 1.2 51(37-62)  DO(83-94) 1.7(2M]

18 8.1, 1.5 ATl pupae died

19 B.7. 1.0 18( 3-58) 88({82-94) | . 1.5(2%0%)
20 10,7, 6.8 73 (55-79) 80 (70-86} 0. (1808)
21 15. 17, 3.1 47 (40-58) 72 (62-79) 1.2 (2780)
22 22 7. 1.0 69 (62-80)  91(38-34) 1.6 (5276)
23 31,7, 1.5 T1(62-80) 75 (54-31) 1.2 (3304)
24 5.8. 5.0 73 (64-78) 88 (82-93) 2.6 (3255)
25 12.8. 2.0 68 (54-79) 86 (78-91) 8.2 (1607)
26 19.4. 2.0 22( 8-86)  91(86-95) 2,9 (8802)
27 26.5. 1.6 28 ( 1-49) 78 (86-84) 1.9 (16186)

2
Fipures in parenthesis indicate the range of emergence.
Hatch of eggs obrained from normal females mated with irradiated males; figures in parenthesis
indicate the number of eggs on which the percent hatch was based.
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We believe that much of this variation was due to the need to retard or
increase the rate of pupal development. The occasional wide variation
in emergence between shipping trays within a consignment {e.g. data

for shipment 8), which is indicated by the range values in parenthesis,
wasg undoubtedly due to inadequate mixing of the various pupal lois hefore
irradiation.

In the 1969 experiment it was believed that only those flies which
emerged within 3 days of irradiation would have an adequate level of
competitiveness. It was for this reason that the emergence after 3 days
wag measured. The variable 3-day emergence data (Table 1) indicate that
on a number of occasions pupae were not irradiated at the desired stage
of pupal development. This can be atiributed almosi entirely to the
need for controlling the rate of pupal developrment.

When the 3-day emergence data from Seibersdorf and Procida were
compared {(for the same shipping trays) it was clear that emergence
was usually, and often appreciably, lower on Procida. This must be
attributed primarily toadverse conditions experienced by pupae en route
from Seibersdorf to Procida. Sampling errcor would also contribute to
variations in emergence recorded at Seibersdorf and Procida, and this
point was investigated. In one experiment 19 samples of approximately
170 pupae were taken from one tray of pupae Immediately before ir-
radiation. After irradiation the tray of pupae was kept at 25°C for
24 hours (equivalent to the {ime elapsing from departure of pupae from
Seibersdorf to arrival on Procida) when 19 further samples were taken.
The percent emergence of flies, three days after irradiation, was re-
corded for both sets of samples. The resulis (Table II) show that in
the absence of irradiation a considerable variation in emergence can be
expected, due solely to sampling errors. The magnitude of this varia-
tion decreased when samples were taken after irradiation (the coefficients
of variation were 14.4% and 85.8% respectively).

A further experiment was carried out with samples from one tray
of pupae taken immediately before and immediately after irradiation
and then 24 hoars later. The resulis (Table III) confirmed those ob-
tained in the previous experiment. In both experiments the data clearly
show that the irradiation treatment accelerated the emergence of adults.

TABLE II. VARIATION IN PERCENT EMERGENCE OF ADULT FLIES
DUE TO SAMPLING ERROR; SAMPLES FOR EMERCGCENCE WERE
TAKEN FROM THE SAME BATCH OF PUPAE

Sampied before Sampled 24 hours afrer
icradiation irradiation
Mo, of samples 18 19
Mean no, of pupae per sample 171.5 159.6
Mean emergence (%} 6.4 80.5
Range of emergence (%) 42.1- 8b.8 53.8 - 95.4

45% CL of mean (%) 46.3 - 86.5 64.0 - 97.0
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TABLE II. VARIATION IN PERCENT EMERGENCE OF ADULT FLIES
DUE TO SAMPLING ERROR; SAMPLES FOR EMERGENCE WERE
TAKEN FROM THE SAME BATCH OF PUPAE (second experiment)

Sampled before Sampled immediately Sampied 24 hours

irradiadon after irradiavion after irradiation
No. of samples 17 7 17
Mean no. of pupse per sample 202.3 212.2 205.8
Mean emergence (%) 79.2 88,6 89.9
Range of emergence (%) G6.8 - 90,8 84.1- 94.3 85.8 - 93.8
9%% CL of mean () 65.1- 93.3 83.3 - 93.9 85,3 ~ 9%4.5

Male sterility

A further sample of approximately 150 pupae was taken from each
of the 20 randomly selecied shipping trays mentioned earlier. These
samples were combined. From the flies that emerged over a 24-hour
period, males were selected and mated with normal females, Four
cages, each containing 25 irradiated males and 25 normal females,
were established for each pupal consignment. Samples of approximately
200 eggs were taken from each cage twice per week for 2 weeks and
egg hatch was recorded after 5 days at 25°C. From shipment 19 on,
the procedure was changed to conform with that carried out at the
CNEN Laboratory. A sample of approximately 100 pupae was taken
from every shipping bag and the males which emerged from the pooled
samples were used for the tests.

Overall, egg hatch was acceptable and within the limits to be ex-
pected from a dose of 9 krad + 11% (Table I). While in precise dose-
sterility experiments we have obtained a mean egg hatch of 1.9% with
a dose of ® krad, within one replicate the day-to-day egg hatch data
can vary from 0.8% to 6.9% (Hooper, unpublished data). Therefore,
the occasional values of 3 - 5% hatch obtained during this program are
not indicative of any deficiency in the irradiation procedure.

4. DISCUSSION

Since it was necessary that the main emergence of flies from the
irradiated pupae did not commence during the 24 hours or more which
elapsed hetween irradiation at Seibersdorf and arrival on Procida, the
most competitive males were precluded from the experiment. This
point should be remembered when examining the results of the field
experiment (de. Murias et al. (1970)).

The quality control tests indicated that:

(a) there was inadequate mixing of the various batches of pupae
before irradiation,
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(b) all pupae were not in the same developmental stage when

irradiated, and

(c) total emergence of flies was below the desired level on a

number of occasions.

The need o adjust the rate of development of the pupae, in order
to ship a maximumm number on a once-per-week schedule, contributed
to a greater or lesser degree to each of the above problems. If it
had been possible to release sterile flies several times per week,
problems (a) and (b) would have been eliminated and the severity of
problem (¢} reduced. Therefore, in any future suppression or eradica~
tion experiment, maultiple releases per week should be considered a
primary requirement. If for any reason the rearing facility must be
lecated at a considerable distance from the release area, then young
pupae should be shipped and irradiated close to the release area
(quarantine regulations permitting).

The chemical dosimeter described and used in part of the program
is worthy of further testing as a simple check on irradiation procedures.
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AN EXPERIMENT T CONTROL THE MEDITERRANEAN FRUIT FLY ON THE ISLAND OF PROCIDA BY THE
STERILE-INSECT TECHNIQUE.

During 1963 an experiment to evaluate the sterile-insect technique as a merhod of control for the
Mediterranean frujt fly, Ceratitis capitara {Wiedemann), was conducted on the island of Procida, Although
releases were initiated rather late (16 May) and with fewer flies than originally planned, adequate protection
of most of the commercial peaches and apricots was achieved, In the release area a number of fruits showed
punctures withont eggs. These are considered as mechanical damage done by released sterile females but
the economic immportance of such punctures could not be determined. Observations indicate that at least part
of the Mediterranean froit fly population overwinters fn sour orange varleties. Thaese fruits should be picked
during the winter and destroyed, thus at least reducing the new popuolation in the spring,

INTRODUCTION

The damage caused by the Mediferranean fruit fly (medfly), Ceratitis
capitata (Wiedemann), to Italian agriculture is increasing mainly because
farmers are finding it harder ic choose suitable means of controel in view
of the difficulties frequently associated with the use of insecticides, such as
undesgirable residues and biological disequilibrium. The sterile-insgect
technique has opened up new possibilities of insect pest control.

The originator of the sterile-male technique, Knipling (1255), formulated
its basic theory as long ago as 1938, although the method was not appiied
in the field until 1954 (Baumhover et al. (19255}, Knipling (1960)). Fruit flies
(Ceratitis, Dacus and Anastrepha) were the object of the first investigations
in the field of agricultural entomology. BSteiner and co—workers {1952,
18564, b) demonstrated that practical control could be abtalned by releasing
sterile fruit flies into the native population.

* Contribution 242 from the CNEN Agricultural Applications Laboratory, Casaccia Nuclear Studies Centre,
5. Maria di Galeria, Rome, Italy,

t Present address: Departamento de Parasitologfa y Botinica, Instituto Tecnolégico de Monterrey,
Monterrey, M,L., Maxteo,
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In 1967, under the auspices of the IAEA, two successful experiments
for controlling the medfly were carried out using the sterile-male technigue.
One, reported by Rhode (1970}, was in Nicaragua, Central America; the
other, reported by Nadel and Guerrieri(1969) was on Capri, Italy.

In 1968 and 1969 the island of Procida was chosen by scientists of
CNEN, IAEA and MAF1 as the area for further research work because of
its special agricultural characteristics, i.e. it contained many diiferent
hosts of Ceratitis. The main objectives were:

(1) In 1968, to collect bioecological background information, on wild,
normal and released sterile flies, which would permit a rational
application of the technique {de Murias, Cirio and Enkerlin
{in press}).

{2) In 1989, (a) to establish whether it would be possible {o use the
technique for the control or eradication of Ceratitis, and
{b) to determine whetheér the sterile flies, released in large numbers,
could cause any damage to the fruit.

The program was initiated in April 1968 with a series of bioecological
observations comprising studies of population, movement, cdpture and
hosts. At the same time various systems of releasing irradiated flies were
compared with reference to the radiation dose applied, the stage of the
insects treated and the feeding prior to release. The results of this phase
of the work are reported by de Murtas, Cirio and Enkerlin (in press).

For the 1969 seascn, a full-scale control experiment with weekly re-
leases of several million flies was planned. Results of this experiment are
discussed in the present paper.

MATERIALS AND METHODS

A, Description of the environment

{1y Release area

Procida, the smallest of the Parthenopean islands, has an area of
3.7 km?2, is flat and elongated and characterized by intensive cultivation
of citrus and grapes, frequently associated with peaches, medlars, figs
and apricets. A few plants of the Opuntia genus, carob trees, olive trees,
generally isolated, are to be found in the uncultivated zone near the sea.
The favourable climate and environment and the extremely fertile land of
voleanic origin allowed a fairly dense human population to settle, splitting
up the island into over a thousand holdings, used for fruit growing, mainly
on a family basis. These factors have provided Ceratitis with ideal con-
ditions for causing seriocus damage.

{2) Coantrol areas
{a) The surroundings of Bacoli, not far from the mythical Cape Miserno,

face directly on a channel, a few miles wide, which separates the isiands
of Ischia and Procida from the mainland. Broadly speaking, the orchards

1 Ministry of Agriculture and Forestry, Italy.
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here follow the typical pattern of general fruit growing which has developed
on a family basis. In contrast to the inhabitants of Procida, the farmers
of the region rely very frequently on the use of agricultural chemicals to
control infestations of the fruit fly, which, as on Procida, are found in
very large numbers.

(b} Capri is the best known of the Parthenopean islands, Its special
geographical conformation, its relative isclation from the mainland and,
last but not least, the bioecological information gathered during and after
the 1867 experiment, convinced us that it would be a good idea to carry out
the contrel cbservations also on this island.

{3) Meteorological data

On Procida the meteoroclogical data were collected in the immediate
vicinity of the laboratory where a small hut was fully equipped with a
hygrothermograph, a rain gauge and an anemometer. Two other hygro-
thermographs were instalied, one near Marina-Porto to the north and one
at Punta Solchiaro, in the south of the island, which is characterized by a
climate contrasting with that of the other areas of Procida.

The data on the island of Capri were provided by the Air Force
Meteorological Service.

B. Irradiated insects

The release of sterile flies in the field commenced on 17 May 1869,

On the basis of the tests carried out in the preceding month on the northern
slope of the island it was considered appropriate to release two-day-old
fasting Cersatitis adults obtained from pupae irradiated at a dose of 8000 rad
with a cobalt-60 source and marked with suitable fluorescent dyes,

The rearing of the flies, marking and gamma irradiation were carried
out at the Seibersderf laboratory of the IAEA {Nadel and Guerrieri (1969)),
The pupae, irradiated 1-2 days before emergence, were sent by air from
Vienna to Rome in special well-aerated containers, which completely
eliminated any risks to the insects from a possible temperature increase
produced by their intense metabolic activity.

On arrival, the pupae were immediately transported in an air—
conditioned vehicle at a temperature of 25°C to Pozzuoli, from where they
were taken by boat to Procida and a rustic laboratory located in a house in
an isolated area. There they were put in special 50 cm X 40 cm paper bags,
each containing approximately 5000 specimens. These bags were placed in
a closed area in the cellar with a fairly constant temperature of about 24°C.
When shipments arrived on the island, about 20 samples of approximately
200 pupze were taken from trays which had been marked for this purpoze
at the Seibersdorf laboratory. Fach sample was placed in a Petri dish in
order to obtain percent emergence data 72 hours after the arrival of the
shipment. In addition, daily observations of release bags and Petri dishes
were made in order io determine the day on which flies should be released
and to determine percent emergence as compared with emergence in the
Seibersdorf laboratory {Hooper {1970). However, flies were never kept
in the laboratory longer than three days.
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C. Release of the Irradiated Insects

Before proceeding to the first release of sterile flies, a large number
of bloecological observations were conducted and population {de Murtas,
Cirio and Enkerlin, in press), flight distance (de Murtas, Enkerlin and Cirio,
in press), host and predator studies (Cirio, personal communication to
Boller) were performed., Particular care was taken in distinguishing the
preferential hosts. On the basis of the results obtained, the island was
split up into 426 zones containing release situations 5¢-100 m from each
other. At the poinis of maximum host—plant density some additional
releases were carried out. Previously, individual release stations had
been selected and marked by tying a coloured cloth sirip to the branch of
a suitable tree. Each week the bag containing the irradiated flies was
attached to the cloth on a branch and ripped open, or if a particular garden
was closed, the bag was thrown, opened, over the wall.

The numbers of adults released are given in Table I. It was hoped
to release 3 -4 million flies per week in order to overflood the native popu—
lation with about 10 thousand sterile flies per hectare per week, but owing
to technical problems with the rearing in the Seibersdorf Laboratory and
the rather low percentage emergence on the island, weekly releases were
much lower.

D. Methods for evaluating the effectiveness of the technigue

Continuous control was needed in order to obtain precise information
on how the experiment was proceeding. With this purpose in mind, use was
. made of direct methods such as examination of the fruit to check for infesta-
tion and obtaining eggs to determine percentage egg hatch, and of an
indirect method by weekly trapping of flies.

(1) Examination of the fruit

The purpose of examining the fruit was to make a quantitative comparison
of the degree of infestation of the fruit in the experimental area and the
control areas, For this purpose we selected on Procida 25 representative
orchards characierized either by the presence of several hosts or by dif-
ferent conditions broadly represeniative of most of the microhabitat of
the island. Because of heavy rains in the spring, the main flowering period
of apricot and peach trees, the fruit of these two main hosts was quite
scarce and farmers in most areas could not be persuaded to sell ripening
fruit to the research workers. Therefore, infestation data were taken in
two ways. The first consisted of manual and visual examination of the
fruit hanging on pre—determined trees selected at random. This method of
inspection is not considered {0 he very accurate. The second consisted in
picking at randem an amount of fruit from the same trees and in placing it
in suitable boxes over a metallic mesh, which allowed any larvae present
to develop and fall to the bottom. It was lined with sawdust to facilitate
pupation (Fig.1). A similar procedure was followed in the case of the fruit
gathered in the control areas. This very accurate method could be done
only occasionally because of the very limited amount of fruit.
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FIG.1. Rudimentary box to keep fruit for later examination.

(2) Determination of percentage egg hatch

One of the major problems in the field for those employing the sterile-—
male technique is to determine the extent of matings of irradiated males
with normal females, which is the indication of the effectiveness of the
released insects. Determination of egg hatch in our experiment provided
an excellent solution to this problem.

Peaches and apricots provided excellent material for these studies.
Citrus fruits were less suitable because the skin easily masks the puncture
made by Ceratitis and the oviposition chamber hardens completely.

The procedure was as follows. In the orchards mentioned on Procida
and in the control area at Bacoli, fruit was gathered at random periodically
and taken to the laboratory. FEach fruit was carefully examined. First of
all the punctures were counted and then at each puncture a circular section
was removed with a razor blade and subsequently cut open to reveal the
oviposition chamber. Any eggs or the chorion shed by the larvae were
collected with a fine, hard, nylon thread under a stereoscope. Unhatched
eggs were placed for three or four days on humid filter paper in Petri
dishes. The results are given in Table III.

(3) Trapping method

An indirect method of evaluating the effectiveness of the technique is
to capture flies in the field and determine the ratio of marked (sterile) to
unmarked (fertile) flies. For this evaluation special plastic traps of the
'"Nadel type' were used; four were set in each of the 25 representative
orchards or group of gardens on Procida in peach, medlar, fig and lemon
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trees respectively. The distance beiween the traps in each area was
approximately 75m. The bait used was a mixture of trimedlure ard
1% DVVP.

The traps were placed once a week in previously marked trees for
24 hours, usually the day before the subsequent release, and were collected
shortly before that release. The captured adulis were placed in the dark
on a sheet of black paper and exarined under an ulira-violet light
(254 mu/220 V bulb) which allowed the colour-marked [sterile) flies to be
distinguished immediately from the unmarked insecis. For greater
reassurance the heads of apparently unmarked flies were crushed and
examined, by means of a stereoscope, for iraces of the dye on the ptilinum.

EXPERIMENTAL DATA AND DISCUSSION

(2) Infestation of the fruit

Table i shows the percentages of infested fruit on Procida and in the
conirol areas for each series of observations carried out between 30 April
and 30 August. The data on the fruit inspections in the period from
September to December are not given, since the last release of sterile flies
took place on 13 August and the experiment was not aimed at eradication.

On Procida it was found that the common cranges suffered practically
no damage from Ceratitis. Of the 3735 oranges examined, only cne had
been attacked. The situation with respect to pears was similar in all cases.
In peaches and apricots infestation was reduced to a level which the farmers
described as negligible after being resigned for decades to the loss of more
than half of their harvest every year. The maximum percentage of infested
fruit was 4.8 for apricots in mid-July and 7.6 for peaches in mid-August.
During the previous year 18% of the apricots had been infested at the same
time and 92% of the peaches,

Sour oranges deserve special comment. This fruit, which is not edible
for man, underwent strong attack from medfly. Apparently, during the winter
and spring, sour coranges are preferred to common oranges. On the other
hand, the latter usually fall to the ground once infested, whereas sour
oranges stay for a long time even if attacked by medfly; this makes them
the ideal overwintering host. Ewven heavy release of sterile flies close to
sour crange trees did not reduce infestation. The spread of feriile females
to other areas was apparently prevented. It is concluded from this that if
the medfly can vary its behaviour in its choice of host, sour oranges, which
are not normally harvested, might be preferred. Particular attention should,
therefore, be devoted to this fruit as on Procida it provides centres of
infestation.

The data on the control areas present quite a different picture. In the
orchards of Bacoli-Capelle it was found that attack on the fruit gof out of
control, as shown by the extremely high percentage of infestaiion in
peaches, apricots and pears, notwithstanding the fact that farmers had
treated the trees no less than four times with insecticides based on Rogor
and Parathicon in June and July.

On Capri, fruit infestation by the medfly began later than on Procida
and at Bacoli, but by the end of July apricots were folally infested, while in
the period 15— 30 August, damage to peaches increased from 3.2 to 82, 8%.
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TABLE III. DATA ON PUNCTURES AND EGG FERTILITY PER
100 PEACHES IN THE RELEASE AND CONTROL AREAS
(PUNCTURED PEACHES SELECTED FOR STUDY REPRESENTING
NON-RANDOM SAMPLE)

Locality
Critetia % reduction
Procida Bacoli
Total no. punctures 187.4 236.5 -
Punctures without eggs 81,1 ¢.2 -
Punctures with eggshells 40,7 226.95 BE.0
{hatched eggs)
No. eggshells 264,85 18609.1 85,4
Punctures with eggs 68,3 8.2 -
No. eggs B5B.2 88.4 -
(placed in Petri dishes)
% egg hatch in Pewi dishes 4.0 54,2 -
Punctuies with eggs and 108.0 236.7 53.8
shells
Total hatched oggs 293.1 1853.0 #4.2
Total percemtage harch 1.4 9.2 -

{hy Results of fruit examination

Table III presents data on numbers of punctures, number of eggs and
percentage fertility when collecting 189 apparently stung ripening peaches
on Procida and 28 in the conirel area (Bacoli-Capelle}. Data were trans-—
formed for 100 fruit. A much larger sample of stung fruit would have been
more meaningful, but could not be obtained for several reasons. The total
number of ponetures was only somewhat higher in the control area but most
of the punctures had hatched eggs {empty chorions or egg shells}). On
Procida the highest number of punctures {83, 1) had no eggs indicating that
they were rade by released radiated females. The number of punctures
with hatched eggs (fruif with larvae) was over 82% less in the release area
than on the mainland.

As expected, many more punctures (68, 3) with unhatched eggs (658) per
100 peaches were found in fruits from Procida as compared with the control
area (9.2 punctures with 68 eggs per 100 peaches). When placing these
eggs on filter paper in Petri dishes only 4% of those from the release area
hatched as compared with 64.2% of eggs from the control area {Bacoli).
The considerable number of sterile eggs found in oviposition chambers
confirms a substantial number of matings between sterile males and normal
females. From fruit picked in the release area 40,7 punctures revealed
empty eggshells. Ih all cases, when these peaches were carefully opened,
larvae could be found close to the stone. Therefore, the number of empty
eggshells are expressed as hatched eggs. By adding these to the eggs
hatched in Petiri dishes, the total number of eggs hatched per 106 stung
fruit in the release area was found to be 293.7 as compared with 1853.1
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in the contrel area; this means a possible 84.2% reduction in young larvae.
All data were taken in medium io late varieiies during the latier part of
July. During this month the ratio of sterile flies tonormel{lies dropped
rapidly and infestation was expected. In the early varieties reduction of
infestation was much higher. Punctures of fertile females could not be
found and farmers reported the best fruit in many years.

{c} Release data and trapping observations

The first columns of Table I show the number of pupae shipped to
Pracida during the release period, the percentage emergence and number of
adults released. When comparing the percentage adult emergence on the
island of Procida and in the Seibersdorf laboratory (Hooper and Nadel
{1970}}), it can be seen that emergence was not detrimentally affected by the
shipping procedure except in late June and on 6 August. There could be
several reasons for poor emergence on these dates; for example, heat
exposure at the Rome airport or during the transport from Rome to
Procida. ©On several occasions emergence at 72 hours was higher on the
island than in the Seibersdorf laboratory.

In the last columns of Tahble I, trapping data during the 1962 release
operation are shown. It can be assumed that marking efficiency was as good
as possible and probably in the vicinity of 99.8% as reporied by Rhode {1970),
when using a similar method of dyeing and observing the captured flies by
means of u.v. light. We therefore assume that the unmarked flies in all
cases except on 5 Juhe were wild flies and their number is apparently in
relation to the number of sterile flies released and the increase of the wild
population as the season advanced. The sterile-to-wild ratic dropped
considerably after mid-June and this correlates with the increase of fruit
infestation (Table II).

In Fig. 2 the number of wild males captured per trap, per day, are
presented for the 1968 and 1969 spring and summer months. It should be
noted that in 1969, when sterile flies were being released weekly, the
population of wild males remained very low as compared to 1868. It in—
creased after August, but releases of sterile flies were stopped in
mid-August.

CONCLUSIONS

The use of sterile insects for the control of insect pest populations
undoubtedly marks a new chapter in the field of applied entomology. This
technique, which is among the most sophisticated of the biclogical control
systems, in cur opinion fits perfectly into the wider context of integrated
control, provided that due attention is paid to all the intrinsic biological
factors concerning the insect and that more detailed studies are made of
the limiting factors to which the insect is subject when released. This
entails in the first place the solving of complex problems, such as mass
rearing of the insect, irradiation with the right dose, and transport, in
aorder to have the most competitive flies possible. In the second place,
farmers have to be convinced of the effectiveness of the sterile-insect
technique so that all agree to its application at the most convenient moement
in order to achieve success.
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FIG.2., Number of captured wild males on Procida.

The manual release of the irradiated adults, while undeniably having
the advaniage of making cautious operation possible, caused an extra burden
of work because of its slowness and because of the difficuliy in finding suf-
ficient technical labour. It is therefore to be hoped that future releases

can be made from the air. The test conducted by Nadel et al. (1987} with
aircraft (or helicopters) and by de Murtas (unpublished data) with a heli-
copter, and the large~scale experiment in Central America (Rhode (1870))
gives grounds for such hopes.

A third point, no less important than mass rearing of the species under
study, has been the collection of all the information on the behaviour of the
insect in the field, which has enabled us to determine that releases on
Proeida should start as early as late March to reduce to a minimum the
number of sterile flies required to obtain a maximum degree of conirel.

In this connection the value has been proven of trimedlure traps, used not
only for the study of the population dynamics but alsc for observing the
dilution and movement of the species in the surrounding environment.
The data’ given in the tables indicate that the irradiated insects have
carried 6ut their tisk. Meanwhile, the numerous unhatched eggs found in
it provide a ¢lear answer fo our main question, narmely, whether it is
possible to apply the sterile-insect technique successfully.
Moreover, the reduction of the fertile population con the island, and
the considerable reduction in the damage to fruit — despite the fact that the
male sterile-to~fertile ratio was not adequately maintained becaunse of the
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brief period of the experiment, and despite late initiation of release and
insufficient numbers, due to logistic and personnel problems ~ has led us
to conelude that the sterile-male technique when skilfully employed is a
tool which will continue to find increasing application for the control of
insect pesis, especially fruit flies. We believe this all the more when we
consider that the technigue, although complicated and rather expensive,
appears to held no dangers for man.

The sterile fernale medfly, when released in great numbers, causes
mechanical damage through punctures without eggs. The economic
significance of this darmage to peach and apricot remains to be determined.
Sour orange varieties are adequate hosts and at least part of the medfly
pepulation on the island spends the winier in this fruit as grown larvae.

S0 it is recommended that farmers pick these fruits during late winter and
destroy them, thus reducing the overwintering pepulation.
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Abstract

SOME OBSERVATIONS ON DECREASED VITALITY OF [RRADIATED MEDITERRANEAN FRUIT FLY.

It is shown that the irradiation of Caratitis capitata (Wiedemann} must affect the functicns of the
digestive apparatus and of the male genital organs. On the whole the competitiveness of irradiated males
compared with unirradiated cnes was clearly reduced.

The loss of vigour after sterilization is an important matter in the
success of the autocidal method, The effects of irradiation doge on some
life functions manifesting this vigour have been investigated in
Ceratitis capitata (Wiedemamn).

1, INGESTION OF ¥P-LABELIED MOLASSES

2p_labelled molasses {1 uCifg) were offered to flies at three defined
stages of their life after they had been irradiated, in their late pupal stage,
with different doses from a caesium-137 source (71 ®/min). The activity
of every fly in each experimental unit of 40 individuals was measured
immediately after the feeding period.

It is seen from Table I that flies which had been irradiated with 2, 4,
6, 8 or 10 kR showed higher counts than untreated flies. The difference
was more marked in those which were fed 32P during the first 3 days than
the flies offered 3P during the periods from the 6th to the 9th and from
the 12th to the 15th day after emerging.

It is possible that the irradiated flies excrete less than the non-
irradiated flies, perhaps because of damaged gut cells. But histological
alterations of the mid-gut could not be found.

2. FREQUENCY OF SPERM TRANSFER BY IRRADIATED MALES

Males were irradiated with 2, 4, 6, 8, 10 kR gamma-rays of a 13%Cs
source (71l R/min) at the late pupal stage. As adulis they were caged for
24 hours with virgin females, which were replaced daily by new ones.

The sperm content of the spermathecae of these females was examined,
giving information on the sexual activity of the males. The sperm content
of these was designated normal, small or nil.

No statistically significant (5% level of error probability) differences
of sperm transfer between the males irradiated with the desages of 2 to
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TABLE L. RADICACTIVITY (100 COUNTS PER MINUTE) OF IRRADIATED
FLIES AFTER THEY WERE FED 2P-LABELLED MOLASSES DURING
DIFFERENT STAGES OF THEIR LIFE

Feeding petiod Iradfation dose (kR) 2
(days after
emergence) o 2 4 [ 1 10
1-3 41,1 gh 50,9 cde 65.0a 52.8cd 50.8b 45.90 fg
E=-9 36.2h 5.3¢c 46.7 ef 59.9b 51. 5 cde 48, 6 def
12 -19 40,0 h 41,1 gh 5. 3 ede 51.9 cde 49, 0 def 66.4 a
Average: 29,13 48, 79 G 92A B4 6BA 53, 45A 58,8324

% The differences between values characterized by the samne letter are not siguificant (P = 0. 0I).
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FIG.1. Relative frequencies of sperm transfer by males of C. capltata (Wiedemann) iz relation to age and
jrradiation,

N = ber of sperm t

N, = number of tested flies
&  coutrol males (normal spermn quanticy}

QO average (2 - 10 kR) of immadiated males (normal sperm quantity}

¥ average (0 = 10 kR) of comrol ‘and unimadiated males {small iperm quantiry)

£

10 kR could be observed. Therefore, the results of the 2 to 10 kR experi-
mental units are presented (Fig.1) as an average (open circles), However,
the control males (full circles) copulated significantly (1% level of error
probability) more frequently than the average of the irradiated ones. The
tests were conducted over a period of 36 days. A recovery of the males
wag riot observed. The results indicate that irradiated males do not
transfer a smaller sperm quantity {x) than conirol males.
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3. OBSERVATIONS ON THE COMPETITIVENESS

The ingects were irradiated at the late pupal stage (71 R/min, 137Cs).
Then males were caged with normal females, Also, non-~irradiated pairs
were caged together with either irradiated pairs, irradiated males or
irradiated females. In each combination the initial ratio of irradiated
1o neon-irradited males or females was 1;1, The hatching rate of these
mingled populations was considered {0 be a measure of the competitiveness
of irradiated males, An undiminished competitiveness of the irradiated
males would result in 50% egg fertility according to the general formula

- 9F emp
f en + 1 (1)

where f = hatching rate (%) of eggs of the mingled population
q = hatching rate (%) of eggs of an untreated population
P = hatching rate (%) of eggs of a populaiion of irradiated and
non-irradiated females

irradiated males
non-irradiated males

n-=

4]

e = competitiveness of irradiated males.

The formula is based on monogamy of the species. The degree of
competitiveness reduction is indicated by the factor e which is 1. { in the
case of full competitiveness and 0, 0 in the case of its complete lack,

The standard error of e or its confidence interval was calculated by
partial differentiation of

g-~f

“RE-D) )

e

with respect to q, £ and p:

de=W’I_PTé[Bq[f-p)+3f(P"Q}+aP(Q"f)]

dq, of and 3p are the standard errors of q, f and p multiplied by the
relevant t-values {8% level of error probability) so that de equals the
confidence interval of e (see Table II),

The crossing of irradiated males and normal females showed hatching
resulis similar to thai of Féron (1966)* (Table II),

The fertility of populations with females (i X nd'?) treated with doses
of 8 or 8 kR did not differ from the conirol units possibly because the egg
production of these irradiated females was very small,2 TFor the same

! FERON, M., Ann. Epiphyties 17 (1966) pp. 229-39,

% f =jrradiated: n = normal
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TABLE II. EGG HATCHING (%) AFTER IRRADIATION OF THE MALE
PARENTAL PUPAE (AVERAGE OF 2 EXPERIMENTS; ONE OF THEM
5 TIMES, THE SECOND ONE 4 TIMES REPLICATED; 5 BATCHES OF
20 EGGS PER REPLICATION)

Irradiation dose (kR): 4 6 2 Control
Egg hatching (%) 8.4 3.0 1.3 81,0
Confidence tmerval™ (1 g5 - 8%) 1.8 0.8 0.7 2.8
Egg hatching (o) cotrected to a4 a2 1.6 9.0

2. %> control hatching

Confidence interval™® (fy g5 « 55) 2,0 0.8 6,7 3.0
corrected o 92, 0% control hatching

¥ fgug = t-value of 5% level of error probabillty; sg = siandard deviation of 4 mean,

TABLE III. RELATIVE FERTILITY (%) OF EGGS AFTER IRRADIATION
IN THE PUPAL STAGE (AVERAGE OF 3 EXPERIMENTS EACH ONCE
REPLICATED; 5 BATCHES OF 20 EGGS PER REPLICATION)

Population Doses (kR) 2
Irradiated Normal s} 4 6 8
& cg 90 a 68 de 57f 72 cd
o oQ 92 a 75 be 80 ef 70 ed
g Jge 932 84 b 922 9 a
Average: 92.8 5,7 68,1 .7

2 The difference between values characterized by the same leter are statistically net
significant (P = 0. 01).

reason, using these doses, fertility rates of populations of normal pairs
kept with only irradiated males (i¢ X no'®) or irradiated males and
fermales (id'? X nd'®) did not show any significant difference. The egg
fertility of the two populations was lowest after the irradiation with a dose
of 6 kR. In applying a 4-kR irradiation dose the higher residual fertility
of the males can be recognized, These points are shown in Table IIL

In the first experiment {first two lines of Tahle II) the average hatching
rate of the control was 81%, and in the second one {see column 3 of Table III}
it was 92%. The results {see the third and fourth lihes of Table II) were
thus corrected to 92 % hatching rate in order to obtain comparable values
for the calculation of e. The following values of e were then calculated
uging the f-values of the{id' X no'@)-population in formula (2):
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Irradiation dose (kR): 4 8 8
Competitiveness, e 0,4 0.6 0.3
Confidence interval, de < 0,01 < 0.01 < 0.01

The competitiveness of males irradiated with 6 kR is sighificantly superior
to that of males irradiated with 8 kR. It seems that the 6 kR-dose is
optimum for sterilization as it apparently produces a minimum of somatic
damage {see e) but & maximum of deminant lethals (see f). The low value
of e at the 4-kR dose cannot be explained. Perhaps the number of expe-
riments carried out was too small, causing the value to partly reflect
secondary influences of environment or development. Thus, the size of
each of the three e-values may not be important but the results demensirate
an essential reduction of male competitiveness after irradiation. Still, it
should be mentioned that the error in using formula (2) for a pelygamous
species did not essentially affect the results because the eggs were
collected at the beginning of the oviposition period when a second mating
perhaps by a fully fertile male was at least nol the rule within the
experimental populations.






RELEASING SEXUALLY~STERILIZED
MEDITERRANEAN FRUIT FLIES FOR
CONTROLLING THE INSECT IN NORTH A¥FRICA

Possibilities of use and problems involved

E.J. HARRIS ¥

United States of America Agency
for International Development,
Mission to Tunisia

Abstract

RELEASING SEXUALLY-STERILIZED MEDITERRANEAN FRUIT FLIES FOR CONTROLLING THE INSECT IN
NORTH AFRICA: POSSIBILITIES OF USE AND PROBLEMS INVOLVED,

The paper discusses the preparations, plans and possible approaches in the work aimed at control of
Ceratitis capitata (Wiedemann) in Tunisia and Momero.

INTRODUCTION

The United States Agency for International Development {USAID) through
the United States Department of Agrieulture (USDA)! is providing assistance
to the Governments of Tunisia and Morocco to plan and execute a program
for controlling the Mediterranean fruit fly {medfly), Ceratitis capitata
(Wiedemann), by using the sterile-fly release method., The first phase of
this program will be a feasibility study of the method itself. The second
phase will be a full-scale area control program aimed at eradication or
reducing medfly populations to the lowest possible levels. A successful
outcome will require the establishment of quarantine programs within the
participating countries and in co-operation with the Government of Algeria
to maintain the gains achieved against this insect, Laier, the facilities
developed and the persconnel employed may be used to control other insects
in these participating countries. Where appropriate, conventional control
methods (insecticides, poison baits, biological control with parasiies and
predators, or the use of cultural control practices) will be integrated with
the gterile-fly release method to achieve the desired objectives,

The program agreements stipulate that USAID will provide a gamma
radiation unit for sterilization and certain other limited supplies and
equipment for mass rearing medfly through all stages. U.S, entomologists
with experience in using the sierile-fly technique will assist in training other
personnel and in organizing, planning, and carrying out the project. The
participating countrieg will provide laboratory facilities, vehicles and
personnel to learn and carry out the established procedures. These countries
will also take the initiative in carrying out the second phase of the program,
and cooperate with other countries wishing to learn the sterile-fly technique
of inseect control.

* Address: c¢fo American Embassy, Tunmis, Tunisiz
! Technical assistance is provided by the USDA through a Participating Agency Service Agreement.
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STATUS AND PLANS

The Government of Tunisia has already built and equipped a new
laboratory for mass rearing the medfly. Rearing supplies and equipment,
and a cobalt-60 radiation unit has been received and installed. Entomologists
and techniciang of the National Institute of Agronomic Research in Tunis
have started mass rearing and subsequent sterilization and are now ready to
begin large-zrea sterile-fly releases, This is the first preliminary
feasibility study of the sterile-fly release method mentioned earlier, These
first studies should also include work on comparative mating effectivencss
and dispersal of sterilized and wild (feral} flies, In addition, a comparison
must be made of the Tunisian and the Vienna fly strains of Mediteranean
fruii flies so that the betier strain can be used for these area centrol
operations,

Information on the different hosts infested at different seasons of the
year in Morocco is limited as is the population dynamics of this insect in
Citrus spp. and Argania spinosa., 35o a study of one year's duration will be
made to get this information before the preliminary releases for the
evaluation of the sterile-fly technigue in Morocco begin.

During this interim period, rearing facilities can be built in Morocco
and personnel sent for training in Tunisia, The rearing facilities in
Morocco will be at Marrakech, This is highly advantageous, since the
piace is near the regienal agricultural station where citrus is grown, and
within driving distance of the Argania spinosa forests, Of the citrus fruits,
the sour orange is important because it can provide fruit during the winter
in which the fly can breed. The extent to which the Argania fruit contribntes
to the medfly problem in citrus and other hosts of economic importance
should be determined.

Possibilities for using the sterile-fly release technique to control the
medfly in Tunisia and Morecco have been assessed and found to be favourable,
Although the land area involved is large, the island-like ecological conditions,
largely due to large expanses of desert and high mountain ranges, provide
the necessary isclation. Natural conditions make this control method even
more promising as there are seasonal changes in the climate varying from
relative favourability to adversity for fly populations. The test site selected
in Tunisia is in the vicinity of Cap Zebib and Ras-El Djebel, consisting of
1500 ha? with over 50% of the area planted in fruit crops. Relative numbers
of flies in the area are being estimated now by means of traps baited with
male lure, We plan to begin mass releases in January 1570, In Morocco
final test-site selections will be based on the preliminary survey of
approximately one year's duration.

APPROACHES TO MEDFLY CONTROL THAT APPEAR PROMISING

Research findings from investigations in Costa Rica, Hawail and in
other parts of the world have shown that in general the medfly is affected
adversely by irradiation, marking with dyes, and release of adults from
airplanes prepackaged in bags or similar containers, We should therefore
be sure to use the most suitable radiation dose and timing, and shoild
reduce the handling of the pupae as much as possible after irradiation with
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minimal use of dye markers and employment of release methods which give
ug the best possible adult to compete with the natural populations.
Unfortunately, the most practical release method may not give us the

mest competitive fly.

Although aerial releases enhance dispersal, the methods in use have
shown that the handling procedure can cause 50% or moré mortality of
adults in each container (Harris et al. (1968)). Also, we do not know how
much of the effectiveness of the survivors was impaired, After initial
primary eradication of melon flies on Rota, Mariana Islands, pupae have
been released from well-distributed cages on the ground to eradicate
successfully several secondary re-infestations of this species (Steiner et
al, (1965,1970). If dispersal by this method can be shown to be satisfaciory
in Africa, releases of pupae rather than aerizl releases of adults may well
be the method that will give the most feasible control, We believe that,
to get satisfactory distribution of flies over a large area, ground releases
may not be practical, However, in case aerial release of adults is only
partially effective we may have to use selected ground release sites for
pupae,

The following control procedures should also be considered:

{1} Dispose or bury cull fruit in orchards and farmyards {commodity
sanitation).

(2) When practical, destroy non-economic hosts mechanically or with
herbicides to interrupt the sequence of host attack during unfavourable
periods,

{3} Monitor fly pepulations in the most favourable fly population areas
{hot spots) and apply insecticides or poison baits during that period when
feral populations are at their lJowest levels. This procedure may appear
to be the reverse of the usual practice, but may result in drastic reductions
of future high population levels.

{4) Evaluate the possibility of reducing medly populations in selected
areas where fly production is high in the major host Argenia spinosa,
which produces fruit throughout the year, by herbicide treatment fo cause
fruit droppage.

(5} Evaluate the possibility of releasing the Hawaiian opiine parasites,
Opius oophilus, O, longicaudatug, and Q. vandenboschi, to control the
medfly in Arpgania gpinosa,

CONCLUSIONS

In North Africa, the seagsonal changes in climate, host, and fly
abundance create the possibility of replication of test sites in number and
size, This is an advantage not posgible in some other areas where previous
studies of the method have heen made, Cormparisons are possible involving
the use of sterile releases, insecticides or poison baiisg, or combinations
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of the two conirel methods, Because of cost factors and logistics problems,
we may not be able to pursue all of the options open to us. Most of all,

we need fo maintain flexibility to make changes when necessary to use

the latest information gained from research in Hawaii, Ausiria, Tunisia,

or elsewhere and experience gained in Tunisia,
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SOME EFFECTS OF GAMMA RADIATION ON THE SEXUAL
VIGOUR OF Ceratitis capitata (WIEDEMANN)

K.P. Katiyar, E, Ramirez

Inter-American Institute of Agricultural Sciences of the QOAS,
Turrialba, Costa Rica )

Competition between irradiated and normal sperm in fertilization

Sequential matings of the medfly female with normal and 10 kR-irradiated
males indicated that normal males were somewhat more aggressive in mating
than irradiated males. More females mated a second time (41.3%) with
normal males when the initial mating was with an irradiated male. Fewer
{26.7%) females mated a second time with irradiated males when the original
mating was with a nermal male,

Fertility of the females mated twice, once with normal and once with
irradiated male, showed that mixing of sperm from twe rmatings occurred
inside the female reproduciive sysiem. BSecond mating did not compleiely
nullify the influence of previous insemination. Second mating with normal
males was more effective in altering female fertility than second mating
with sterile males. The fertility of females aliernately mated to hoth {ypes
of males increased 82, 1% when the last mating was with a normal male and
decreased 51.6% when the last mating was with an irradiated male. Perhaps
sperm from irradiated males is somewhat less competitive than from normal
males, especially when the last mating is with normal malas.

Sterilization Jevels and male sexual vigour

Sterilization of the medfly males (at pupal stage, 24 hours before adult
emergence) with 8 kR and 18 kR seems to reduce slightly the mating vigour
of the treated males. The sexual vigour of males receiving § kR is not
adversely affected. Five hundred virgin males (125 of each type: 6 kR,

8 kR, 10 kR and normal) were simultaneously released with 250 virgin
normal females in caged coffee trees. Of the total observed matings (130%),
22.5% and 23.0% were by males irradiated with 8-kR and 10-kR doses
respectively, compared to 27.7% and 26.86% by 6—kR-irradiated and untreated
males respectively.

In another test, the mating competitiveness of medfly males irradiated
with various sterilization doses (5 ¥R, 7 kR, 9 kR and 11 kR) was measured
in terms of reduction in fertility of normal females when treated males
were caged with normal males and normal females at a ratic of 5:1:1.
Higher sterilization dose did not show reduection in mating competitiveness of
irradiated males. The lowest sterilization dose (5 kR) and the highest dose
(11 kR) gave 30.2% and 32.2% egg viability of the normal flies respectively.

Siage of sterilization and male sexual vigour

Mating vigour (insemination efficiency) of 10-kR-irradiated males was
affected by the pupal stage at which irradiation is applied. The closer to
adult emergence that the pupae are irradiated, the higher is the insemination
efficiency of the treated males. During 4 weeks of adult life, males
irradiated 72 hours before adult emergence showed 75% reduction in

83



84 SHORT CONTRIBUTICNS

insemination efficiency compared to the males irradiated 24 hours before
adult emergence. Further experiments also showed increase in mating
efficiency (in terms of numbers of inseminations) by males irradiated during
the adult stage (24 hours or 48 hours after emergence) compared to males
irradiated as pupae {24 hours before emergence). However, when mating
competitiveness was measured in terms of reduction of normal female
fertility, there was no difference in sexual vigour of the males irradiated
either as pupae or as adults, Overflooding normal populations with sterile
insects at a ratio of 40:1 gave 1. 6% egg-hatch when males were irradiated
as pupae {24 hours before emergence} compared to 1.7% egg-hatch when
males were irradiated 24 hours after emergence.

Population suppression by sterile-male releasges in caged coffee trees

Suppression of the reproductiive potential in medfly by gamma—-irradiated
males through weekly releases of treated {7 kR applied at pupal stage,

24 hours before emergence) and untreated wild flies {both sexes) in caged
fruifing coffee trees was tested at three overflooding ratios (20:1, 40:1
and 8Q:1). The first fly release consisted of 20 normal wild flies {10 males
and 10 females) per ratio in each cage. In subsequent releases, the
number of adults was reduced to half.

Examination of the mature coffee herries for egg-hatch over 4 weeks
indicated that irradiated males were not equally competitive in mating with
normal wild flies, Release of irradiated flies with normal wild flies at a
ratio of 80:1 was most effective in suppressing the reproductive potential
of normal flies. Such a mixed fly pepulation laid over a 4-week period an
average of 15.4% viable eggs (the egg—hatch in check was 59.0%). Releases
of sterile flies with normal flies at ratios of 20:1 and 4¢:1 lewered the
fertility of normal flies to 23.2% and 26.6% respectively. This test is being
repeated.

INVESTIGATIONS CARRIED QUT IN SUPFORT OF
THE MEDITERRANEAN FRUIT FLY

STERILE FLY RELEASE EXPERIMENT IN NICARAGUA
R.H. Rhode

1AEA, San José, Costa Rica

Laboratory

An increase in fly stock longevity which resulted in recovery of 50%
more eggs/female was obtained by holding the flies in cages measuring
2.40m X 0.60m X0.35m. The roof, floor and three sides are covered with
18-mesh plastic screen. The remaining side is cevered with white dacron
cloth as an oviposition surface. This cage replaces the Modified Hawaii
type {1.2m X 0.6 X 0.3 m) equipped with ovipesition cloth on one side.

A carrageenan (Gelcarin HWG, Marine Colloids Inc.) at 1% in water
was found to be as effective as agar in providing moisture for the stock
flies. Its cost is about half that of agar.
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Preliminary results using fresh residual brewer's yeast ordinarily dis-
carded by a local brewery, in place of torula yeast, in the larval media
gave promising results. However, because of its liguid state, new handling
methods must he developed before its use on a large scale becomes
practical. Studies are underway tc determine whether crude sugar-cane
molasses can he used effectively in {he larval medium. This material is
plentiful and rnuch cheaper than the refined sugar now employed.

Field

Resulis of large field cage tests comparing our laberatory strain with
that of Vienna revealed no differences in sterile-male mating aggressive-
ness when both types treated with 8000 rad were exposed to untreated wild
females.

In each of three cages, 500 sterile laboratory males and 500 sterile
Vienna males were placed with 500 untreated wild males. Each day for
5 days 150 females of both the laboratory and Vienna strains were intro—
duced along with 150 untreated wild fernales. Samples of copulating pairs
were taken during a 2Z-hour period each day. The experiment was repeated
15 days later.

Combined data of the two tests indicate a mean total of 88. 5 matings
for the sterile Vienna male-wild female combination. An identical number
of matings were also obtained for the sterile laboratory male-wild ferale
cross, The number of these matings compared favourably with the normal
wild male-wild female total mean of 111.5 matings.

Over a 4—month period 297 000 582 laboratory and 304 337 628 Vienna
straing of sterilized Medflies were released in Nicaragua. Mean emergence
rates were 88.3% and 87.8% respectively for the laboratory and Vienna
strains., Of the 148 500 291 effective laboratory males released, 313 380 or
0.211% were recovered compared with 394469 or 0.259% of the 152168814
effective Vienna males. Assuming an equal lure response, no significant
differences apparently exist between the two strains in their ability to
survive under the environmental conditions of the experimental area.

In aerial release experimenis carried sut near San José with USAF
co—operation, several fly dispersing techniques were tested. One treat—
ment consisted of wood-excelsior—filled bags being slit along two or three
sides as they left the gjection tube. An X-shaped cardboard partition was
placed in other bags. In a third method, lightweight cardboard tubes 1 m
long and 3% cm in diameter were joined together in groups of 14 to form a
cluster. The flies from these tubes were ejecied direcily into the airstream
with no protective covering. Approximately 195000 effective males were
used for each treatment with a resting surface of at least 1 cm? per fly
being provided in each type of container. The wood excelsior and X-insert
bags were ejected simultaneously using two release chutes. Unfortunately,
the knife blades on the X-insert chute were set too deep causing the
majority of these bags to he torn completely apart. As no radio communica—
tion with the plane was maintained the condition could nof be corrected.

The test site — a coffee farm — is roughly in the shape of an hour-glass
and varies from 150 to 300 m in width, Releases were made using a C-47
aireraft flying less than 30 m above ground level at an indicated air speed
of around 130 knots. Flies were dropped along an 800-m-long line bisecting
the test plot. Wind was nil or light during all tests, Trap lines were set up
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TABLE I. PERCENTAGES OF FLIES TRAPPED BASED ON MEAN FLY
CATCHES OF TRAPS LOCATED AT 50m, 100 m AND 150 m NORTH AND
SOUTH OF THE RELEASE LINE

Percentage rrapped
Trap distance
Excelsior bags X -insert bags Tubes
50 m (20 rapy) 72.4 67.8 62,5
100 m (18 traps) 17.8 18.8 22.6
150 m ( 8 wmaps) 2.8 18,7 la.8

TABLE II. FLIES PER TRAP DAY CAPTURED AT 50 m, 100 m AND
1530 m NORTH AND SOUTH OF THE RELEASE LINE AT INDICATED
TIME A¥TER DROP

Trap Flies per wrap day at post-drop interval (days} of:

distance 2d 3d 4-6d  1-8d sd 10-124 12 -14d 15-16d
50 m 51.1 55.8 41.3 13.0 12,3 1.5 1.2 1.2
100 m 8.7 9.8 12.1 5.8 4.7 0.8 0.1 0.5
150 m 12.1 4.0 7.8 2.5 8.1 0.8 0.5 0.4

perpendicular to the flight path at 50-m intervals, In each line traps were
placed 50 m apart. A total of 71 traps were employed. In about two-thirds
of the drop area the coffee is grown under shade trees; no cover shade is
present in the remaining one-third of the plot. Coffee was maturing at the
time of the test and honey-dew—producing insects were in evidence.

Eight trap examinations were conducted throughout a 16-day post—-drop
period. Traps were placed in operation 24 hours after the drop.
Percentages of flies recovered of those released in each freaiment were:
slit bags, 5.1; X-insert bags, 4,3; and cardboard tubes, 3.3.

Although the experiment was not designed to study fly movement
specifically, some pertinent data were obtained from the test. Table I,
based on trap catches of the combined treatments, show that under these
test conditions the majority of flies captured were taken near their point
of release. The trap catches were effected in the shade-grown coffee area.

‘Table I présents catches of the combined treatment obtained at the
various distances on a fly per trap day basis at various post—drop periaods.

The similar rates of decline in fly captures at the various distances do
not signify a regular shifting movement of flies en masse outward from the
release line over the trapping period.

At the same experimental site two other tests were conducted to compare
the effectiveness of flies released by air from the C—-47 aircraft with bagged
flies released on the ground, The first test was originally designed to
compare two aerial dispensing techniques using laboratory flies and at the
same time to compare the survivability of the Vienna and laboratory strains
of flies released on the ground. Two of the fluorescent dyes used, however,
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were indistinguishable in small amounts, making positive identification
impossible. Therefore aerial-released laboratery flies and ground-

released Vienna flies only could be compared. These two fly strains are
similar, as release data gathered in Nicaragua indicate. Of the approximate-
Iy 457 000 effective laboratory males released by air, 0.85% were recovered
compared with 1.62% of the 471 000 Vienna males released on the ground.

As approximately equal numbers of each category were released, recoveries
from aerial-released flies were about 47.5% less than from ground-released
flies.

In the second test approximately 350000 effective males were released
from the C-47 using the slit bag method. An equal number of males were
released from bags distributed on the ground along the length of the flight
line. A total of 6872 aerial-released flies were recovered compared with
17 149 ground-released flies captured, indicating that recaptures of
aerial-released flies in this test were about 60% less than those of ground-
released flies. Sterile flies were used in all release experiments.

Nine pupal and adult aerial releases were made in the 48-km? test area
in Nicaragua. Abouf 12000000 pupae and an equal number of adults were
released twice a week from 28 May to 28 June 1968, The results of these
drops are somewhat difficult to evaluate. In spite of cur efforts to ensure
that the bags of {lies were torn completely open when expelled, a number of
traps in the release area captured from 100 up to 3000 marked flies per
week. This indicates that bags with flies still remaining in them fell close
to these traps. Such a high concentration of flies is not as likely to occur
in one spot as a result of the pupae releases. Their release rate was
calibrated at about 3800 pupae/sec during which time the plane covered a
distance of about 65 m. Separate arrays were made of the flies caught in
each trap, which consisted of marked flies (released as adults) and
unmarked flies (released as pupae). Traps with zerc catches of either
category were eliminated. The medians of each array were established
and compared. In this manner the number of unmarked flies captured was
around one-third that of the marked flies recovered at a trap density of
3.2 traps/km?2.

NOTE ON WORK AT ISPRA

R. Cavalloro

EURATOM Joint Nuclear Research Centet,
Ispra, Italy

Ceratitis capitata {Wiedemann) lends ifself easily to mass rearing in
the laboratory. Practical improvements of the rearing techniques have
been obtained, especially with respect to the diet. Several medfly strains
from various geographical origins around the Mediterranean basin have all
responded well to diets based on alfalfa meal and ground cornstalks.

Considering the yield of pupae, their unit weight, the percent of
emergence, the vitality of the adults and other parameters, it seems most
advantageous to place 30000 eggs per kg of pabulum. The larvae mature
one day earlier on the cornstalks than on the zlfalfa diets.

A new type of cage for adults has been built and the automation of
certain operations has been considered, especially with regard to the col-
lection of the eggs and their transport to the larval pabulum.
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ACTIVITES DE RECHERCHES DU LABORATOIRE D! ENTOMOLOGIE
DE L'INSTITUT NATIONAL DE LA RECHERCHE

AGRONOMIQUE DE TUNISIE

M. Cheikh

Institut National de la Recherche Agronomique de Tunisle,

Ariana, Tunisie

Introduction

I.a mouche méditerrandenne des fruits occupe une place tres importante
dans la recherche agronomigue tunisienne.

Depuis bienidt 12 ans, e laboratoire d'entomologie a entrepris des
travaux en vue de I'application d'une méthode de lutte autocide contre
Ceratitis capitata.

LY'INBAT avait déja bénéficié d'un contrat de recherche de
ITATEA {1963-1965). En 1868, 1'USAID et 1' USDA ont mis a ia disposition
de 1'Institut les moyens nécesgsaires & Vexécution d'un programme de lutte
par lichers de méiles stériles dans la zone de Ras—-Djebel dans le nord de
pays. l.a zone choisie présente des conditions d'isolement et d'études tras
intéressantes. Elle couvre 3000 ha environ de cultures fruitieres diverses,

Elevage industriel

Un nouveau laborateire a été récemment construit. Il couvre 500 mé2,
et comprend 17 pikces, réparties entre un rez-de—chaussée et un étage et
réservées exclusivement & la production de yasse de 'insecte gui doit
atteindre 3 millions de mouches/jour. Ce bitiment est doté d'un irradiateur
au %9Co de 150¢ Ci offert par 1'AID,

Un nouveau type de cage est mis en service. 1l est en tulle
moustiquaire avec cadre suspenseur en bois supportant un pondoir et cuvette
2 fond grillagé sur lequel sont placés 400 g de sucre en morceaux.

Ce type de cage offre les avantages suivants:

- souple ef lavabie

- économique pour le prix de la toile et pour sa couture (faite au lahora—-
toire par la machine & coudre achetée récemment pour la fermeture des
sachets en papler Kraft servant au l2chers)

- la cage reste fermée pendant toute la vie des insectes qui disposent de
1'alimentation & demeure. La récolte des ceufs se fait par jet dteau

fqui stécoule & extérieur par des tuyaux d'évacuation.

Nous pensons dans 1tavenir faciliter la collecte des ceufs en adaptant aux
pondoirs un systeme dtirrigation; les tuyaux d'évacuation de deux élémenis
de trois cages déboucheraient dans une conduite unique au bout de laguelle
se ferait la collecte des ceufs.

En ce qui concerne 1'élevage des larves nous utilisons la formule SY GS
{sucre, levure, gelgard, son) mise au point par la 5tation de Hawaii
(Steiner 1268), Le milieu d'élevage est mis dans des cuvettes de fabrication
américaine de 40X 75 cm et 35 mm de profondeur, empilables sur chariot,
donc faciles 2 déplacer. Ces cuvettes présentent des échancrures latérales
qui permettent aux larves d'accomplir leurs sauts.
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Néanmuoins, certaines conditions sont & éclaircir dans l'avenir, 2 savoir:

—  llinfluence de 1"humidité sur les différents stades larvaires

-  Dépaisseur du milieu

-  le refroidissement du milieu qui s'échauffe, pendant les derniers jours
précédant le saut; cet échauffemeni dépend de 1'épaisseur du milieun
et de 1la largeur de la cuvetle

- l'influence du rythme nycthéméral et 1'intensité d'éclairement sur le
saut des larves

- llipfluence de 1'hygrométrie relative de 1'air ambiant; cette hygrométrie
peut &tre un facteur important dans le déclenchement du saut et de la
nymphose en dehors du milieu d'élevage larvaire.

Nymphose: La nymphose se fait dans le sable; la séparation des pupes se
fait par tamisage. Nous envisageons la construction d'un tamis mécanique
a débit continu. Il serait bon d'entreprendre des recherches sur l'influence
de la température et de "humidité sur le déclenchement de la nymphose.

Irradiation: Des essais sont en cours pour tester la stérilité des insectes
irradiés et le contréle des femelles stérilisées au point de vue comportement
de ponte.

Histologie de 1tadulte

- Etude des effets histopathologiques des irradiations

- Interaction des irradiations et des températures basses (températures
entre 11° et 20°) sur la stérilité.

Nous pensons développer ce programme en viue d'un éventuel stockage des

pupes irradiédes ou non.

Etude de la dispersion

Nous avons commencé les lichers qui ont &£té interrompus & la suite
du déménagemeni dans le nouveau laboratoire. Nous envisageons la
poursuite des l4chers d'insectes stériles pour apprécier leur pouvoir de
dispersion,

Aptitude & 1tenvol

Nous utilisons une cage trés haute baptisée cage «gratie—ciel» de 2,80 m
de hauteur, 90 cm de longueur et 55 ¢m de largeur (Soria — Yana 1868}
a deux compartiments juxtaposés et divisé chacun en cing étages. Nous
testons linfluence de 1'4ge, du sexe et du facteur alimentation sur l'aptitude
4 1'envol des souches différentes et irradiées aux différentes doses,

Etude de la longévité des mouches dtélevage dans les conditions extérieures

Nous maintenons des lots de mouches & 'extérieur du laboratoire et
notons la mortalité des insectes fertiles et stérilisés aux différentes doses.

Piégeage

Une équipe intensifie le piégeage dans la zone pilote de Ras-Djebel.
Les différentes stations sont visités et les captures dénombrées une fois
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par semaine, Depuis aolit 1968, on a commencé le piégeage par pikges
Steiner 4 200 m d'intervalle.

Programme d'avenir: Il nous reste, suivant nos moyens en personnel
fualifié, 2 tester la compétitivité de nos insectes irradiés, 2 metire an
point une technique de lichers aérien en collaboration avec la Société
Nationale de la Protection des Végétaux, 4 effectuer la sélection de popula-
tions résistantes aux insecticides et 4 pouvoir poursuivre et développer le
programme actuel de recherches.

WORK AT THE INSTITUTO NACIONAL DE INVESTIGACIONES
AGRONOMICAS, MADRID

L. Mellado, M. Arroyo, A, Jimenez

Institute Nacional de Investigaciones Agronémicas,

Madrid, Spain

The I.N.I.A. started in 1965 a Program of application of the sterile-
male technique for the control of Ceratitis capitata (Wiedemann). The
research, and field work on the island of Tenerife, are summarized in the
following points.

1. Laboratory work

1.1, 1965-66. Mass rearing of C. capitata was started. A daily average
of 53000 pupae was reached. Basic studies on radiation sterilization,
tagging with radioisotopes and rearing technigues were carried out.l

1.2. 1967. A new laboratory for mass rearing was set up, Research on
feeding diets and oviposition was carried out., A daily average of
72000 pupae was obtained.

1.3. 1968. Production of pupae rose to 200000 per day, due to the new
rearing methods applied. In 1989, during the peried January-July, the
daily production of pupae averaged 400 000.

2. Field work
2.1. Island of Tenerife

2,1.1. In 1966, the island of Tenerife was chosen i{o start tesis on the mass
release of sterilized flies. Within that island, two adjacent and relatively
igolated valleys were selected, one as experimental area and one for control.
There were no regular plantations in either area. No pesticide treatments
were done. Main host plants were: figs, grapes, citrus, apricots and
peaches. A secondary host plant was Oppuntia ficus—indica. Both areas
suffered endemic and heavy attack from the fruit fiy.

1 ARROYQ, M. et al., Bolet, Patolog. Veg. Entom. Agric. XXVIH (1965) 257-280,
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2.1.2, Release of sterile insects was started in May 1266, over an area
of about 450 ha. Pupae, irradiated in Madrid, at a dose of 8000 rad, ina
1B7Cs source, were sent by commercial airline to Tenerife. Different
methods of shipment and release were tested. Only ground release was
done. During the pericd May-December, a total of more than 7 million
sterile insects was released. No effective conirol was obtained, the In-
festation continuing to be very heavy.2

2.1.3. In 1967, a total of four million sterile flies was released in the
same area. No systematic control of infested fruit was carried out.
However, some tests showed a decreased infestation in the release area.3

2.1.4. In 1968, 25 million sterile insects were released in the same area.
A control of infested fruit was carried out on peaches, In the release area,
infested fruit averaged 15% (ranging from 6% to 23%). In the control area
(no treatments), the average of infested fruit was 70% (ranging from 39%
to 100%).

A summary of the field work on the Spanish mainland is given in the
next contribution.

MEDITERRANEAN FRUIT FLY SUPPRESSION EXPERIMENT
ON THE SPANISH MAINLAND [N 1969
L. Mellado®, D.J. Nadelf, M. Aroyo™, A. Jimenez®

In 1969, the Tenerife program was temporarily abandoned owing to
mainly logistie difficulties similar to those encountered elsewhere. A new
experimental site was chosen on the Spanish mainland in a semi-isclated
area at Alhama de Mutcia containing a total of 25 ha of regular plantations
of citrus varieties and apricois and peaches. Mediterranean fruit fly
(medfly), Ceratitis capitata (Wiedemann), is endemic in the area, and a
regular plantation of peaches in which the fly was controlled by insecticide
treatments, and eight other untreated areas located one or more kilometres
from the release site; were used as controls.

The objectives of the program were, with the minimum of labour avail-
able, and without any other treatment, to attempt to suppress medfly in the
experimental area through the release of sterile flies, The extent of stinging
of host fruit by sterile female flies was also to be assessed,

The Seibersdorf Laboratory of the International Atomic Energy Agency
co~operated in the experiment with technical advice and supplying pupae
during the first part.

* MELLADO, L. et al., Bolet, Pawlog. Veg. Emtom, Agric. XXIX (19¢8) 89-117.

% ARROYO, M. et al., Bolet, Patolog. Veg. Entom. Agric, XXX (1967-68) 283249, 251-285.
¥ Instituto Macional de Investigaciones Agronbmicas, Madrid, Spain.

1 International Awmic Energy Agency, Vienna
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All the pupae were irradiated in Madrid with a target dose of 9 krad
the day before the first emergence was expected, and were transported by car
to Murcia several times weekly in special containers. At the experimental
site the irradiated pupae were repackaged in perforated paper bags in which
the flies emerged. The flies were subsequentfly released at pre-determined
sites.

Releases of sterile flies were carried out from 17 March to 4 August,

A total of 32 million pupae were irradiated for use in the experiment,

26 million from the I.N.I.A. laboratory in Madrid and the remainder from
the Joint FAQ/IAEA Seibersdorf Laboratory (air-transported once weekly
aE young pupze).

The experimental resulis were determined in a number of ways, includ-
ing the examination of fallen frult, visual examination of all host-bearing
trees, and a close examination of all fruit that appeared to be stung; and by
determining the percentage of fruits at harvest damaged by medfly. To
ensure a continuing supply of fruit for examination, selected trees were
not harvested,

Studies of the dispersal and longevity of marked fliegs were also carried
out using cylinder—type traps with trimedlure as the attractant. When the
bags were opened the flies escaped rapidly and the trapping data showed
that subsequent longevity and dispersion were satisfactory,

Although the experimental area was semi-isolated, it was shown that,
given favourable conditions, gravid females from nearby conirol areas could
migrate into the experimental area.

Before the initial release of sterile flies, it was found that 10% of fallen
fruit of already ripe citrus were infested, although there was no infested
fruit found on the trees.

In the experimental areas a single apricot was found to be infested from
the fotal harvest of 242 bearing trees. Of the 40 000 kg of peaches inspected
at harvest, approximately 8 kg (0.02%) were infested, No sterile stings
were found in the harvested citrus and the percentage of such stings in
apricots and peaches was smzall.

In the insecticide-treated peach orchard, neither stings nor infested
fruit were found throughout the period of the experiment. In the unireated
control areas, wild flies were first trapped on 13 May and the first stung
and infested fruits were found at the beginning of July. By the end of July
all the fruit found on or under the trees had been attacked.

A full account of the experiment will be published elsewhere.

RECENT RESEARCH ON STERILIZATION OF Ceratitis capitata
(WIEDEMANN) AT THE SEIBERSDORF LABORATORY OF THE IAEA
G.H.S. Hooper

International Atomic Energy Agency, Vienna

Recent research has been devoted to accumulating replicated data,
suitable for statistical analysis, on (a) the relation between irradiation
dosage and sterility, (b) the competitiveness of males at various dosages
as measured by ratio tests and (¢) the effect of altermately mating females
with irradiated and untreated males.
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Materials and methods

The materials and methods used were as follows.

{1} All pupae were taken from the mass production unit, and were
stored before and after irradiation at 25°C.

(2) Irradiation was achieved with a 80Co Gammacell 220 having a dose
rate in the region of 9.2 krad/min with an error of + 5%.

{3) Pupae were irradiated, and all tests used adults which emerged
24 - 48 hours after irradiation.

{4) In general, tests were replicated 5 times, one replicate being
set up per day.

(5} Most work has been devoted to male sterility, evaluated egg haich
of the cross irradiated male X unireated female; test eggs were kept on
moist filter paper and hatch assessed after 5 days.

Dosage — sterility studies

In the course of three experiments, dosages from 1 to 13 krad have
been used. Egg hatch from 7 to 7.5 krad has been consistently below 5%
{corrected for check) and for 8 krad has been between 1 and 2%. Even at
13 krad total sterility of males was not obtained.

At the conclusion of one experiment, all surviving irradiated males,
which were 39 days old, were mated with young virgin untreated females.
Egg batch data cellected when the males were 4961 days old gave no
indication of recovery of fertility at the dosages employed (7.5~ 13 krad),

In a limited test {2 replications) irradiated females, crossed with
untreated males, produced no eggs at 3 or 5 krad. The eggs produced at
1 krad were of normal fertility. However, data from other experiments
have shown the females irradiated with up to 13 krad could produce some
unfertile eggs.

Ratio tests

An attempt was made to measure the combined effect of male sterility
and cempetitiveness, at a number of dosages, on egg hatch. Males
irradiated at dosages from 3 to 17 krad were combined with untreated flies
in the ratic 150 irradiated males: 30 untreated males: 30 untreated
females {i.e. 5:1:1), We interpreted the egg hateh data obtained in the
following way: at 3 and 5 krad the males were incompletely sterile but
competitive; at 7, 9 and 11 krad the males were at least 95% sterile but.
were less competitive than untreated males; at 13, 15 and 17 krad, the
males were for practical purpcses sterile but the competifiveness of these
flies was markedly and progressively depressed.

A further experiment was run using a 19:1:1 ratic {475 irradiated
males: 25 untreated males: 25 untreated females). There were no great
differences in the egg hatch produced by 5, 7, 9 and 11 krad, but statistical
analysis may indicate that 7 krad was the optimum dosage.

In a ratio test using flies irradiated at 9 krad, and with approximately
10000 flies per treatment, a ratio of 49:1 (irradiated males and females:
untreated males and females} gave a corrected egg hatch of 8.8% and a ratio
of 88:1 gave 5.4%.
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In small cage tests with a 1:1 ratio there was little difference in cor-
rected egg hatch between 7, 9 and 11 krad (77, 76 and 87% respectively).
The hatch was considerably higher than that expected for a 1:1 ratio.

Alternafe mating test

When 9-krad-irradiated males were mated with untreated females the
egg hatch was 2. 2%, After 10 days the irradiated males were replaced by
untreated males and the egg hatch over the next 17 days was 28.7% - an in—
crease of 25.5%, When untreated males were mated with unireated females
the egg hatch was 90.1% and when these males were replaced by irradiated
males 10 days later the egg hatch decreased by 23.7% to 76.49%.

RECENT WORK ON PHYSIOLOGY OF THE MEDITERRANEAN
FRUIT FLY AT THE SEIBERSDORF LABORATORY OF THE IAEA
P.A. Langley *

International Atomic Energy Agency, Vienna

The rate of fat consumption and water loss by pupae has been deter—
mined at 25°C and 75% r.h. Water loss is greatest during the first 3 days
of pupal life, after which the rate falls {0 a low level and rises again the
day before adult emergence.

Adult emergence is slightly reduced when pupae are incubated in 30%
r.h. at 20°C {B82% emergence, compared to 91% and 96% emergence at
75% and 90% r.h.)}., At 30°C, 78% and 75% emergence is obtained in 30%
and 75% r.h., while only 18% emergence is obtained at 90% r.h. owing
to fungal growth on pupal shells. More crippled flies are produced in low
r.h. than in higher r.h.

The fat content of pupae falls from about 40% of the residual ' non-fatty?
dry weight {RDW) to 15% of the RDW throughout development at 25°C and
5% r.h.

The length of pupal life is affected by temperature in a curvilinear
faghion. At mean incubation temperatures higher than 25°C the fat contents
of emergent flies are reduced. At 30°C the fat reserves approach those of
flies which have been starved to death.

The Respiratory Quotient (R.(}.) of the pupa is about 0.7, indicating
that fat is the most important energy reserve.

The R.Q. of the recently emerged adult increases from ¢.% {0 1.55
during the next 48 hours and is unaffected by allowing the insects to feed on
sugar and water. This indicates that carbohydrate is being converted to
fat in both the unfed and fed flies.

Measurements of total oxygen consumption during pupal development,
together with fat consumption, allow the estimate that 1850 mm?® of oxygen
=1 mg fat to be made.

An average oxygen consumption of 12 mm3 /h by recently emerged and
unfed adults enables an estimate of their survival time to be made at 25°C
on the basis of their fat reserves. This is theoretically 48 h if pupae were
incubated at 25°C, but falls to 10 h if pupal incubation occurred at 30°C.

* Present address; Tsetse Research Laboratory. Dept. of Veterinary Medicine, University of Bristol,
Langford House, Langford, Bristel, United Kingdom. ’
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In practice survival is a little longer, indicating the presence of other
reserves and confirming the high R.Q. values noted in adulis.

Experiments have shown that irradiation of pupae on the 4th day of
development with 10 krad of gamma rays at 25°C permits almest 100% to
complete development, but emergence of adulis is less than 20%. Irradia-
tion on the 6th day of development allows almost 100% emergence. This
2-day difference in age which permits 100% emergence is reduced to nil
if irradiation oceurs in nitrogen. In nitrogen 100% emergénce occurs in
pupae irradiated on the 4th day of development. Irradiation of pupae cooled
o 4°C produces the same 2-day interval as in controls.

The effect of nitrogen is even more striking with doses of 30 krad.
100% development occurs in pupae irradiated on day 5 but 100% emergence is
only achieved in pupae irradiated on the 9th day. This 4-day interval is
reduced to 1 day if pupae are irradiated in nitrogen, but if pupae are cocled
to 4°C hefore irradiation the 4-day interval remains.

Sterility of adults emerging from the pupae in the irradiation experi-
ments was assessed by checking egg hatch from equal numbers of normal
virgin females placed with males emerging from irradiated pupae. ¥Egg
collections were made 5 times during 3 weeks following emergence, Egg
hatch varied from ¢- 2% in experiments involving irradiation at 30 krad.
Egg hatch varied from 0 to 7% in experiments using 10 krad. Neo dif-
ferences were noted which could be attributed to the effects of nitrogen
or chilling.

It is concluded that lethal side effecis of gamma irradiation which are
oxygen-dependent, are reduced in the presence of nitrogen without affecting
the damage to genetic material in the reproductive tissues.

Survival data on adults irradiated as pupae as described, have been
collected but are not yet available. Indications are that survival of adulis
irradiated early in the pupal stage is not as good as those irradiated later.
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Review of current status
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R.T. CUNNINGHAM

Entomology Research Division,

Agricultural Research Service,

United States Department of Agriculture,

Honolulu, Hawaii, United States of America

Abstract

STERILE~INSECT TECHNIQUE FOR ERADICATION OR CONTROL OF THE MELON FLY AND ORIENT AL

FRUNT FLY.

A summary is presented of the programs conducted in the Mariana Islands to develop the method
of insect control by releasing sterile insects by the Hawaiian Fruit Flies Tnvestigations, Agricultural Research
Service, Contrel and eradication of the melon fly and oriéntal fruit fly has been achieved, and suecessful
completion of a current program of exadication of the meion fly from Guam will free the Mariana klands
of pest tephritids,

The use of the method of sterile-insect release to eradicate and
control the oriental fruit fly, Dacus dorsalis Hendel, and the melon ily,
D, cucurbitae Coquillett, was described in a series of publications by
L. F. Steiner and associates. These programs were conducted on the
island of Guam, Rota, Saipan, Tinian, and Agiguan, in the Southern
Marianas. The first atiempt, against the oriental fruit fly on Rota
{1960-62), was unsuccessful because adequate overflooding could not
be achieved (Steiner et al. (1962)}. However, the method was used
subsequently (1962-63) to eradicate the melon fly from Rota (Steiner
et al. (1965a)) at the same time that the oriental fruit fly was eradicated
from that island by the method of male annihilation (Steiner et al. (1965b)).
The pupae used in the melon-fly releases were produced at the Hawaiian
Fruit Flies Investigations Laboratory in Honolulu, irradiated there with
9.5 kR in a cobalt-60 irradiator, and shipped by air for release on Rota.
A total of about 257 million flies was disiributed from air and on the
ground in weekly releases.

The second attempt to eradicate the oriental fruit fly by the sterile-
insect release method was begun on Guam in September 1963 (Steiner
et al. (1970)}; by February 1964, about 16 million flies had been released,
and the native population was considered eradicated. Ilowever, the follow-
ing spring and summer, single wild flies were captured on four acecasions;

* published in co-operation with Guam Department of Agriculture.
1 Project Director, Melon Fly Eradication Prograin, Guam Department of Agriculture.
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therefore additional releases of about 200 000 sterile flies were made

in the vicinity of each recovery site. The following year another small
outbreak was found and it was first controlled with bait spraye and wafers
impregnated with methyl eugenol and then eradicated by making weekly
releases of 9.5 million sterile flies.

On Saipan, Tinian, and Agiguan, releases of sierile oriental fruit
flies were begun in February 1964. On Saipan, the flies were distributed
as pupae which were placed in emergence cages, but aerial distribution
was pecessary on Tinian and Agiguan. About 2.5 - 4 million pupae that
had been reared and irradiated at the Honolulu laboratory were released
each week on Saipan for nearly 1 year. During the same period, about
1 million flies were released weekly on Tinian and Agiguan. The program
did not succeed. Steiner et al. (1970) attribute the failure of this program
to ‘several factors, but principally to the difficulty of maintaining adequate
overflooding ratios because of low longevity of released flies. Mortality
was ascribed to thermal damage in¢urred by pupae during transport; to
inadequate food sources available to emergent adults; to predation by
toads, pouliry, ants, and lizards; and o the failure of emerging adults
to move from release sites into breeding areas. The oriental fruoit fly
wag subsequently eradicated from these islands by using the method of
male annihilation {Steiner et al. (1870)).

The eradication of the oriental fruit fly from the Mariana Islands
freed this area of fruit flies except on Guam, where the melon fly remained.
From this source, the insect was reintroduced to the nearby island of
Rota on 7 occasions up to January 1869, Each time the development of
extensive populations was curtailed by prompt release of sterile flies
shipped from Honolulu. Usually, releases of one-half to 1 million flies/week
for pericds of & weeks to 6 months were required to eradicate these small
populations.

Continuous melon fly irap surveys have been conducted on Guam since
July of 1963. The melon fly population dropped to very low levels in the
spring of 1965 and has not yet returned to the high levels ohserved in the
previous years. The presence of only small numbers of native flies
made possible the implementation of a sterile-release program on Guam.
Accordingly the Department of Agriculture underiook such a program in
1967 with an appropriation of § 350 000 to be provided over a 3-year
period by the Legislature of the Government of Guam. Neal Spencer is
Project Director. The technical assistance of the Hawaiian Fruit Flies
Investigations, Honolulu, Hawaii, was enlisted, where the design for
the original program and the rearing facility were undertaken by Drs.

L. F. Steiner and R. A. Hart, and the equipment and mass-production
methods were developed by N. Tanaka and T. Kozuma.

For the program, a building of about 400 m2 located on the grounds
of the Department of Agriculture at Mangilac was completely reconstructed
1o provide adequate facilities for rearing and irradiating about 15 million
melon flies/week. It contains rooms equipped with proper lighting, tem-
perature, and humidity control for the various cperations, namely:
egging, larval holding, pupal holding, irradiation, sifting and dyeing,
steam-cleaning of equipment, and offices.

In the egging room, the adult flies are held in 30 X 60 X 120-cm
cages of the type described in the review of rearing methods by Nadel
(1970). The cages are stocked with aboui 25 (000 flies each, and the room
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holds 64 cages in stacks of 4. The flies are egged 3 times per week and

88 000 of the eggs/tray are seeded onto medium in stackable trays covered
to a depth of 1 inch {2.5 em) with 7 litres of medium. During the first

3 days of development, the larvae are held at 29°C in total darkness to
ensure uniform utilization of the diet (with light they tend to concentrate

in areas of low intensity}). During the final 3 days of the larval period

they are held at 21°C te prevent overheating of the medium., Larvae
emergé from the medium ad libitum and drop into water in a pan placed

at the base of each stack of trays. The immersion in water causes them
to become quiescent. Then every § - 7 hours they are drawn off inte

cloth bags and placed in moist {about 5% water) vermiculite, 1 litre of
larvae/6 litres of vermiculite. After the mixture of larvae and vermiculite
has been tumbled in a concrete mixer to ensure proper distribution, it is
apporticned into holding boxes. When puparium formation is complete, the
pupae are separated from the vermiculite in a rotating sifter, placed in thin
layers in screen-bottomed trays, and held at 20 or 27°C. The holding
temperature is manipulated to synchronize adult emergence, as described
by Tanaka, Okamoto and Chambers {19689). Forty-eight hours before
completion of pupation the insects are placed in ¢canisters (1000 each) and
irradiated in a Gammacell 220®cobalt source, where theyreceive a dose
of 10 kR £10% at a rate of 5250 rad/min. Then they are dyed by tumbling
them with dye.

The dyed, irradiated pupae which were to be airdropped as bagged
adults were transported to another building and prepared for distribution.
The system used, described by Holbrook et al. (1870}, utilized #12
paper bags and a cardboard insert. On an assembly line basis, 3000
pupae were placed in each bag with sugar cubes, which sustained the
adults after they emerged within the bags. The paper bags were sewn
clased and stacked within large cloth bags, in which they were transported
to the aircraft when 80-90% of the adulis had emerged.

The aircraft utilized to distribute the flies was a DC-3 under contract
to the Government of Guam, fitted with a chute desgigned by the United
States Air Force in Panama which extended out of the rear cargoe hatchway.
The bags were manually dropped into the chute at a rate established by
an adjustable flashing light signaller and were drawn down the chute by
a Venturi effect, where they were slit by four adjustable knives fitted
into the sides of the chute near the bottom exit, allowing the flies to
escape when the bag dropped to the ground. Three flights were made each
week, each covering a different third of the island in a decreasing spiral
pattern.

The first releases of sterile melon flies (a total of 1.7 million) were
made the second week of March 1969. Distributions by airplane continued
through July 1969, and averaged about 10 million flies per week.

In the middle of August it was necessary to terminate the aerial drops
and all the subsequent production was distributed in about 200 ground-
release cages. Fupae are released at least once each week in every cage
and the rmmber released in a given area is adjusted for differences in
recovery rates, native fly population and breeding hosgt abundance., Pupae
are distributed at less frequent intervals in remote areas which, in
general, are not good breeding host areas and where native fly populations
are very low or absent.
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We are confident that the melon fly will be eradicated from Guam with
the advent of the dry season of winter and spring, when hosts and food
sources are scarce and the wild fly population normally is greatly reduced.

Note

Mention of a proprietary product in this paper dees not constitute an
endorsement of the product by the U.S. Department of Agriculture.
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Abstract

NEW ARTIFICIAL OVIPOSITION DEVIGE FOR THE EUROPEAN CHERRY FRUIT FLY,
A new and highly effective artificial ovipesition device (ceresin wax domes) for the Furepean cherry
fruit fly, Rhagolets cerasl L., is described.

Lack of an effective artificial oviposition device has hampered the
development of techniques for continuous and large-scale laboratory
culturing of the European cherry Iruit fly, Rhagoletis cerasi L., an
important pest of cherries. A first oviposition device consisted of a
small gelatin sphere wrapped in parafilm (Boller (1968)). Although
large numbers of eggs were deposited in these spheres, we felt that a
better device was needed because egg hatch was only fair at best and
the device had to be destroyed and renewed daily. This last statement
was also true of the parafilm-covered foam balls developed by Haisch
(1968).

Small paraffin - petrolatum - cheesecloth domes and small parafilm-
covered wire hemispheres (Prokopy (1966, 1967)), developed as artificial
aviposition devices for the apple maggot, R. pomonella {Walsgh), were
iried. However, the process required to ‘construct sufficient quantities
of either device proved too laborious and costly for practical usage on
a large scale. Hagen et al. (1963) and Tzanakakis {1967) developed a
technique in which the convex end of a glass test-fube was dipped in
gsoapy water and then into molten wax to make wax domes as oviposition
devices for the olive fly, Dacus oleae Gmeliii. We utilized this latter
technique to form a new, highly effective, durable, and mass- producible
aviposition device (ceresin wax domes) for the cherry fly.

Wiesmann (1937) described a number of characteristics of the host
fruit (shape, size, hardness and smoothness of surface) which he found
to be important in eliciting oviposition attempts by R. cerasi females.
So our first experiments concerned the optimal shape and size of oviposi-
tion device, We found that gspheres and hemispheres were much more
effective than any other shape tested. Hemispheres oriented with their
convex surface up and positioned on or near the cage floor were just as
effective as similarly positioned spheres, Hemispheres were less effec-
tive, however, when their orientation was reversed or when they were
attached to the sides or top of the cage. It is worth noting here that under
the conditions of our experiments (the flies exposed to 2800 lux of direct,
overhead light from mercury vapour lamps), the flies showed a distinect
tendency to spend more and more time on and about the cage floor as
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they became cider, irrespective of the presence or absence of oviposi-
tion devices. Among the various sizes tested, hemispheres (domes)
10 mm in diameter X 8 mm high proved the most effective.

After establishing the optimal shape, size, and position of the
device, we proceeded to test various types and caombinations of wax-like
materials for making the domes. In all experiments involving the use
of various paraffins or beeswax, zlone or in combination with vaseline
and/or mineral oil, the domes formed were toc hard to permit easy
ovipositor penetration. The result was that the majority of eggs were
not deposited inside the domes but dropped outside. Finally, we located
a wax {(Type 1577 soft ceresin, manufactured by Deutsche Erodel AG,
Mittelweg 180, Hamburg, Germany) which embodied the unique com-
bination of a high melting point (62-86°C) and a high index of penetration
or softness (25-55 at 25°C}. Cherry fly females were able {uo penetrate
these ceresin domes without any difficulty. Thus, more than 90% of the
eggs were deposited inside domes 0.2 mm thick, with domes of this
thickness perfectly retaining their hemispherical shape and remarkably
smooth surface even at temperatures far above the 25°C in the rearing
room. Dilution of the ceresin wax with vaseline or mineral oil resulted
in decreased effectiveness and durabilily compared with domes formed
from 100% ceresin.

Further experimenis were carried out to determine the hest colour
of dome and the most favourable conditions at the inner and outer dome
surface. Black domes {0.3 g of powdered black candle wax dye per
100 ml of ceresin) against a white background proved to be as effective as
any other colour-conirast system tested. This system was adopted a=s
standard because the black dye remained stable and did not fade in colour
as did blue, green, yellow, orange and red-dyed domes after a few days’
exposure to the rearing room lights, A system using white domes against
a black or white background was the least productive of those tested. Domes
having a rough outer surface were less effective than those with 2 smooth
outer surface. If the humidity in the cages was increased from its normal
level of 75% to 95% or more, a thin film of meoisture condensed to cover
the outer dome surface and females stopped ovipositing. Fewer cggs
were deposited when the inner dome surfzce was wet than when it was
moist or-dry. Addition to the inside of theé domes of fresh cherry leaves,
pedicels, or fruit in optimum stage for oviposition had no influence on
oviposgition.

On the basis of these findings, the following {ype of oviposition
device was adopted as standard: domes constructed of 100% Type 1577
ceresin wax, 10 mm diameter X § mm high X 0.2 mm thick, black in
colour and on the cage floor against a white background, smooth outer
surface, and a piece of moist cotton inside to prevent egg desiceation.
Almost without exception, eggs deposited inside the domes remained
lightly attached to the inner dome surface. They were easgily removed
without injury either to eggs or domes by a gentle, whirling stream of
water from a squeeze-type, plastic wash bottle.

When 50 females and 30 males were caged with 36 of these standard
domes and fed a diet of raw brown sugar and enzymatic yeast hydrolysate,
12903 eggs were deposited into the domes, about 31% of which hatched.
Oviposition began on the 4th day, continued at a high level for 5 weeks,
and ceased after 7 weeks, In another experiment, we found that individual
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domes retained 100% of their maximum potential effectiveness after
receiving 50 eggs each, and 68% of their potential even after 200 eggs
each. Future work will concern the optimal number of females and domes
per cage and whether or not the domes must be renewed for maximum
economy and efficiency in thé system.

A simple technigue for mass production and employment of plates
of large numbers of these domes was developed. An account of this
technique, as well as a complete presentation of dats on the comparative
effectiveness of all the different types of oviposition devices and systems
tested is given elsewhere (Prokopy and Boiler {1970)).

REFERENCES

BOLLER, E.F. (1868). An artificial oviposition device for the Furopean cherry fruit fly, Rbagoletis cerasi,
J, econ, Ent, 61, pp. 850-2,

HAGEN, K.S5., SANTAS, L. TSECOURAS, A. {1862). "A technique of culturing the clive fly, Dacus oleae
Gmel,, on synthetic media under xenic conditions”, Radiation and Radicisotopes Applied to Insects of
Agricultural Importance (Proc, Symp, Athens, 1962) IAEA, Vienna (1963) pp. 333-5B.

HAISCH, A. (1868). "Preliminary results in rearing the cheny fruit fly (Rhagoletis cerasi L.) on semi-
synthetic medium”, Radiation, Radicisotopes and Rearing Methods in the Conirel of Insect Pests (Proc.
panel Tel Aviv, 1966} IAEA, Vienna (1968) pp. 68-T8,

PROKOPY, R.1. (1988). Artificial oviposition devices for apple maggat, |, econ, Ent. 59, pp. 231-2.

PROKOPY, R.J. (196T). Factor influencing effectiveness of artificial oviposition devices for apple maggot,
I. econ, Ent. 80, pp. 950-5,

PROKOPY, R.J., BOLLER, E.F,, (1970). Artificial egging system for Europesn cherry fruit fly, 1. econ, Ent.
63, pp.1413-7.

TZANAKAKIS, M,E. (1867). Control of the olive fruit fly, Dacus oleae (Gmelin), with radiation or chemical
sterilization procedures (unpublished report),

WIESMANN, R. (1837}, Die Orientierung der Kirschfilege, Rhagcletis cerasi L., bei der Fiablage, Landw.
Tb. Schweiz 51, pp, 1080-1109.






REARING EXPERIMENTS WITH THE
EUROPEAN CHERRY FRUIT FLY

A. HAISCH

Bayerische Landesanstalt fir Bodenkultur,
Pflanzenbau und Pflanzenschutz,
Munich, Federal Republic of Germany

Abstract

REARING EXPERIMENTS WITH THE EUROPEAN CHERRY FRUIT FLY.

Experiments have shown that the collection of eggs of Rhagoletis cerasi L. with artificial egging devices
is possible, and the method is adequate for the present stage of the work. The main probletns in rearing the
larvae are not only due to the difficuity in developing an adequate feeding mixture but also in applying
effective but non-toxic means of preservation.

For several years experiments have been carried out to rear the European
cherry fly under laboratory conditions. This short paper describes the
investigations.

EGG COLLECTION

The eggs were collected by different methods. The females had the
possibility of laying their eggs in grapes or in red-coloured agar-agar
halls {2 cm ¢), or of dropping them through the meshes of their gauze cage
on a wet filter paper. In a separate experiment the eggs were gathered
by a method developed by Prokopy, using domes made of a black wax,
similar to those which Hagen had described, but much smaller. The egg
production and the egg fertility with the different egg collection methods
are shown in Table I, The technique of Prokopy turned out to be superior
to the others, since it resulted in the highest number of larvae per female.

LARVAL FOOD

The main problem is how to feed the larvae. Table II shows most
of the food components tested and the various concentrations. The quality
of the food mixtures was judged according fo the tiine that the larvae
needed to reach the different development stages when feeding on the
mixture,

Impertant but not decisive is the consistency of the food mixture. At
the early larval stages there is the danger of being drowned because the
water content of the medium is still high and the larvae are small. Later
the medium becomes dry and therefore perhaps too hard for the larvae.
Although wheat bran and peat can be used for mixtures te feed larvae of
the Mediterranean fruit fly, the larvae of the cherry fruit fiy did not grow
on such mixtures., Celulosge with a concentration of more than 15% was
dlso deirimental because the mixtures dried too quickly, In the mixture of
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TABLE I. COMPARISON OF DIFFERENT KINDS OF EGG COLLECTION

Experi- Kind of egg Eggs per female Egg fertility
ment No. collection Absclute Relative T & g
1 Dropping 61.3 8.5 6.5+ T.8
1 Agar-agar balls 2.7 3.7 52,5 ¢ 16,8
1 Grapes 8.5 i1.8 41,2 % 17,1
1 Total: 72.5+ B2 00,0 ==
2 Wax domes 66.8 +11.2 -= 85.T+25.9

¥ Deviaton from the tegression line (regression of number of hatched larvae on nember of eggs).

TABLE II. FOOD COMPONENTS AND THEIR CONCENTRATIONS USED
IN THE REARING EXPERIMENTS

Ingredient Concentration Concentration
tested (To) %) of the best
mixture
Agar-agar 1 -
Peat o -11.8 -
Wheat bran 0 -40.0 -
Wheat germ diet® ® 0 - 40.0 10,4
Cellulose © 0 - 40.0 13.4
Powdered camots o - B0 4
Dried brewer' s yeast 4,0, 3,0 4
Sugar 4.0 4
Vitamin fortification mixture ? 0 - 4.8 2.4
f-carotene 0,0.0012, 0, 0024 -
Wesson' s salt mixture.b 1] - 1.5 -
Water 44 - 80 44
Hydrochlorie acid (107 o - 1,2 -
Formalin P - 0.04 0. 04
Benzoic acid 0 - 0.05 6. 05
Sorbic acid 0~ 0.02 -
Mipagin M o =~ 0.10 0,10
Nipasol o - ©0.1¢ -
Pimaricin 0 - 0,004 -
pH 41 - 4.7 4,5

Wheat germ dlet consists of casein (28%), sucrose (28%), wheat germ (24%) salt mbeture (&%) and
alphacel (129,

b Nutritional Biochemical Corporation, Cleveland, Ohio, USA.

Schleicher and Schit!l, Kassel, Federal Republic of Germany.

Basotherm GmbH, Biberach, Federal Republic of Germany.

[T+
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cellulose, powdered carrots and Vanderzants wheat germ diet, the larvae
could bore sufficiently during their whole development. Bui these sub-
stances contain alseo food components, so that it is difficult to judge its
specific quality as carrier substance. For instance, 4% powdered carrots
in the medium definitely accelerated the growth and lowered the mortality
of the larvae, It could not yet be demonstrated that this fact is due to the
carrotene content of the carrots, an assumption which was made because of
an ohzervation of Monrol, who has fed larvae of the Mediterranean fruit
fly. The growth of the larvae was also accelerated after the yeast content
was inereased from 4 to 6 and 8%, However, the mortality at the be-
ginning of the 2nd instar was also increased. The effect of an additional
vitamin mixiure, Wesson's salt mixture or the trace minerals zinc and
cobalt was tested, but because the results were negative, no conclusicns
could be drawn.

It igs very important for the good development of larvae that the growth
of micro~organisms be adequately prevented. Most of the food mixtures
tested were very heavily contaminated with yeast, which covers the feod
with a viscous substance. Several experiments showed that formalin or
benzoic acid with Nipagin M or Nipasol did not control the yeast. Potas-
sium sulphite {0.1%) prevented the growth of micro-organisms and larvae,
Sorbic acid (0, 02%) was effective against the yeast and slso toxic for the
larvae, but less toxic to the larvae than potassium sulphite, Pimaricin
killed all micro-organisms but the growth of the larvae seemed also tc be
refarded, Only a few larvae survived to the beginning of the 2nd instar.

The best growth of the larvae was observed with the mixiure shown in
the right-hand column of Table II. The shortest time which the larvae
needed to reach the 2nd instar was 3 days, to reach the 3rd instar 9 days,
and to pupate 16 days. The mortality was roughly 80%. The rate of
recovery could be markedly higher if the contamination by yeasts could
bhe prevented,

Tests being carried out will show whether the harmful effect of
Pimaricin on larval development is caused by the killing of the symbionts,
which may enable the larvae to digest proteins, In this case the substitution
of protein by its hydrolysed products would essentially improve the growth
of larvae.

1 MONRO, ]., in Radiation, Radiocisotopes and Rearing Metheds in the Control of Inseéct Pests,
IAEA, Vienna (1968) pp. 91-104.
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Abstract

STERILE-MALE TECHNIQUE FOR ERADMCATION OF THE MEXICAN AND CARIBBEAN FRUIT FLIES; REVIEW
OF CURRENT STATUS.

Research at the Mexican Fruit Fly Investigations laboratory in Mexico.City, Mexice, with the Mexican
fruit fly Anastrepha ludens (Loew) demonstrated that this fly eould be artificially teared in a carmot-base
medium and sterilized with 5000 rad. Aduit flies could also be sterilized by dipping them as pupae in a
5% solution of tepa in water. Field fly releases with either sterilization method demonstrated that the sterile-fly
release method is useful For control purposes or possible eradication if the infested area can be overflooded
with sterile flies.

A cottonseed hydrolysate-borax solution exposed as a lure for the Mexican fruit fly in invaginated glass
traps proved to be superior to PIB=7 - borax (the standard). Thit new lure in a pellet form, placed in water
in the glass traps, improved trapping procedures.

Studies on the Caribbean frujt fly Anastrepha suspensa (Loew) camried oat in Miami, Flotida, since 1968
are giving encouraging results for the application of the sterile=male technique, Flies are being reared in
several types of media, although at present the hatch rate and laival recoveries are low, Radiation doses
required to sterilize this fly are in the range of 5000 to 6000 rad.

A Torula yeast hydrolysate at 3% plus 4% borax proved to be sbout 5 times as atiractive as the standard
cottonseed hydrolysate-borax pellets used as a standard in the detection program in Flodda. No significant
differences were found when this Torala yeast-borax formulation was used in & pellet form.

Aerial application of a bait spray containing 280 g PB~-7 and 70 g technical malathion applied as
large droplets was more effective than 70 g of technical malathion applied as an ultra-low volume spray.

MEXICAN FRUIT FLY

The Mexican fruit fly, Anastrepha ludens (Loew), one of the most
important species of the genus Anasirepha, breeds in wild and cultivated
citrus in north-eastern Mexico and is a constant threat to similar fruits
in California, Arizona and Texas,

The United States Department of Agriculture established the Mexican
Fruit Fly Investigations laboratory in Mexico in 1928 in eo-operation with
the Becretaria de Agricultura y Fomento, to study the biology, ecology and
methods for detection and control of this fly.

From the beginning of this program until the development of the sterile-
male technique, several entomoclogists and chemists under the direction
of A.C, Baker et al, (1944) investigated, among other things, the nature
of the damage caused by the fly, host preferences, biology of the larvae,
pupae and adults, trapping procedures, control of the adults by sprays,
parasites and diseases and disinfestation of fruit by fumication and other
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treatments, Bait sprays proved tc be a successfil method of controlling
the fly populztion, bui held several disadvantages,

Studies were initiated to find more advantageous methods to prevent
establishment of this fly in the U, 5, Resnlts of this research indicated
that the sterilization method was superior to bait sprays for reducing
ponulations of the Mexican fruit fly, We therefore undertook a program
te mass~rear the fly for sterile-male releases. In 1854, Hagen and Lopez
{unpublished data, Mexican Fruit Fly Investigations, Mexico, D.F.}
initially reared the Mexican fruit fly on a fresh carrot medium modified
from an early Hawaiian formula, The subsequent development of an
oviposition receptacle by McPhail and Eguiza (1956) increased the efficiency
of production methods. Later Rhode and Spishakoff (1964), on the basis
of resulis obtained by Christenson et al. (1956), sybstituted dehydrated
powder and granules of carrot for fresh carrot in the medium which improved
the mass-rearing technique, The formulation of thig medium was as
follows:

Water 80, 92%
HCl 0., 60%
Sodium benzoate 0. 08%
1Tegosept® 0. 10%
Brewer's yeast 4, 00%
Yeast hydrolysate 0.30%
Dehydrated carrot {granulated} 7.00%
Dehydrated carrot {powder) 7.00%

In the Monterrey facility at Monterrey, Mexico, the mass production
of flies and sterilization is conducted by J, West and L, M, Spishakoff.
The flies are rearedinamedium in which corn-cob grits were substituted
for the granulated carrot, the powdered carrots were retained, and sugar
was added.

This new formulation is as follows:

Water T 0%
HC1 0.6%
Sodium benzoate 0, 08%
Tegosept® 0.1%
#Toruyla yeast CF 2 ) 5%
Sugar 6.22%
Corn-cob grits 13%
Powdered carrots 5%

! Butyl p-hydroxybenzoate.
? Lake States Division, St, Regis, Bhinelander, Wisconsin, UBA.
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About 50% of the eggs set on this medinm produce larvae for transfer
to the pupation medium. The weekly production is 1. 5 million pupae.

When the techniques of mass production were well established, Rhode
et al. {1961) began in 1958 to investigate irradiation dosages and effects
uging the pupal stage which lasts about 15 to 16 days. They found that when
4-day-old pupae were ireated with more than 2000 rad no adull emergence
was obtained., Eight-day old pupae ireated with 7000 io 12 000 rad gave
20% to 60% lower emergence of adulis than the untreated, With pupae
12 days old, or about 4 days before adull emergence, radiation up to
12 000 rad did not affect the emergence and complete sterility was obfained
for both sexes at the 5000 rad level.

The dose rate was investigated at 10 R, 30 R, 50 R, 70 R and 30 R
per minute for the radiation doses from 1000 to 5000 with increments of
1000 R. At 2000 rad, with a dose rate of 70 or 90 R per minute, females
laid fewer eggs and males became less fertile than normel flies, The
females treated with 3000 or more rad developed no eggs and the number
of viable eggs deposited by untreated females mated with freated males
gradually diminished until complete sterility was obtained at 5000 rad.

In two overflooding tests in the laboratory, a rate of 50 sterile flies
to 1 native reduced the percent hatch from 74.1 and 85,5% to 0 and 0.7%
respectively.

To test the effectiveness of thiz method under natural conditions, ground
field releages of sterile flies were made at iwo semi-isolated locations in
Mexico. The resulis showed that a ratio of 66 sterile io 1 native fly
reduced larval infestation in mangos from about 30 larvae/kg to the
unusually low level of 0. 81 larvae/kg. However, when the native populations
were high and only a ratic of 8:1 was obtained, larval infestations were
gsimilar to untreaied plots.

Native fiies are brought into the Tijuana area annually in infested
fruit and constitute a coniinued threat of establishment and spread into
fruit-growing areas of the South-west, .

The USDA FPlant Peat Conirol Divisgion's facility at Monterrey, Mexico,
initially under the direction of L.F. Curl (at present under J. 3, Parker) is
used for the sterilization of Mexican fruit flies with a gamma irradiator.

The Moenierrey facility now provides the gamma-irradiated flieg for release
along the border to prevent establishment by migrants into California,

Pupae treated with 6000 rad are placed in ground-release stations in
Tijuans and La Paz, B, C., when the fly is detected by trapping. Flies in
the ground-release stations emerge through a layer of vermieulite dyed with
calco blue, They can be differentiated from the native population when the
flies are crushed with a glass rod previously dipped in acetone (Steiner (1965}).

In the Tijuana area, native populations are kept under control by using
thig method,- In La Paz, B.C., an isolated location with a low native
population, it appears that the population was eradicated, since no wild flies
were detected during the lagt 6 months (Spishakoff, personal communication).

During the period from 1959 to 1961 research on gamma sterilization was
suspended and gtudies on chemosterilants were initiated in 1962 by Shaw
and Sanchez (1965). They found that after pupae were dipped in a 5% aqueous
solution of tepa for 1 minute and allowed to dry for 24 hours, the flies were
sterilized when the adults emerged and touched the residue on the exterior
puparia, When suchtepa-sterilizedflies werereleasedinagemi-isclated area
in Mexico, in nmumbers sufficient to overflood the native populations (300-
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500 sterile flies to 1 wild fly), 12 fo 14% of the mange crop harvested was
infested in the release grove as compared to 89-90% infestation in the
untreated grove, The same authors demonstrated that adults of the

Mexican fruit fly could also be sterilized by drinking water with 0, 025% tepa,
Bait stations with the chemosterilant (Sanchez and Shaw (1966)) were exposed
in a l-acre planting of 32 mango trees and the infestation of Mexican fruit
flies was decreased in the test area as compared to the check. Because of
lack of replication and different ecological conditions, no significant
differences were found,

However, in 1963, released of tepa-gterilized males (Shaw et al. 1966,
1967) were made at Tijuana and along the border in co-operative tests with
Mexican, USDA and California officials, and hait sprays were discontinued.
High overflooding rates (500 to 1000 sterile male flies to 1 wild male fly)
apparently prevented establishment of infestations although some wild flies
(possibly migrants) were captured in survey iraps, The dosage of
chemosterilant could not be controlled and sterilization of females could
thus not be guaranteed, In 1966, flies of both sexes, sterilized with
gamma irradiation, were substituted for the tepa-sterilized flies,

Since the egiablishmenti of the lsboratory in Mexico, studies on survey
methods have been made by several investigators, McPhail (1937) found
that the invaginated glass trap was the most effective for liquid lures, He
investigated the fermenting sugar lures as well as proieinaceous substances
and found them tobe generally attractive to A, ludens, In 1855, J.F. Cooper
and associates {(unpublished data, Mexican Fruit Fly Investigations,

Mexico, D,F.,) worked with acid, basic and enzymatic hydrolysates of
proteing, but these were not as attractive as the standard fermenting

Jure, and in addition, they putrefied with age., After screening a large
number of chemicals it was found that an acid hydrolysate of corn protein
with a corn-steep water (known as Staley's Insect Bait No. 7 [now PIB-T7}},°2
proved to be the most stable and efficient atiractant for the Mexican fruit
fly. This lure was uded as standard for several years but some of the
disadvantages were that after several days of exposure, decomposition

and discoloration were present, soft bodies such as fruit flies disintegrated,
and extraneous insects were attracted, Lopez and Hernandez {1967) found
that the addition of sodium borate eliminated putreficationr and the other
disadvantages.

Subsequently a more effective lure was developed. Lopez and
Spishakoff {1963 a,b) found that & solution prepared with 1% enzymatic
cottonseed hydrolysate? and 2% borax was more atiractive thaa the PIB-7
horax solution, The liquid hydrolysate-borax bait was replaced in 1561
by a pelletized formulation of an enzymatic cottonseed hydrolysate and
2,6% borax and is the standard for Mexican fruit-fly detection in the control
program carried cut in the Mexican-U. 8. border area, Itisalsooneof
the detection tools for foreign tephritids used by regulatory officials in
several other paris of the United States,

Before the Mexican fruit fly investigations were terminated in 1263,
more than 11 000 compounds had been screened as atiractants., Unfortunately,
it never wag possible to obtain as powerful a male lure as the methyl eugenol,
trimedlure and cue-lure developed for the three Hawalian fruit fly species,

¥ ALE, Staley Maopfacturing Co., Decatur, Il., USA,
* Amber Laboratories, Milwankee, Wis,, USA,
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CARIBBEAN FRUIT FLY

The Caribbean fruit fly, Anastrepha suspensa (Loew), invaded Florida
in 1965 and caused considerable econemic damage, It spread northward
through 28 counties. The U, 5, Department of Agriculture, Entomology
Research Division, established a Caribbean Fruit Fly Investigations at
Miami, Florida, under the direction of L, ¥. Steiner in 1968, Some work
had been conducted before 1968 by the USDA and the Florida Depariment
of Agriculiure,

H. Kamasaki and associates in 1585 found that the Mexican fruit fly
media could be used io rear this fly, but less successfully than A. ludens.,
When the colony was in the Fy generation it was turned over to the Division
of Plant Industry, Florida Department of Agriculture, which successfully
carried it to the 7th generation,

Richard Baranowski of the University of Florida Subiropical Experiment
Station at Homestead, Florida, and A, Selhime and associates at the USDA
Humid Area Insects Research Laboratory at Orlando, Florida, coentinued
with research to improve fly producticon. They found that the sugar cane -
bagasse media used in Costa Rica for the Mediterranean fruit fly eradication
program could be used with some modification such as with the addition
of citrus pulp, However, productivity was low and the methods require
further improvement before efficient mass production can be obiained.

Payl Norman and associates established the Orlande colony at Miami,
Florida, and used the carrottype medium as a standard on a mass-production
hasis and compared it with a new Hawaiian medium developed by N. Tanaka
and associates (unpublished manuscript, Hawailan Fruit Flies Investigations
laboratory) and the previously mentioned bagasse - citrug pulp media. The
recoveries obtained with the last two media were generally lower than
obtained with the carrot medium, However, at present the percent larvae
recovered for transfer o a pupation medium from eggs set with any
of these media rarely exceed 15%, partly because of low fertility (averaging
55%)., The current masgs-production studies need further evaluation before
any large field tests of the sterile-insect release method can be conducied,
Studies by Kamasaki and associates in 1965 showed that the radiation dose
needed to induce sterilify was about 3000 rad., They found it could be
inereased to 5000 rad without adversely affecting the behavicur of the adult,

Studies were initlated at Miami, Florida, in 1968 on radiation dosages
and their effects but little of this has been completed, To judge from
dissections made of treated flies, the dose required to obiain irreversible
sterility will be in the range of 5000-8000 rad. However, mich more
research must be done to deiermine the minimum effective doges thaf can
he used for fly releases and the overflooding ratios reguired.

Research on attractants for the Caribbean fruit fly showed that the
pelletized enzymatic cottonseed hydrolysate and borax in invaginated glass
traps with water was also atiractive for this fly as well as the Mexican
frait fly. This formula was used for survey purposes to detect Caribbean
fruit fly populations.

Barly in the attractant studies Lopez and asscociates at the Miami
laboratory found that a hydrolysed Torula yeasi® at 3% plus 4% borax in

® Amber Laboratories, Milwaukee, Wis., USA.
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water proved to be 5 times as effective in invaginated glass traps as the
standard pelletized cotionseed hydrolysate-borax lure.

We tested pellets prepared with this new Iure by the USDA Plant Pest
Control Division, at the same concentraiion in water in the invaginated glass
traps replicated 50 times. The pelletized bait caught about 15% less flies
thanthe Torula - borax solution. But the analysis of variance and Duncan
multiple range test showed no significant difference. Current tests with
higher ratios of hydrolysate and borax than 1:1, 33 indicated that more than
2 parts borax to 1 of the hydrolysate is harmful. The borax reduces the
atiraction most during the first 2 days.

Olfactometer screening of the candidate materials are under way with
the purpose of finding a strong mate or female attractant that can be used
to greaily improve present detection and survey procedures. Omnly two
chemicals of 464 screened to date showed any attraction but not enough for
potential use, However, these may provide USDA chemists with valuable
leads in our mutual search for better attractants,

F.R. Holbrook and agsociates at the Miami laboratory in co-cperation
with USDA Plant Pest Control Division, Universily of ¥Florida, and the
Division of Plant Industry {Florida State Department of Agriculture) conducted
replicated aerial bait spray tests on sixieen 145-hectare plots in the city
of Miaroi to compare three concentrations of PIB-7 — malathion with ulira-
low volume malathion for suppression of the native population. The ohject
was to develop dosages that could be used before sterile releases., They
found thit a mixture containing 112 g of PIB-7 and 28 g of technical
malathion/ha applied as large droplets was not statistically different from
28 g of technical malathion alone applied as a ULV spray, although the
average reduction during the week after each spray was 88% and 57% for
the bait and non-bait sprays, respectively.

Note

Mention of a commercizl product or company does not necessarily imply
their endorsement by the USDA,
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STERILE-MALE TECHNIQUE FOR
CONTROL OF THE OLIVE FLY

Review of work on rearing and radiation

G. de MAGALHAES SILVA
EstragZo Agrondmica Nacional,
Oeiras, Portugal

Abstract

STERILE-MALE TECILINIQUE FOR CONTROL OF THE OLIVE FLY: REVIEW OF WORK ON REARING AND
RADIATION,

Al aspects of rearing Dacus olege (Gmelin) are reviewed. Results indicate that the composition
of the diet is yuire satisfactory and thar the main problems are adequate egg-laying devices as well as
reduction in rearing space. Work on radiation and clemical sterilization is mentioned. Larvae, pupag
and adults were sterilized. As expected, a higher dose was needed for the more advanced phase, Different
authors report work on male competitiveness and on field cage tests, Tepa seems to be the most promising
of the various chemosterilants tested.

1, INTRODUCTION

One of the insects whose activity as a pest has been referred to over
a very long period (Roman authors mentioned it) is the olive fly, Dacus oleae
(Gmelin). In its biology it presents very marked characteristics which are
not very commeon among fruit flies: it is strictly monophagous; it lays only
one egg at a time and, conditions permitting, one in each fruit.

As a matter of fact, only fruits of the genus Clea are considered as a
host by this species and, on the other hand, where more than one egg is
found in each fruit, this happens only during high infestations, when the
urge to oviposit, having exhausted all fruits, leaves no other alternative
for the heavy egged females but to probe and use already Infested fruits.

These characteristics, so deeply marked, become very uniavourable
when an artificial substrate is required for laboratory rearing, and
mainly when mass rearing is needed. They are responsible, we think,
for the difficulties in mass rearing as found by research workers over
the last decade, following Moore' s first efforis (1258).

2, REARING

Handling of adults

Cages

The cage models used have been mostly of the conventional type,
cubic in form with 2 screen on all sides or with glass in some of them
(Hagen et 21.{1983), Moore and Navon (1965), Orphanidis et al.(1869),
Pelekassis and Santas (1969), Rey (1969)), the size varying from
15-20 om edge to 35 em and no one definitely proving which is the best.

119
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Small cage size seéms fo be essential with this fly, a fact not very en-
couraging for the economy of mass production.

Multistoried cages of three or four units separated by perforated
metal sheets are now used by Silva; they are three or four times lighter
than previous cages and cheaper, A horizontal cage of several units, with
partial separation, was tried by Silva and colleagues at Qeiras, Portugal,
allowing the f{lies to intermix but keeping them uniformly distributed;
this was effective only when the light was on the front side. All these
models can be conveniently disassembled for washing and disinfection
after use.

Cavalloro (1967) introduced a very cheap cage, made completely of
cloth suspended from an individual frame. Silva used a Dexion structure
as a frame, providing the sustaining elastic ribbons with small hooks
fixed in the holes of the angles.

Tzanakakis (1968) is now experimenting with a larger {1.20 m long)
Plexiglas cage with the screen on the underside.

Density of population

The imporiant guestion of density of population has not yet been com-
pletely cleared up, but small densities (Orphanidis et al.{1969), Pelekassis
and Santas (1968), Rey (1869), Tzanakakis and Economopoulos (1967))
cannot be ignored if high yields are to be expected with no heavy mortalities.

The findings of Tzanakakis et al, (1968) are important: they point out
that the 1:5 (¢': §) ratio is as good as 1:1, and also put forward the possi-
hility of removing the males after 10 days, since from then on, further
matings are neither necessary nor to be expected.

Feeding, watering

IUp to now, the formula of Tzanakakis et al. (1868), which is basically
that of Hagen et al.{1383) enriched with egg yolk and honey, has shown the
best results. Olive juice proved unsatisfactory. Cavalloro (1967) claimed
to get good resulis with a solid formula {4:2:1, sugar, yeast, hydrolisate);
but Hagen et al. (1963) reported that this kind of food was not adequate for
this fly. T=zanakakis et al. (1987c) alsotried a solid diet with slightly inferior
results but found that a strain of flies from a region with a drier climate
wasg able to use it better: he suggests selection in this direction, taking
into account the practical advantages of a solid diet, Rey's (1969) recent
claim that his wet formula keeps fluid for a period of 3 weeks, through
uging 20% glycerine in the water of Hagen's modified formula, could help
solve the problem of the need to reduce the routine work., Sugar in powder
form is also used by practically all researchers. Water has heen provided
in different ways: inverted tubes over filter paper in the bottom of cages
{Tzanakakis), moistened cottonr wicks on the screen top of the cage
{Cavallora}, or a water-filled tube inside the cage.

Ambiental factors: light, temperature, humidity
Very different light conditiong can be found in various rearing facilities,

Bagically, there must be a general illumination apparatus and a special
lamp, placed over the cages or in front close to the cages. All researchers
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agreed that high intensity (1500-3000 lux) is necessary. Il seems to the
present author, however, when using Parafilm as an egg collecting device,
that such a great light intensity is not needed, perhaps because of the
translucid property of the film and the habif of the flies {o gtay on it almost
permanently, 400-T700 lux have been used with fair success, either with a
close fluorescent 40-W lamp or with two 60-W lamps, 1lm apart. It looks
as if it is not so much the light but the brighiness that counts in this case,
Before and after the intense light period, a period of 1-2 hours of reduced
light, reproducing dusk conditions, is sometimes used, The intense light
period ranges from 10 hours (Rey (1969)) to 16-18 hours {Orphanidis et al.
(1969)).

A temperature of 25°C has been adopted almost universally for the
maintenance of adulis {Orphanidis et al,{1969), Rey (1969), present author}.

Rey, however, uses a period of 20°C during the night; this lengthens
the life span and favours the egg output. Relative humidity is generally
kept at 65-75%.

Oviposition devices

Paraffin domes were introduced by Moore (1959}, Either white or
coloured (Orphanidis et .al.(1869)), small or somewhat larger, they have
been used by almost all investigators up io now, Multiple, small re-usable
domes were recently tried out by Rey (19689},

Cavalloro's cage (1967), a1l nylon, provided the opportunity for flies
1o oviposit through the fabric, with the eggs falling inio trays filled with
water helow. The simplicity of this solution, however, resulted in a low .
fecundity of the eggs. Cavalloro's claim of satisfactory fecundity was
unfortunately not confirmed by other investigators (Tzanakakis, Silva).

It seems that when laying, inorder toensure the fecundationofeggs in all
cases, the fly needs to make an effort to puncfure some membrane,
adopting the natural position used on the dlive fruit, with the abdomen
curved and the oviposiior projected frontwards, so pressing the
spermathecae.

Tzanakakis (1969) and colleagues are also experimenting with a
similar device: the above-mentioned Flexiglas cage with the bottom
screen over a water-filled tray.

Silva has introduced the Parafilm membrane, covering one side of
the cage entirely., This has proved successfal, after previous stretching
to 1,5 times the length, reducing the commercially produced thickness
from 100 pm to 67 um. Upon our request, Marathon Division of Coniti-
nental Can Co. has produced a special thinner film which makes this
operation unnecessary.

The females were ocbserved to oviposit readily through the film, How-
ever, as the eggs remained stuck to the cuter side of the filrm, a method
of removing thern was needed. To do this, a flushing device was adopted
consigting of a small intermittent syphon delivering flitre of water every
15-20 min, through & multi-holed plastic tube placed cross-wise on the
upper side of the film, The water, carrying the eggs, was fil{ered through
a funnel with a cloge~-mesh cloth,

It was found at Qeiras, Portugal, that the pre-oviposition period is
shorter than with domes, This may be related to the difference found by
Rey {1969): in the domes oviposition starts only when 2-3 layers of eggs
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are completed, whereas in the fruit only one layer is sufficient. Taking
into mccount the similarity of physical conditions between both pellicules,
this may be the case, and calls for further verification.

Fertility of eggs was found at QOeiras to be approximately 85% (92-78%)
during four weeks. Some modifications, all cost-reducing, were intro-
duced and now, with the last improved set-up, four 4-storied cages can
bewatered with only one syphon andall eggs recovered with only one funnel
at the end of a trough, receiving the water from all the four cages,

Transfer and counting of eggs

The transfer of eggs is dohe by a paint hrush (Rey (1869)}), a drop
counter ({Silva) or filter paper (Silva), depending on the diet and type of
container used for rearing. For experiments, they are counted indi-
vidually, but for larger rearing containers, pipettes (Cavalloro (1967),
Hagen et al.(1963)) or syringes (Silva) are used as measuring devices.

fmmediate transfer after collection is usually considered inadvisable,
with higher mortalities (Orphanidis et al.(1969), Tzanakakis et al.{1866a,
1967b)}. Some resgearchers transfer only larvae {Orphanidis et al, (1969)).
The problem does not seem so acute with diets including corncob (Silva)l.

Tarval subsirate

As in all artificial substrates, under non-aseptic conditions, the
following components have to be considered (Friend (1968)): a carrier
or bulk part, mostly inert; protein: carbohydrates; lipids (and sterocids);
vitamins; mineral salts; preservatives {mould, yeast and bacteria in-
hibitors). Moore's diet (1959) has evolved to what can be considered now
the least expensive, for a fair yield of pupae: the Rey formulia modified
with corneob (1969).

A number of modifications have been made by various authors;
they will be reported here for their historical interest, mainly because
the successes and failures are worth presenting in a discussion on the
lines of research to be followed to reach the final aim of a completely
adequate and inexpensive diet for the olive fly larvae.

Carrier

The bulk of the diet was provided by Moore (1959) as cellulose,
Dehydrated carrot was adopted by Hagen et al.(1963) and Lopez D.
{1965) and is still uged by Orphanidis et al,(1962) and Cavallora (1967).
Other materials have been iried either in a search for a more adequate
physical condition or for less expense, or both: cellulose (Tzanakakis),
bran, either rice (Santas) or wheat {Silva), éucalyptus pulp {Rey), sawdust
{Santas and Pelekassis), ground corncob (Cavalloro). This latier has been
adopted by Silva and Rey and shows the greatest advaniages at the moment:
it is very absorbent to water, making the substrate much less dependent
on a very defined amount of water than, for example, celliziose and de-
hydrated carrot {Tzanakakis et al,{1966a}); it gives a fluffy and aerated
condition to the substrate and allows the eggs to be added in a 'sandwich®
fashion (Cavalloro {1967)) or evenat the bottom {Silva). As for the cost,
it is only the grinding that has o be considered, since cornccb is usually
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either thrown away, used for mixing with fertilizers, or burnt, It should
be emphasized that it is not completely without mitritive value, containing
a 40% carbohydrate fraction,

Rey points out that it is somewhat more infecied by moulds, When
used in & modification of Tzanakakis's diet P (Tzanakakis et al.(1966a)}
this was not found, However, it was found again with a modification of
Rey's diet.

Agar was used by Moore, Tzanakakis {(diets M and N) and Orphanidis,
but its use involves the heating of the medium, which is another source of
variation {Tzanakakis et al.(19686)), andif its use canbe avoided, somuchthe
better. The use of agar therefore seems to have been introduced because
the larvae gnaw their way {hrough a compact medium, the olive mesocarp.
But, after the use of substrates based on bran and corncob, agar proved
not io be necessary.

Protein sources

The protein hydrolysate used by Hagen et al.(1263), after Moore's
casein (1958) and peanut butter, marked an important step, considerably
increasing yield, so it was thenceforth included in all other diets
(Orphanidis et al,(1963), Tzanakakis et al.{1966a), Tzanakakis and
Economopoulos (1867), Pelekassis and Santas {1969)) up to Rey's use
of germinated chick peas (1969). This was an excellent idea, taking
advantage of natural protein hydrolysis during histolysis of seeds, pre-
ceding the histogenesis of seedlings, The costly enzymatic protein hydro-
lysate could then be discarded for a very cheap material,

Meanwhile, various attempis at using pariially hydrolysed protein,
or a mixture of erude protein and smaller amcunts of hydrolysate (at
Oeiras) were not successful, with the exception of the diet of Orphanidis
et al,(196%9). The choice of chick peas was very fortunate since gome
other legumes tried out did not work [Rey: lupinus (Lupinug albus),
vetches (Lathyrus sativus), soy beans (Soja hispida); Silva: Lupinus luteus
and L. albus, both bitter and sweet, Lathyrus cycers and Vigna sinensis].
They also failed as scurces of crud and hydrolysed protein (e.g. Tzanakakis
et al.(1966)}).

Roasted peanuts were introduced by Tzanakakis et al.(1986a) and
Tzanakakis and Economopoulos (1967) with good resulis, It is not known
whether its active component is the protein, the oil, or something else.

Carhohydrates

Sucrose is generally included in all diets, Only recently the intro-
duction of germinated chick peas has enabled Rey (1969) to drop it. The
only other sugar used was fructose, by Moore (1959).

Mannitol, used by Moeore, is still included in the formula of Pelekassis
and Santas {1569) but without conclusive reasons for its use, as far as is
¥nown,

Lipids

Removal of olive oil from the diet considerably reduces the yield
{Lopez D, {1865)). Iis active component is not yet known for certain,
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With the oil, an emulsifier, mostly Tween 80, is normally used, but
has now been discarded by Rey (1968), after the introduction of chick
peas. Peanuts also provided some fat.

Salts

Moore (1959) used Salt Mixture No.2 and Hagen et al.(1863) used
the Wesson salt mixture, hut afterwards the need of oligoelements were
supposed to be provided by the yeast, Nevertheless, some tests were
done with mineral salts of K, Cu, Zn, Mn, Mg and B, according to the
percentage found in the analysis of the olive pulp ash (Silva), but resuits
did not show any improvement. Ashes, as complementary source of salts,
were added by Rey and Silva, also without any results when using per-
centages based on those found in the olive pulp. Rey's suggestion that
the bad resulis with one brand of yeast were due to lack of copper is not
borne out by other experiments (Silva), where bad results were cbtained
using yeast with a considerably higher copper content,

Vitamins

The source of the vitaming, mainly the B complex, is yeast, a constant
item in dieis., This is one point still waiting to be completely cleared up,
and we feel this is not possible without some tests including the basic
vitamins.

Ags a matter of fact, the yeast quality has proved a fundamental point,
yvields depending very closely on the source of the yeast used. Siill, some
of the experiments gave rather puzzling results (Silva, Rey, Tzanakakis),
a different yeast being shown to be the best in each case. Perhaps this
can be explained by the use of different strains of flies, with different
grades of "domesatication', i.e. with more or less generations completed
in the laboratory. The sclution can only be found by comparison in the
game place with strains of different origin. These conditiongs have been
applied at Oeiras, where Greek and Spanish pupae have been sent, and
experiments are being carried out.

Of course, the somewhat erratic activity of the yeasts ig {o be ex-
pected, if one considers the number of active constituents and the
different grades of purification applied to the commerecial brands. Only
purified brands can guarantee a constani composiiion. Bui the cost is at
least 2.5 times that of the cheaper products. Choline chloride, used by
Moore (1959, 1962) and Lopez D. (1965) is still adopted by Orphanidis
et al.{1969) but not by other researchera, as satisfactory yields are ob-
tained without it,

Steroids

Cholesterol (and sitostercl used in the first diet of Moore) has aot
been included in other diets, but it is not clear why.

Preservatives

As the diet for mass rearing will inevitably be used in non-aseptic
conditions, it is necessary io use anti-fungal, anti-yeast and anti-
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bacterial substances, which should cause the least possible adverse
action on the larvae. Owing to the favourable circumstance that larvae
can stand a very high acidity of the diet, most bacteria are easily avoided
by lowering the pH by adding hydrochloric acid, This practice is uni-
versally accepted affer Hagen et al.(1963), with pH's of 3.8-4.2 as the
values mostly used (Orphanidis et 21.(1969), Rey (1969), Tzanakakis and
Economonpoulos (1967), Silva)}. For mould and yeast inhibition, the two
preservatives mosi frequently used are methyl parahydroxybenzoate
(Nipagin, Tegosept) and potassium sorbate (or sorbic acid), However,
the toxicity of Nipagin, more acute in acid medium, calls for its re-
placement or redaction,

The recent use of germinated sprouts by Rey (1968) has allowed its
percentage in the diet to be lowered by one half to 100 mg/100 g, with
the acceptance of some fungistatic action of the germinating legume.
However, the difficuliy of standardizing this germination causes some-
times an unprotected batch of diet, mainly when cornceb ig used (Rey, Silva),

Many other chemicals have been tried, without much success, e.g.
antibiotics — Nistatin, cyclokeximide, tetracyclin, polymicin, mycostatin;
chemical fungicides — metiolate, captan, maneb, zineb and dipholatan
(Rey); also sulphaguanidine and 8-quinclinol, guinosol and salicylic acid
(Tzanakakis et al.(1966a)). Only Delvocid (5% pimaricin) has given some
Promising results in a very low concentration, but its level of toxicity
has not yet been exactly defined, Sodium benzoate and butyl parahydroxy-
benzoate (Butoben) have also been used (Lopez D.(1965), Orphanidis et al.
(1963), Hagen et al, (1963)).

Density of larvae, thickness of the substrate

As has been stated, the natural condition of solitary life does not
favour a heavy concentraton of larvae in the subsirate and so leads to a low
use of its constituents. Densities over 1 larva/g of medium normally can-
not be exceeded without loss of efficiency (Tzanakakis et al, (1867a)). To
get a better ocutput, Tzanakakis {1269} is now re-using the medium, afier
some supplementing of soy hydrolysate and brewer's yeast, with pro-
miging results.

In addition, selling the used medium as feed for chicken or cattle,
as has been done for the C. capitata medium, can also contributie to
lowering the costs., The thickness of the medium is normally about
1.5-2.5 cm, Rey {1869) found no difference between 0.6 cm and 1.7 cm.
This thickness can be increased, we think, with substrates containing
corncob, due to the better aeration it provides, allowing perhaps the
use of more convenient containers. The containers used have heen of
numerous types, but mostly Petri dishes for experiments and shallow
pans for more extensive rearing.

Papae

Either pupae are removed individually from the medium or the larvae
are allowed to crawl outiside the container to fall down into a tray provided
with sBawdust where they pupate (Tzanakakis and Economopoulos (1967)) and
c¢an then be sifted out. Also, a large variety of containers have been used
to hold the pupae until emergence, under dry or slightly moist conditions.
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Sexing can be done by observing the setal fringe on the 3rd abdominal
tergite of the males during the last days {Tzanakakis et al. (1967b, 1968}).
Alcchol dipping, followed by water dipping, facilitates the obgervation.

Concerning the rearing in general, if seems that the main handicaps
are that much more space is needed than for other fruit flies, and that
the diet is not yet completely adequate, Progress is nevertheless en-
couraging, with the use of Parafilm, with still lighter and cheaper cages,
and with more automatic recovery of eggs.

The same applies to the diet: after the bhreakthrough of the use of chick
pea sprouts in a medium with ground corncob, it seems that no essential
component is now lacking and the improvement should come more probably
in the direction of a more balanced composition of their constituents
(Friend {1968)), following a standardization of such fundamental ones as
yeast and germinated chick peas.

Formula N of Tzanakakis was accepted as a standard one for com-
parisons with other formulae at the FAQ Athens meeting In 1860,

3. RADIATION

The first reported experiments for sterilizing D. oleae as pupae were
performed by Melis and Baccetti (1860) in Italy during 1860, This work
was remarkable as it established the range of gamma rays needed fo
sterilize the males (8000-1200 rad) and the best period for applying the
radiation (3-7 days before emergence), and, in recognizing the capability
of competition of the sterilized males, found,in a field experiment, a
4:1 proportion of sterilized versus normal males to be enough {or conirol
(only 1% of eggs laid developed into larvae). These findings were later
published separately by Baccett and Cappellini (1961), giving more
details on the radiation technique using a ®9Co source, Later, the
histolesions produced by the ionizing radiaiion io the mesenterion were
studied by Baccetti et al. (1961),

Thomou (1963), in Greece, reproduced practically all these fmclmgs,
also using larvae for irradiation which at 20001 300 rad remained
sterilized throughout their adult life.

For adults, 15-18 krad was found to sterilize them completely through-
out their life, Baccetti and Bairati (1964) describe in very close detail all
the structures connected with male gonads and male germ cells, The
histolesions caused by gamma radiation were reported by Baccetti (1965).
The main findings were:

The sheaths of the testes are not affected,

Late spermatogonia and particularly the first spermatocytes are the

most sensitive cells.

Young spermatogonia appear to be rather insensitive.

The evolution of the spermatids is not blocked, but they are some-

times damaged in ultrastructure,

The bundles of spermatids remain constant (256 each).

Single cells in the bundles of spermatids degenerate.

Tsitsipis and Tzanakakis (1968), on the gquestion of male competitive-
nesgs, concluded that mating ability was unimpaired at 8 krad. Tzanakakis
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et al, (1966b)} alsc confirmed the effectiveness of the 8-12 krad dose, using
laboratory-reared pupae; 6 krad was also considered satisfactory. Later
it was found (Tzanakakis et al. {1967b)} that with the 8-krad dose, 20 times
fewer punctures were made by the sterilized females.

Pelekassis and Manikis (1963) concluded that the ratio of sterilized
males must be increased to 8:1 in order to achieve a low (4%) fertility
level of eggs laid in caged trees.

Ceoncerning the mating akility and frequency, it was found that
sterilized males were capable of mating daily for 30 days, just as
normal males, but were able to convey sperm only up to the 5th-11th
mating, after which the festes were found to be depleted at dissection
(Tzanakakis (1969)).

4, CHEMOSTERILANTS

The use of chemicals for inducing sierility has also heen investigated
for the olive fly. Interestin chemosterilants has practically arigsen only
in the last decade. It was during 1863 that the first mention was made of
applying these to the olive fly. This was the work in 1962 by Orphanidis
and Patsakos (1963). The chemical used was meiaphoxide (metepa);
at 1% it sterilized only males. Pelekassis and Manikis (19563) found tepa
lethal at 1% to both sexes.

A preliminary field experiment, including 2000 olive trees and using
apholate, shows some reduction of the egg fecundity from 89.7% to 45.5%
(Orphanidis (1965), Orphanidis et al. (1968)),

Tzanakakis et al. (1967b) found differences in the action of metepa (1%)
added to the solid sucrose or to the standard liguid diel: it was mostly
lethal with the sucrose and produced 1009 sterility to females and 90%
to males, when added to the diet, Metepa was found to sterilize both
males and females at 1%, With tepa (aphoxide) a few dosages were tried;

1% — lethal to both sexes, young and older flies
0.70 - 0,1256% — lethal to young flies

0.1% — not lethal to older flies

0.025 - 0,01% — ne ovary development, young flies
0.005-0,0025% — sterilized young females
0.0025-0.00125% - sterilized young males.

These doses are rmuch lower than the ones reported by Orphanidis
and colleagues. Fytizas {1967a, b, 1969a, b) and Fytizas and Bacoyannis
{1967, 1968a, b, 1869a, b) did a considerahle amount of work, the con-
clusions of which have been summarized by Tzanakakis (1969).

The need to evaluate the effects of chemosterilants was emphasized
in order to separate the main effects (genetic effects on the spermatozoa
and on the eggs, cytotoxic effectis on the ovaries and inhibition of ovi-
position) from the secondary ones (lethal effects on both sexes, cytotoxic
effects on the testes and mating inhibition),

Tepa is considered to have the most favourable properties, since the
doses inducing the lethal, the cytotoxic and the genetic effects are widely
separated, with a very favourable safety factor (X 50).
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There seems to be no connection between the action of tepa on the
one hand and male mating drive and oviposition mechanism in females
on the other; this looks very favourable in practice, The same result
was found with reserpine (Fytizas and Bacoyannis {1968a}). In this case,
it is the oviposition that is inhibited (at the 0,1% dose) but the eggs are
formed normally in the ovaries, At higher doses (0.5, 1.0 and 2.0%) the
development of the ovary was inhibited in part. This is a very interesting
line of work, offering a different way of reducing the reproductive capacity
of the pest.
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Abstract

REVIEW OF OLIVE-FLY ECOLOGY BN RELATION TQ THE STERILE-MALE TECHNIQUE.

[xata on average monthiy catches of Dacus oleae (Gimelin) are presented for the years 1966 and 1967
as compared with mean temperature and relative humidity. In both years the population peak was in
October and four generations could be shown. Laboratory experiments indicate that adults must be present
in olive groves even during the eolder part of the year. Results of radiation work by different authors is
discussed. The need is mentioned of a powerful attractant in order to determine population levels in olive
groves, longevity and field behaviour of released sterile flies, and migrations from one group of erchard:
w the other ones. Work with chemosterilants, namely tepa, is reviewed.

INTRODUCTION

The olive tree is one of the most important cultivated plants in many
Mediterranean couniries, In Greece there are about 85 million trees
located mainly along the coastal areas and in the islands, The most im-
portant pest of the olive frult is Dacus oleae (Gmelin) and yearly it causes
damage estimated at about 20-25% of the crop.

Because of its great economic importance, the biology and the control
of this insect has been studied for years, and a program has recently been
planned for the application of the sterile-male technique,

ECOLOGY OF Dacus oleae

Apart from the study of Moore (1260),the ecology of D. oleae has
not heen particularly examined, However, data on different ecologleal
aspects have been published in articles concerning biology and control of
Dacus, such as those of Martin (1952), Avidov {1957), Sakantanls (1952a, b,
1954) and Pelekassis (1960}.

In Greece as well ag in other olive-oil-producing countries in the
Mediterranean area the population peak of D', oleae, as well as highest
attack on the fruit, has been noticed in auiumn, particularly from the be-
ginning of September until about the middle of November, the date varying
with climatic conditions. This has been attributed, apart from other
causes, to the migration of the insect from mountainous areas, where
there are cultivated and wild clive trees, towards clive orchards located
in the plains, Moore {see Avidov (1957), p.114)} noticed that the fecundity
of the females during autumn was iwice ag high as in summer. Ayoutantis
et al. (1954) attribute the reduction of egg laying during summer to the
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TABLE I. AVERAGE MONTHLY CATCH PER TRAP? OF Dacus oleae
{Gmelin) ADULTS AND THE CORRESPONDING TEMPERATURE AND
RELATIVE HUMIDITY IN SIPIAS — ROVIES (EUBOEA}

1966 1967
Momnth Mean Mean Mean Mean
Monthly temperature rela.ti?'e Monthly Temperature re]afi\ire
catch o humidicy catch o hurmidity
(%) &)

January 2.2 B.1 B0, 15 8.4 ‘B.2 78.71
February 8.3 12,8 73,60 4.2 7.3 78,62
March 11.3 11,7 T3.35 14,3 10,7 75,95
April 18,32 16.8 70,60 21.2 18.1 72,87
May 2.0 20.1 67.25 7.8 20.8 T70.40
June 28.9 24,3 66,25 28,1 24,1 62.46
July 27.9 28,3 60,66 59,4 26.8 59,48
August 40.4 28.2 68,81 106.3 29.8 61.82
September 28.1 22,7 85.82 823.9 23.0 68.46
October 128.4 2L.5 71,178 158, 7 18,8 76,77
November 82.3 15.8 T8, 71 96,1 13.6 81,08
December 17,8 11,0 78.70 28,3 10,3 B2, 51

2 McPhail traps containing a soluticn of 3% diammonium phosphate,

TABLE II. EFFECT OF TEMPERATURE 5+ 1°C ON THE VARIOUS
STAGES OF Dacus oleae (Gmelin) IN THE DARK ({(ICEBOX)

Stage Mortality (%) in days Remarks
Egg 100 15
Larva 1 100 15
Larva I1 100 15 in alives
Larva II1 100 15
Pupa 100 15-80
Adult 90 80

low relative humidity of the season, This observation is echoed by
Bateman's (1968) statement that a considerable increase in the fecundity
of Dacus tryoni 1g noticed in years of high moisture,

In Table I we give data on the irapping of adult D. oleae in the olive
orchard of one area (Euboea-Rovies~Sipias) during the years 1968 and 1967,
together with the corresponding meteorological data,
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‘In Table I are given data, obtained under laboratory conditions, on
the effect of low temperature on different stages of the insect.

From Tables I and IT it is clear that adults of the ingect are found in
the olive orchard and "theoretically'' ! fly during the whole course of the
year.

According to Moore's (1960} data on the development of the insect from
the egg 1o the adult as a function of temperature, the constant is 341 day-
degrees C (threshold of development 10.7°C), and on the agsumption that
the populations of Israel and Greece are biologically similar we should
egtimate the number of generations In most areas in Greecce from 4 to 5
during the perieds of summer and autumn when the average temperature
is asbove 11°C, The experiments on a number of generations of this insect
under field condifions made by Arambourg (personal communication, 1 969)
have not yet been completed,

A methed for determining the time intervals hetween generations of
D. oleae in the field has been applied in olive orchards in Greece by the
Department of Entomology of the Benaki Phytopathological Institute for
many years. Thig method ig based on the following data:

{a) Sampling of olive fruits every 5 days to egtimate the infestation.

{(b) Number of adulis caught in McPhail traps, also every 5 days,

{c} Maturity of the female adults,

(d) Sex ratio of the captured adults.

All these data provide some information for predicting the size of the
next generation. Consequently the theoretical estimate of the generations
on the basis of Moore's data should he compared with those of field studies.

Kalopisgis et al. (1954) estimated the increase of the population under
favourable conditions, showing that for one female of the first generation
{spring), ifshe lays 200 eggs the number of oviposition punctures in the
3rd generation will he 200000 000,

This theoretical estimate does not apply in nature, becauge many
factors prevent the Increase of the population. Among thege factors are:

(a) The impossibility of the adultg of the first genepation laying a
gufficient number of eggs;

{b) The mortalitly at the immature stages of the insect. In summer,
in & dry area (Attica) according to Stavraki (1969), it can amount
to 30 - 93% depending on the season,with olive table varieties, On
the other hand, oa the olive oil varieties during September the
mortality ranges from 10 - 18%;

(c} The parasitism by Hymenoptera which, in various partg of Greece,
reach 67.5% or more according to Isaakides (19586),

The most important natural factor which causes the reduction of the
insect population during the summer period ig the high temperature, which,
according to Avidov (1857), prevents the female from laying her eggs. But
during autumn there is a rapid increase in the population, due io the favour-
able seasonal conditions which permit fast development of the insect in a
relatively short time,

Unless they are conirolled, these generations from September until
November create populations which destroy the crop.

! Theoretically because during the winter, with low remperatures, ne flighr has been noticed
although there are adults in the olive trees,
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It iz known that the Dacus population, as well as the degree of its at-
tack of the olive frult, is not identiczl in different olive orchards in the
same area, It appears that the greatest attack and the greatest population
chiefly occur in eertain places as a resgult of the climatic conditions of
the micro-environment, particularly the relative humidity. According to
our observations, in olive orchards with identical ¢limatic conditions,
the infesgtation is greater where there is more fruilt.

Until now the only satisfactory methods of controlling the insect are
(a) cover spray {with organophosphorous insecticides (Martelli {1950))
and (b} bait spray {with protein hydrolysate + erganephogphorous insecti-
cide (Orphanidis and Soultanopoulos (1852)),

These methods are applied from the summer onwards. Cover spray
iz applied on a small scale because of the difficulty in water supply and
the problem of the residues in the olive fruit and the olive oil, Balt spray
gives sufficient protection to the crops, but it should be applied aver large
areas to prevent the danger of reinfestation. The adulis of Dacus, as
already stated, are found in the olive orchard throughout the year, During
winter and spring the insect is found mostly as pupae, in the goil, These
pupae, with the rise of the temperature during spring up t¢ May, produce
adults that start the initial population that will attack the new crop
{Pelekassis {1960))., The new crop begins In most clive-producing districis
of the Mediterranean from June onwards.

As to the migration of D. oleae, Lupo (1943) considered that the
insect makes two gseasonal migrationg, The first, in June-July towards
the mountain regions, and the second, in SBeptember-October to the plains,
The migration of Dacus has been generally agreed. Pelekassis et al,
(1962) noted movement of Dacus during October from a mountain to a plain
olive orchard, over a distance of about 4000 m. Orphanidis et al. (1862)
recorded a dispersal of Dacus within & distance of 2000 m in January.

In the same season (December) of the year, Baldwin et 21. (1967) observed
a dispersal of Dacus of no more than 150 m, perhaps because of adverse
climatic conditions,

STERILE-MALE TECHNIQUE

Knipling (1955) was the first to describe the potentials of the sterlie-
male technique for the eradication of the population of an insect. The
technique has already been successgfully applied in the eradication of
Calltroga hominivorax.

Steiner et al. (1962) applied the technique in an isolated area in Hawail
against Ceratitis capitata in an orchard containing a variety of deciduous
fruits and other hosts. They succeeded in reducing the population by 90%
during the period before the end of the releage and after it. Buf later the
population greatly increased, probably through migration of the insgeect
from other areas, The eradication of Dacus cucurbitae in the island of
Guam was completely successful (Steiner et al, (1965)).

Although experimental data on the efficacy of this method against Dacus
oleae, under laboratory conditions er on a small scale in the field, are
lmited, we should mention the work of Melis and Baccetti {1960) and
Manikas and Baldwin (1967). The latier, during the months October-
November, covered olve trees with cages and released sterile and normal
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adults in ratios of 4:1, 6:1 and 8:1, They noticed that during Jamiary the
infestation in the fruits of the control trees was about 80% (pupae), whereas
in trees where the sterile-to-normal ratio was 8:1 the infestation amounted
to 4%. According to them, a ratio of 8:1 and above is sufficient to eradicate
D, oleae. However, the above-mentioned workers did not take into con-
wideration the possibility of change in the population due io adult dispersal
or migration from neighbouring areas,

Among the assumptions made by Knipling (1955) about the successful
application of the sterile-male technique is that the sterile males {ir-
radiated by gamma rays or other methods) should not be lacking in the
ability to mate nor in their longevity, as compared with the normal males
of the natural population. With D, oleae, Tzanakakis (1967) did not find any
increased mortality of sterile maleg in comparigon with normal ones.
Thege sterile males were produced from pupae subjected to gamma rays
at dogesg of 6 - 12 krad., The same author showed that in the laboratory
in the case of matings between sterile males and normal females or normal
males and normal females, the male was able to mate with at least 2 females
during a peried of 7 days, even when the proportion was 1 male to 4 females,
Fytizas (1969) observed that the male mates almost every day in the course
of a month. Tzanakakig and Tsiropoulos (1869, unpublished data) found that
several irradiated and normal males could maté normally every day for
30 consecutive days if in the cage where the male was maintained one virgin
fernale was added daily and removed after mating.

As to the female, Zouros and Krimbas (1869) proved that in the na-
tural population it is not polygamous, bigamous matings amounting to
only 10%. On the basis of Tzanakakis' data, males emerging from pupae
irradiated at a late stagé by 8000-rad gamma rays showed a mating
ability and competitiveness not inferior to normal males., From these
facts it would seem that the method will be efficacious for I, oleae,

This assumes that the artificial rearing methods developed by Moocre
(1859), Hagen et al. {1963}, Santas (1965), Tzanakakis and Economopoulos
{1267) and Rey {1969} will be applied on a mass-production scate. There is
in addition a need for knowledge of the adaptation of the artificially pro-
duced population under field conditicons.

Steiner et al. (1965) have successfully applied the gterile-male tech-
nique against the related species, Dacus cutcurbitae.

For the application of the sterile-male technique in olive orchards,
we should require additional knowledge of the following ecological aspects:

(a} Meang of estimation of the D. oleze population in the clive archard.
In contrast to the other Dacus species there has not been found so far a
powerful attractant that would indicate the level of population in the olive
orchard. However, McPhail traps baited with protein or ammonium solu-
tions are somewhatl attractive to both sexes of D, oleae. These traps are
currently used in Greece to give indications about Dacus population in olive
orchards, They are guitable for indicating population dengity and fluctuation.

(b} The behaviour of sterile adults in the olive orchard and thelr sur-
vival during summer and autumn,

(¢} The longevity of the released sterile adults, enabling one to decide
on the proper time for the population release. In our opinion this should
take place during the periods when the normal population ie found at low
levels {a period up to the beginning of September for most olive orchards
in Greece),
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{d} Whether the Dacus migration from certaln olive orchards into

others takes place In bulk or whether the population dispersal happens in
various directions.

CHEMOSTERILIZATION

A. Effect of tepa on adults

According to the amount administered, it has been found that tepa
can cauge

(a) The death of adults of both sexes

(b) Cytotoxic damage on ovaries and on testes

{c) Genetic effects on cocyies and spermatocytes,
On the other hand, it has no effect on;

{a} Male vigour

(by Oviposition of mature eggs.

B. Rate of effect

We have Investigated the rate of effect after itz absorption inio the
ingect' s body, and note the following :
{(a) Cylotoxic activity has been observed 24 hours after application.
(b} Genetic effects were observed 2 to 10 hours after appHeation,
{c} It was Iimpossible to determine the exact time required for
chemosterilizing the maleg.

C. The persistence of chemogierilization

The persistence of gierilization in females depends on the doses of
tepa administered, whereas in the males the duration depends alsc on the
age and on the physiolagical condition, This difference is due to the fact
that in D. oleae females the development in each egg tube iz independent
and continuous while in males the development of spermatocyies is syn-
chronous and gradual.

D. Oligospermia and agpermia

The number of spermatocytes affected and the degree of damage to
each depends on the quantity of tepa administered, as well as on the degree
of sengitivity of the spermatocytes at the time of administration, The
effects are as follows:

{a)} Genetic effects

(b) Oligospermia

(c) Aspermia.

Seeing that the males of Dacus are polygamous (virtually one mating
per day during their sexual ]ife), the oligospermia and aspermis are serious
disadvantages in the use of chemosterilization {few or no spermatozea
¢jaculated into spermatothecae during mating and consequently no com-
petitiveness with the normal spermatozoa iftireduced in the spermatotheca
of the same fermale from the former mating with the normal male),
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However, the seminal fluid lacking spermatozoa can cause unreceptive-
ness of the female in the following mating. In this cage {inhibition of new
mating) the seminal fluid cannot he considered ugeless,

Accumulation of effects on male

Repeated administration of non-sterilization or low-sterilization doses
causes high sterility, higher than that induced by the sum of these doses
applied once. The accumulated effects depend first on the number of

doses and second on the time interval between doges,

E. 'Safety factor

The safety factor between lethal and sterile doses is satisfactorily
high, being X 50,

For the females the cytotoxic effects as well as the genetic effects
are considered to constifute sterilization, For the males, only the genetic
effects are considered as sterilization. The cytotoxic effects on the testes
resulting in cligospermia and aspermia are as harmful for the application
of the chemosterilization technique as lethal action. So it is necessary to
determine a safety factor between the doses causing eytotoxic effects and
those causing genetic effects. The permanent sterilization of the sperm is
induced by approximately the same tepa doses as cause the destruction of
the testes.

Fytizas and Tzanakakis (1966) have stated that if is possible to re-
duce the progeny of the natural population by the use of an antibictic
included in bait sprays applied in olive orchards. This statement has
been based on their experiments in which by adding 0, 25% streptomyein
to the adult diet for only one day, they prevented the development of the
larvae from eggs deposited in olive frult for a period of 18 days., The
streptomycin was given from the 4th day onwards.

To sum up: relatively little is known on the ecology of this insect
under varying ecological conditions, and this aspect should be studied
more profoundly in all olive-oil-proeducing countries of the Mediterranean
area. However, on the basis of current Imowledge, especially on the be-
haviour of sterile adulis {produced either by irradiation or chemosteriliza-
tion), the sterile-male technigue is worthy of consideration for the possible
eradication or elimination of D. oleae from isolated areas.
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NOTE ON WORK ON THE OLIVE FLY AT ISFRA
R. Cavalloro

Euratom Jeint Nuclear Research Center,

Ispra, Iraly

Recent research on the autocidal control of fruit flies conducted in
Izpra has included work on the olive fly, Dacus pleae (Gmelin).
Emphasis has heen placed on the development of economical mass-
rearing techniques.

Two lines of work have been pursued recently: the development of
a new type of cage for adults, made entirely of screen material (it was
observed that the females freely drop their eggs without the stimulus
of a solid substrate) and the preparation of artificial diets for the
larvae, with ground cornstalks as basic ingredilent,

The cages, 20 cm long, 20 e¢m wide and 25 cm high, are made of
nylon screen (less than 1 mm square mesh)., Each one houses 100 couples
of Dacus, which gives them enough freedom of movement, an important
point for this species, and Improves survival as a result of betier
aeration and more diffuse illumination. After 2 weeks the males are
removed and replaced by the same number of fecund females. The
insects remain in the cage until egg production decreases considerably,
i.e. another 6 weeks.

A solid diet has been developed for the adulis, consisting of 4 parts
sucrose, 2 paris 'de-bitlered' beer yeast and 1 part enzymatic hydro-
lysaie of beer yeast. This mixture is not subject to decay and it is
readily eaten by the insecis. It gives good results as shown by the data
and curves on egg production,

This rather spongy diet can be given through the wall of the cage.
Water is supplied similarly by means of a filter paper wetted by a
cotton wick placed in a small water bottle found outside the cage.

The eggs are collected by filtering the water into which they fall,
then placed on a thin layer of diet at the rate of 4000 ¢ggs per kg
and covered by the same,

The search for the best larval diet continues, but promising re-
sults have already been obtained. So far the best low-cost formula is
composed of ground cornstalks to which various nutrients, emulsifiers
and preservatives have been added. On a dry weight basis, this diet
contains 25-30% carbohydrates, 20-25% proteins and 10-15% lipids. Its
pH ranges from 4.3 to 4.5.

The adults placed in the cages described earlier are obtained from
pupae selecied for homogeneous size. These are placed in single layers
in opaque boxes containing a small amount of sawdust or sand to offer
the ingect a stable substrate at the time of emergence and shortly
thereafter, These boxes are provided with a small circular opening
leading to a fransparent test tube where the adulis congregate as they
emerge from the pupae.

The right conditions of termmperature, reélative humidity, photo-
peried and asepsy must be maintained for the adults.

Work on Dacus is concerned also with such matters as: fertility
of the succesgive generations reared on artificial diets, in relation to
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the presence of colloidal substances covering the egg at the time of
ovideposition; the role of extracellular symbiotic bacteria; the eifect
of atmospheric pressure,

LATEST INVESTIGATIONS ON THE OLIVE FLY
1. Rey

Instituto Espaiiol de Eatomologfa,

Madrid, Spain

Physiology

A common characteriagtic of all the media so far developed for the
rearing of Pacus oleae (Gmelin} larvae is their toxicity for the eggs
before the embryonic development. The causes of the mortality could
be either the toxicity of some chemicals used in the composition of the
diets, or their physico-chemical properties. Among the latter properties,
we have gtarted with the study of the effect of the osmotic pressure.
Parallel assays of several concentrations of NaCl (a totally dissociated
electrolyte) and glucose (a non-electrolyte) weére carried out.

As Fig.l shows, NaCl at a concentration of 4%, equivalent to an
osmotic pressure of 31.75 atm, gave a 100% egg mortality, while
glucose even at a concentration of 56%, equivalent to an osmotic pres-
sure of 75.96 atm, gave a hatching of 74.28%, similar to that in the
distilled water control, which was 76.85%. This difference is not
significant at the 0.95 probability level. The resulls show that the
osmotic pressure by itself does not affect egg development. However,
the eggs are affected by the ions of the salt used, whether it is the
cation Na¥ or the anion Cl- (Mufiiz).

Rearing

Adult feeding and drinking

The Hagen et al. (1963) diet for adulis has been slightly modified,
20% of the water being substituted by glycerine. The adult {ood is thus
kept in a fluid state for a period of three weeks, at 60% r.h. This
mixture is put on the wire screen of the cages in the form of droplets
applied with a special dispenser (Tzanakakis), which saves time in the
mainterance of the flies.

We tried to supply the water from outside by means of a cotton
wick, but it very often dries up and the device does not seem very
promising. At the moment we are experimenting with the wick inside
a polyethylene fubing.

Egging

The Hagen et al. {1963) paraffin domes have been replaced by a
new device, as a result of some of Prokopy' s findings. The cover of
a disposable plastic 9-cm.-dia. Petri dish is roughened and 7 holes of
15 mm dia. are made in it. Small domes of a very soft and low-
melting-point ceresin are fixed and sealed on these holes. The small
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domes are easily made in the usual way by plunging an assay tube of
14 mm dia. into a light soap solution and then dipping them first into
the hot ceresin and finally into cold water. The ceresin is dyed with
a black liposoluble tint. The bottom of the Petri dish is filled with
water to a depth of 2 or 3 mm.

Although we have not quantitative data as yet, observations show
that the flies will lay more eggs than with the bigger, white domes,
The device can be used twenty or more times, but it takes longer to
prepare; aliogether it constitutes a saving of time in the handling of the

eggs.
Rearing of larvae

Under a research contract with the TAEA a larval diet was developed
for the artificial rearing of the olive fly. The constitution of the diet
is shown under Diet 1-A-V-18 in Table 1,

The total price of 1 kg is 9.45 pts (0.14 US$). With a production of
about 450 pupae per kg, the cost per pupa will be 0.02 pts or 285 US §
a million; this figure includes only the cost of the ingredients. The
gize of flies and yield of pupae are similar t¢ those from more ex-
pensive diets, Although the diet represents a very important improvement
over others reported to date, ii is still too expensive when one considers
its relatively poor production.

Lately the diet has been changed (see under Diet 1-5-V-3 in Table I)
by reducing the amount of brewer's yeast to 7.5% and substituting the
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eucalypius paper pulp by corn cob powder (Cavalloro). This powder
gives a better siructure te the medium and it fakes on a 'hulkier' aspect.
The yields obtained with this diet were §2% + 10.3 (mean of 21 replicates)
versus 55.2% + 9.7 (mean of 7 replicates) in Diet 1-A-V-18, In both
caszes 80 neonate larvae were sown in 100 g of medium.

The price of 1 kg of the revised diet is 7.44 pts (0.11 US3). With
a production of about 500 pupae per kg, the cost per pupa will be 0.015 pis
or 215 US$ a million. So far this diet has the disadvantage that there is
a higher chance of infestation by moulda.

Any attempt to eliminate the olive oil in both diets has given poorer
vields: 40.1% in the first case and 37,9% in the second. The substitution
of Barcia's yeast by Toruiopsis utilis, a yeast grown on 'alpechin'
with a price one half that of Barcia's, is giving promising results {Rey).

Ecology

The possible overwintering places of the olive fly have been studied
in Spanish areas with a Mediterranean continental climate. The investiga-
tions were carried oui at Arganda, near Madrid, in an ¢live grove whose
fruits were not harvested. During the winter of 1968 and spring of 1968,
olive fruits were picked up at intervals of about 15 days. Some of them
were digssected to assess the percentage of larvae and pupae and others
were left in covered trays to see the number of pupae emerging from
the fruits. At the end of March, traps with ammonium phosphate were
placed in the grove to estimate the presence of adults, The results show
that Dacus oleae can overwinter in the central plateau of the Peninsula,
mainly at the pupal stage (Templado and Murillo).

CURRENT CHERRY FRUIT FLY RESEARCH
E.F. Boller

Fruit Fly Laboratory,

Swiss Federal Research Station for
Arboriculture, Viticulture and Horticulture,
Waidenswil, Switzerland

1. General rermarks

In 1962 our research siation started its third period of research on
Rhagoletis ceragi L. The first period (1930 - 1944; Dr. R. Wiesmann)
covered general biclogy and behaviour of the pest and the second (1949 -
1958; Dr. W. Vogel) the application of chemical control methods. The
emphasis of the present research effort is put on ecological studies
(life tables) in connection with the application of autocidzsl and integrated
control methods.

The strategy of the future control of the cherry fruit fly was
formulated in 1968 and published in 1969. I was decided to carry out
the necessary research for the application of the sterile-insect technique
in suitable regions where mainly table-cherries and cherries for the
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canneries are produced {low economic threshold of the pest population)
and to search for integrated conirol methods in areas producing cherries
for distillation (moderate infestations io be tolerated).

Research in connection with the application of the sterile-insect
technique (rearing, chemosterilization, trapping systems and dispersion
studies) was only started in 1866, whereas the integrated control has
been the objective of our ecological studies since 1862,

2. Laboratory investigations

2.1. Rearing methods for the cherry fruif fly

2.1.1. Egg production. The lack of a suitable artificial oviposition
device was the main obstacle to any successful rearing attempts up to
1465. Now we have developed a suitable method for the mass production
of eggs (hollow hemispheres made of a special wax which allow an
average production of about 280 eggs per female with a hatch-rate of
91%). The design of an automatic egg-collecting device is in progress.

2.1.2. Larval diets. Some 120 different diets have been tested,
Two of them allowed the development of pupae. The main problem to be
solved is the physical condition of the diet {texture, humidity). The use
of Gelgard {a water thickener; Dow Chemical Corp.) looks promising.

2.2, Sterilization

Preliminary tests with the chemosterilants tepa, apholate and
hempa have been carried out with the North-American species
R. cingulata and have to be repeated with R. cerasi. Experiments with
radiation will be carried out in due course.

2.3. Olfaction

A screening program for potential attractants (foed and sex attrac-
tants} was initiated early in 1969. The tests are done in a new type of
olfactometer developed in 1868 (co-operating agencies: USDA Beltsville;
B.C. Research Council, Canada).

2.4. Serological studies

Suitable techniques for the application of precipitin tests (recogni-
tion of predators of fruit fly pupae) are studied in the context of an IBP
project about pupal mortality factors of fruit flies. Similar studies will
deal with the application of radiotracers and radiographic methods.

2.5. Physiological and behavioural studies

The mechanism of diapause initiation must be known and methods for
preventing pupal diapause have to be found in the near future in order
to establish a continuous rearing program. Behavioural studies in
connection with the quality control {sterilized vs. normal flies), the
improvement of the general rearing conditions (light intensities and
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qualities, oviposition behavicur, etc.) and a future release of sterile
flies {colour preferences for {rap design, host finding, etc.) have been
carried out or are still in progress.

3. Field investigations

3.1, Population dynamics of the pest

Preliminary life tables showed the importance of predators and the
metearological conditions during the oviposition period for the popula-
tion dynamics of the pest. This Iong-term study will be continued. The
qualitative study is inthe process of heing changed into a quantitative
investigation in order to subject the field data to statistical analysis.
We hope that Canadian computer programs can be modified and applied
for our problems. Of special interest is the effect of the manipulation
of the pupal parasite Phygadeuon wiesmanni on the population dynamics
of the pest.

3.2. Dispersion studies

A release of some 4000 marked flies in an experimental cherry
orchard (25 ha, ca. 900 cherry trees) was performed in June 1969 in
order to study the fiight range, the period of maximum flight and the
type of plants preferred by the flies in relation o their physiological
state. Although the data have not been analysed yet there are strong
indications that the cherry fruit fly rarely migrates more than 400 m
and does usually stay within 200 m from the place of origin. In addition
we could catch the flies in about equal numbers on apple trees, hedges
and cherry trees during the pre-oviposition period. This experiment
was performed with flies marked with fluorescent powder and some
350 newly designed traps (yellow sticky boards) placed on concentric
circles with radii of 50, 100, 200, 300, 400, 500 and 600 m. The
largest distance covered by three flies was 500 m.

3.3. Testing new trap systems

The shape, colour and size of new traps were tested in 1968 along
with three different sticky materials. Although yellow spheres caught
by far the most flies we adopted a yellow rectangle (15 cm X 20 cm)
ceoated with Bird tangle-foot as standard trap that was 200 times more
efficient than the normal McPhail-trap with 4% ammonium-carbonate.
Further research will be carried out concerning the combination of
this visual trap with new atfractants and applying the sticky material
on disposable plastic foils.

The unexpected efficiency of these traps raised the question whether
they could be used as a direct control method, We plan field experi-
ments of this kind next year.

4. Co-operation with international organizations

This laboratory is co-ordinating an IBP project concerning pupal
mortality factors of fruit flies of economic importance and pariicipates
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in another IBP project concerning olfactory investigations. In addition,

it is one of the three European laboratories which are in the process of
establishing a working group on the application of autocidal methods
against the cherry fruit fly in the framework of the O.I.L.B. (Organisation
internationale de luite biologique).

RESEARCH ON THE CARIBBEAN FRUIT FLY AT THE UNIVERSITY OF FLORIDA
W.G. Eden

Department of Entomology and Nematology,

University of Florida, United States of America

Although Anastrepha suspensa {Loew) has been found, primarily
as adults in the regular fruit fly surveillance program in Florida from
time to time since 1931, it was in 1965 that i appeared in large numbers
and began to cause concern among fruit growers. Since 1865 considerable
resources have heen devoted to invesiigations in Florida on A. suspensa
{caribfly). A great deal of the work has been co-operatively done by:
the Entomology Research Division, U.S.D.A.; Plant Pegt Control Division,
11.8.D.4A,; Division of Plant Industry, Florida Department of Agriculture;
entomologists of the University of Florida; and indusiry.

Hosis

The caribfly is known to attack over 50 kinds of fruit that are grown
in Florida. The preferred hosts are guava, Surinam cherry, peach,
rose apple, and tropical almond. Other important ones are grapefruit,
bell pepper, tomato, avecada, and mango.

Biology

Although mature and overripe fruit is usually attacked, flies will
deposit eggs in green fruit. Eggs are deposited singly into the flesh of
fruit, usually just under the surface. The eggs bhaich in 2-3 days and
the larvae feed in the fleshy part of the fruit for 8-9 days. The fruit
usually falls to the ground by the time the larvae have matured. Larvae
emerge from the fruit and pupate under the soil surface. Adults emerge
12-15 days later. Females begin to lay eggs after 7 days.

Control with Insecticides

Aerial applications of malathion, with and without baits, have been
conducted in Florida. Malathion is highly effective in reducing adult
populations, and if weekly applications are continued throughout the
time required for a life cycle, the caribfly can be very effectively
suppressed. In small, single-tree experiments we have had promising
results in heavily infested areas with malathion, Sevin, and Dylox.
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Mass Rearing

A culiure of caribflies at our Branch Station near Miami is now
in ite 13th or 14th generation. Larvae were originally reared in a de-
hydrated carrot medium frequenily used for other fruit flies. We are
at present successfully using a dehydrated sugar cane bagasse-citrus
pulp medium that is as good as the carrot medium and Is considerably
cheaper. Additional studies on nutrition and physiclogy are underway.
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GENERAL RECOMMENDATIONS

It is the opinion of the panel that fruit flies remain a major, if not
the greatest, pest of cultivated fruits throughout the world. Within the
past 18 months the technical feasibility of the sterile-inseect release
method for the control of fruit flies has been proven on a modest scale
in several different locations in the world (Nicaragua, Italy and Spain:
the Mediterranean fruit fly, Ceralifis capitata (Wiedemann): Guam:
the oriental fruit fly, Dacus dorsalis Hendel; Mexico: the Mexican fruit
fly, Anastrepha ludens (Loew)). The success in all these experimenis
suggests that control or eradication of fruit flies by this method is
feasible on a much larger scale. However, successful large-scale
experiments {1000 km2 or 400 square miles) are essential before the
method can be applied on a practical basis,

At the present time major emphasis is being placed on Mediterranean
fruit fly research by national and international organizations. The largest
international investment! in research and development (facilities and
experience) on this fly is in Central America. The group recommends
that timely advantage should be taken of these factors and that a large
eradication experiment along the lines proposed in the general plan
shown in Annex A should be initiated as soon as possible. Apart from
MNicaragua, possible sites for such an experiment include Feru, Tunisla
and Spain.

International research on the application of the sterile-insect release
method for fruit fly eradication or control should be intensified. The
objectives of this research should be to develop the necessary methodology
and to solve operational difficulties in ordexr that the method will be available
to all groups interested in combating fruit flies.

After the successful completion of large-scale experiments (1000 km?)
on selected species, national and regional organizations should be encour-
aged to eradicate or suppress these species in their areas, usingthe sterile-
insect release method. International support should be made available.

The previous tests of the method involved overflooding isolated or
semi-isolated populations with sterile fiies. It .is important that the
feagibility of the method be demonstrated for a progressive campaign,
requiring releases over serial portions of the entire infested area. Also,
the feasibility of suppressing a portion of an extensive population to obtain
economic control needs to be evaluated, integrating the sterile-insect
releage method with chemical, biological, or cultural control.

Accurate methods of measuring population size and dengity and the
knowledge of biotic potential of fruit flies are needed to provide logistic
estimates. The program proposed in Annex A will not provide for
the development of these methods but if they are developed elsewhere,
they should be incorporated in large programs.

! DIRSA ~ Organismo Internacional Regional de Sanidad Agropecuaria
{Crwta Rica, El Salvador, Guaternala, Honduras, Mexico, Micaragna, Panama}
IAEA - International Atomic Energy Agency
FAQ -~ Food and Agdeulture Organization of the United Nations
UNDP - United Nations Develepment Pregramme
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The panel wizhes to emphasize the need for studies of the basic
biclogy, physiclogy and ecology of fruit flies and that such information is
vital to successful application of the sterile-insecti release method. It
is recommended that such research be supported by national, regional
and international groups.

National and regional organizations should be encouraged to adopt T
the methods and approaches developed by international organizations,
thereby allowing the international groups to shift emphasis to insect pests
where the techniques are less developed.

The panel recommends that one or more International Fruit Fly -
Research and Training Centres (preferably on a regional basis) be estab-
lished. The cenires would conduct research on the application of the
sterile-insect iechnique for eradication or control of fruit flies of major
economic importance and provide continuing training facilities for qualified
workers interested in adopting this technique. Further, the panel wishes
to emphasize that fruit fly ecology should be stressed at these centres.

In addition, the centres should serve to co-ordinate and assemble informa-
tion on fruit fly distribution and estimates of damage (potential and actual),
and to determine the feasibility and methodology of the sterile-insect
release method for control or eradication on a regional basis. The group
recommends that financing organizations, such as UNDP, World Bank,

ete. be approached concerning the establishment of these centres.

The panel notes the progress achieved through the FAQ/IAEA Research
Cocrdination Program on Fruit Flies and recommends the expansion of /i " g
this program as funds become available. The exchange of information
and ideas, and the co-ordination of national and international research
will be of great value in developing the sterile-insect release method
for fruit fiy eradication or control.

The panel notes the importance of effective quarantine as a necessary
factor in a fruit fly eradication program and recommends that effective
guarantine procedures be established and strictly enforced in any such
program.

The panel took note of the excellent publications of the FAO/IAEA
relating to the sterile-insect release method. However, it also observed
that these publications were unknown to many entomologists and recom-
mended that FAQ and IAE A seek ways of making these publications more
widely known, e.g. by suitable announcementis in the FAQO Plant Protection
Bulletin and other scientific journals,

.

SPECIFIC RECOMMENDATIONS

Mediterranean fruit fiy, Ceratitis capitata (Wiedemann}

Suppression of Mediterranean fruit fly population using the sterile-
insect release method has been successfully demonstrated in three
independent experiments, carried out in Central America, Italy and
Spain during the last 18 months. These demonstrations involved small,
gsemi-isolated areas lacking effective plant quarantine services. Apart
from these experiments, additional work has been, and is being, carried
out in other couniries with encouraging resulis.
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There are no serious impediments to the operation of a major
eradication campaign for this insect. However, in the interest of increas-
ing the efficiency and optimizing the chance for success of this technique
it would be desirable tc have additional information on the points listed
in Annex B.

It is recommended that:

{a) Research work on the subjects mentioned in Annex B should
be encouraged and supported by national, regional and inter-
national organizations.

(b} It is further recommended that the FAQ/IAE A Joint Division
and other international bodies give priority to paragraphs 1
through 5 in Annex B, whereas the other paragraphs could be
more appropriately dealt with by national andfor regional
organizations.

(c) Close co-ordination should exist between all organizations engaged
ininvestigation of thepriorities stipulated.

Olive fly, Dacus gleae (Gmelin)

Considerable data are available at present; however, more are required
before implementing large-scale control andfor eradication programs,
Thorough laboratory evaluation followed by small-scale field tests {of
several square kilometres)of the sterile-insect release method should
be conducted immediately to determine the areas of research that require
further investigation. However, on the basis of present knowledge it is -
recommended that much of the information listed in Annex B should he '
derived as soon as possible, especially the diet improvement and nutritional
studies and the chemical and physical attractants.

The Anastrepha species

Ameng the genus Anastrepha, perhaps the most important species
causing economiec damage are ludens, fraterculus, suspensa, mombim-
praeoptans, striata and gerpentina. Of this group only A. ludens (Loew)
(Mexican fruit fly) has been investigated sufficiently to permit considera-
tion of the sterile-insect release method.

At present sterile Mexican fruit flies are being used to control wild
fly populations at the Mexico-California border in Tijuana, Mexico.
Recently sterile flies have been released in La Paz, Baja California,
in an attempt to eradicate an incipient fruit ily population. However,
because of the apparently transitory nature of wild fly populations in
these areas, the effect of sterile flies cannot be accurately measured,
Also, it is not known if environmental conditions would permit a self-
sustaining wild population to exist.

Because of these undetermined factors, it is recommended that an
eradication experiment be conducted in an isolated area of about 1000 km?2
(400 square miles) with an established wild fly population, to give a
pesitive demonstration of the sterile-insect release method with A. ludens.
In suchatest more efficient mass-rearing methods and fly-release
techniques ceuld be developed. If successful, this test could perhaps
lead to the eventual elimination of this ingect pest from North-eastern
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Mexico. This could be of econemic henefit io Mexican fruit production
because costly fumigation of export fruit would no longer be required and
the quality and quantity of fruits would be improved.

It is believed that investigations with A. fraterculus in mass-rearing
and sterilization techniques are reaching the point at which limited field
experiments can be initiated, taking advantage of the completely isolated
vallays of Peru.

A. suspensa is now under investigation in the USA. I is hoped that
it will be eradicated by the sterile-insect release method. it is therefore
recommended that other countries where this species exists initiate basic
studies in ecology and biology.

No basic studies with regard to the sterile-insect release method
have been carried out with A. mombimpraeoptans, A. serpentina, and
A. striata. These should be undertaken once the method has been
tested on a large scale for the more important species.

It is recommended that, once the feasibility of eradication of any
Anastrepha spp. is proven, more information should be cbtained on
aspects as outlined in Annex B.

Dacus species, D. dorsalis, B. cucurbitae and D. tryoni

With all three species, methods of rearing and trapping, irradiation-
sterility data and chemical control measures are available. The feasi-
bility of population suppressicn by the sterile-insect releage method
has been demonstrated.

With respect to D. dorsalis and D. cucurbitae in the western
Pacific region and in South-East Asia, the data menticned in Annex B
are urgently needed. The status of current control practices should
also be reviewed in the areas where these species are important.

Therefore it is recommended that:

{a) The data for D. dorsalis and D. cucurbitae meniioned in
Annex B be accumulated.

(b} On the basis of this information, research relevant to the sterile-
insect release method for control of D). dorgalis and D. cucurbitae
should be encouraged both to provide infoermation and to generate
interest in this field. ,

(¢} Contact with workers on D. iryoni should be maintained and, if
necessary, strengthened.

The European Cherry Fruit Fly, Rhapgoletis cerasi L.

Background

{1) The European cherry fruit fly is of great economic importance
because the species is widespread in Central Europe, attacking a high
percentage of fruit if no control measures are applied.

(2) The pest attacks the crop shortly before harvest time, rendering
chemical control very difficult.

{3) Although chemical control of the cherry fruit fly is effective
there is the danger of undesirable pesticide residues due to the need of
spraying close to harvest time and the danger of developing pesticide
resistance.
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Feasibility of the sterile-insect release method for R.cerasi

{1) The topographical situation in Central Europe is most favourable
for this type of control {natural island situations due to mountains and
forests). Experimental areas of all sizes are available.

(2) The population fluctyations of R. cerasi show generally 4-5
year periods of high population density, followed by about equal periods
of extremely low population densities. This phenomenon apparently can
be observed in the whole Central European area at about the same time.

(3) The pupal diapause could be used for rearing the fly on a 52-week
basis and the pupal material could be accumulated until used during 2-4
weeks each year., Thus relatively small rearing facilities would be
required.

(4) The shert flight range of R. cerasi (average 100-200 m) is
another advantage in regard to reinfestation.

(5) AL of these factors indicate that this species has unique advantages
for the development and application of the sterile-insect reiease method.

Recommendations
It is recommended that:

(a) That Joint FAQ/IAE A Division should stimulate research in the
sterile-insect release method for this species and attempt a
co-ordindtion of research between interested laboratories,
establishing research coniracts and agreements. Provisions
should be made for a continuous flow of information between
workers on this species and specialistg working on other fruit
fly species.

(b) More ecological infermation is required. More demographic
field studies should be undertaken in order to provide the
necessary data for a thorough evaluation of this method of insect
control and its eventual integration with other control methods.
Data listed in Annex B should be derived as the sterile-insect
release method for control or eradication of R. cerasi progresses.

ANNEX A

PROPOSED EXPERIMENT TO ERADICATE THE MEDITERRANEAN
FRUIT FLY BY THE STERILE-MALE TECHNIQUE FROM NICARAGUA

I. INTRODUCTION

1. During the past few years it has been shown that the sterile-male
technique, either alone or as part of an integrated program with insecti-
cides, can be utilized {o eradicate the Mediterranean fruit fly, Ceratitis
capitata (Wiedemann). However, no large-scale eradication experiment
hag been carried out, primarily because of the high cost.

2. The medfly was introduced into Central America before 1955.
Since ite discovery in Costa Rica in 1955 it has spread throughout Costa
Rica, southern Nicaragua, and western Panama. TUnless it is eradicated,
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there is no doubt that it will eventually spread throughout Panama, as
well as northward into other Central American countries, Mexico, and the
USA, resulting in tremendous economic losses.

II. RECOMMENDATIONS

3. It is recommended that a large-scale medfly eradication experi-

ment be conducted, in Nicaragua, for the following reasons:

(a) The medfly-infested area of Nicaragua is well isolated geogra-
phically (a2 minimum of quarantine procedures would be necessary
to prevent reinfestation from the south {Costa Rica)), and no
known infestation exists north of Nicaragua;

(b} If successful, the northward spread of the medfly would be stopped;

(c) Data from the active program (funded under UNDP(SF) and executed
by the IAEA) carried out in Central America to develop the sterile-
male technique for medfly eradication support the conclusion that
the medfly can be eradicated in Central America, using this
technique.

It is further recommended that the medflies required for this experiment
be reared and sterilized in Costa Rica and subsequently air-shipped to
Nicaragua, thus avoiding the expense of construeting & medfly escape-
proof rearing plant in Nicaragua.

III. OBJECTIVES

4. The objectives of the proposed large-scale experiment would be to:

{a) Develop and demonstrate procedures for medfly eradication by a
sterile-insect-release/insecticide-application integrated program
for use in developing countries;

{b} Establish a realistic cost basis for medfly eradication using the
sterile-male technique plus insecticides;

{c) Stop the northward spread of the medily;

(d} Conduct research to further improve the effectiveness and
economy of the sterile-male technique for medfly eradication.

IV. GENERAL OUTLINE OF THE PROPOSED EXPERIMENT

5. Although the actual size of the medfly infested area in Nicaragua
is not known, estimates range from about 1300 to 4000 km? (the latter
figure should be used until it is proven incorrect). Nearly all the infested
terrain is mountainous; thus the actual area, based on row feet of crops,
may be congiderably larger than estimated. Coffee is by far the predominant
host plant; lLittle citrus of commercial value is grown. The primary
medfly hosts, other than coffee, include sweet oranges, mandarines,
grapefruit, and several wild hosts.

6. Before the project operations are actually initiated the following
should be completed:

{a} Plan of all details, objectives, and target dates, using the PERT

system;



(b)

(c}

(d4)

(e}
(1)
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Construction plans for a completely new medfly rearing plant with
a capacity of 500 million flies/week (a consultant with experience
in designing similar facilities should be smployed for this};
Purchase or lease of land for the location of the plant fo be
construcied not less than 11 km from the San José, Costa Rica
airport;
Hire of the following professional staff:
(i} The project manager;
{il) A rearing supervisor;
{iii) An ecologist/biometrician;
(iv) An aerial release supervisor;
(v} A survey/assessment/quarantine supervisor;
and the following non-professional staff:
(vi) An administrative aid:
{vii) A secretary;
{viii) Several laboratory technicians, particularly for the
rearing plant;
Preparation of the list of equipment and supplies required for
the first year of operation { PERT input data);
Obtaining of suitable office and laboratory facilities in or near
Managua, Nicaragua, for project headquarters.

7. Firgt year:

(a)

{b)
(<)
{(d)

(e)
(f)
(g)
8.
(a)
{b)
{c)
{d)

(e)
(£

Construct and equip a new, 500 million/week-capacity medfly
rearing plant in San José, Costa Rica; plant to be partially fly
egcape~proof:

Conduct an intensive medfly population survey in Nicaragua to
delineate the actual infested area (trapping operation);

Conduct field cage tests to evaluate the optimum radiation steriliza-
tion: dose;

Conduct research to develop a better and cheaper method for the
aerial release of sterile flies, an adequate method of insecticide
application for medfly population suppression and a satisfactory
guidance system for release and insecticide application aireraft;
Develop trapping and asgessment techniques for relatively
inaccessible areas {investigate the use of helicopters);

Develop an absolute method of marking sterile flies;

Eliminate medfly infestations in Jinctega, Corinto, and in other
isolated locations {if any) north of Managua using insecticides
and sterile flies.

Second year:

Inerease the production of medflies to the maximum rearing plant
capacity;

Apply insecticide to reduce medfly populations in the northern
part of the infested area, that is, in areas of high infestation;
Initiate releases of sterile medflies in the northern part of the
infesied area, at appropriate time intervals following insecticide
applications; .

Establish quarantine procedures at the Nicaragua-Cosata Rica border;
Continue the survey (see para.7b above):

Finalize the guldance system for the aerial release of sterile
insects and the application of insecticide sprays.
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8. Third year:

(a) Release sterile flies over the entire infested area following
insecticide applications, if needed;

(b) Regularly assess the effectiveness of procedures, develep
necessary refinements and determine project achievements;

{¢) Continue survey and quarantine operations.

1¢. Fourth year:

{a) Coniinue survey and quarantine operations;

{b) Continue assessment procedures;

{e) Carry out clean-up operations.

V. DESCRIPTION OF SPFECIFIC ACTIVITIES
A, Survey

11. The medfly population survey to be conducted during the first
year of the project should be made uiilizing disposable sticky traps and
not the more expensive plastic traps. The traps, baited with trimedlure,
would be serviced about every 2 weeks. The traps must be monitored
continuously over at least a six-month period (December through May),
but preferably over a ten-month period (October through July). Owing
to the inaccessibility of many areas {which may be infested), it is
important that traps be carefully located in known host areas. Further-
more, traps must be placed in all communities accessible by jeep.

Other high priority areas for trapping include (i) along the Ric San Juan,
from Lake Nicaragua to the Caribbean Sea, (ii) communities along the
Caribbean Sea, (iii) communities not aceessible by jeep but accessible by
horse, (iv) areas known previously to have been infested, e.g. Corinto
and Jinotega (these areas must be intensively trapped), (v) islands in
Lake Nicaragua and Lake Managua, and {vi) along all raiiroad tracks.
Traps can be located in areas accessible only by horse either by using

a small helicopter to drop large, well-marked sticky traps or by employ-
ing local residents (i.e. trappers on horseback) to operate these traps.

12. Trap densiiy is directly related, within limits, to the probability
of detecting a medfly infestation. It is suggested that about one trap per
km? be used in the 4000 km? area which could be infested. In other
areas, iraps should be located along roads, in communities, ete., as
described above.

B. Rearing plant

13. The rearing plant should be designed with the maximum amount
of automated equipment that can be adequately serviced. The provision of
an auxiliary power supply is mandatory; the installation of exhaust fans
for cooling and electric heaters from heating must be adequate to ensure
the maintenance of the correct ambient temperature. The equipment
should include automatic devices for egg collection and the separation
of pupae from the preparation media, and semi-automatic devices for
media separation, the packaging of pupae and irradiatien.

14. The partial fly escape-proofing of the plant should include:

(i} building construction foreseeing at least double- and preferably
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triple-stage enirance and exit doors, (ii) sealed windows, {iii) a sewage
system capable of handling huge amounts of spent media or a high tem-
perature room for killing all larvae and pupaé left in the media, (iv) one-
way traffic flow for all supplies — all expendable materials leaving the
plant, except for sterile flies, are to be heated to a temperature high
enough fo kill all medflies, irrespective of stage of development, should
they be on or in these materials, and (v) plant construction design per-
mitting absolute fly escape-proofing with minimum renovation.

15. The location of the rearing plant in San José, Costa Rica, must
be fairly close to the airport but not so close that escaped flies can
‘hitechhike' on aireraft. Therefore, the plant should be no closer than
11 km from the airport. Furthermore, severalmillion sterile flies should
be reieased weekly within a 3 km radius of the rearing plant.

16. A consultant experienced in the design of similar facilities
should be employed to design and oversee construction of this plant.
However, at least one entomologist experienced in medfly mass rearing
should work closely with the consultant.

C. Release system for sterile fliegl

17. The cost ($0.054 each) of the present release container, which
consists of a paper sack containing excelsior and a food wick, must be
reduced. More than 50% of this cost is for the excelsior. If the excelsior
cost can be reduced one-half, perhaps through the use of a cheaper but
adequate substitute, then the total cost of each release container could
be redunced by about 25%.

18. In the proposed experiment the release rate of sterile flies can
be lower than during the previous project: by using insecticides and sterile
flies it is anticipated that the release rate need only be 1000 sterile
flies/100 m, as compared to 5000/100 m of flight line, in the previous
project. Accordingly, it is expected that the release container can be
reduced to one-third of its present size; thus the C-47 payload could be
tripied, that is, from 2500 to 7500 containers per flight, Further, the
cost per container undoubiedly could be reduced to about $0.02. Thus,
to release 300 million sterile fliee per week would require 300000 con-
tainers costing an estimated $£000.

19. The release of free pupae {without any container}has shown
promise in preliminary experiments conducted in Hawaii and Costa
Rica. These studies indicate that the release of free pupae is about
25% to 40% as efficient as the release of adults in containers. The
release of free pupae rather than adult flies offers several advantages,
including: much lower container costs; the fact that far fewer personnel
and less equipment are required to package pupae; a much higher payload
for the release aircraft; the poseibility of using singie-engine airplanes
which cost much less to operate than C-47 aircraft ($ 25/h as compared to
3 100/h); and a rpore uniform distribution of the sterile insects. Dis-
advantages of the free pupae release method include the following points:
it is difficult to time the time interval between irradiation and release
(i.e. to ensure that flies do not emerge before or during release operations);

T Addftional data are given in the Appendix to thiz Asnex,
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pupae must be irradiated, whereas with the coniainer release system
gither pupae or adults can be irradiated if a '"foed" type irradiation source
is available; the number of effective sterile flies/unit area may be some-
what more variable because free pupae falling in non-shaded areas would
probably perish; and the number of flies to be reared would have to be
increased 2 or 3 times, thereby increasing the cost of plant operation.

D. Insecticide applications

20. Although considerable data are available on insecticide-bait
treatments for medfly control, additional information would be required
for the proposed experiment in Nicaragua, particularly in using the
ultra low volume method {foxicant plus bait without any carrier). Multi-
engine aircraft with auxiliary power for jet-assisied take-off probably
would be necessary because of the rough terrain and turbulent weather
conditions. The assistance of the USAF should be requested in this
regard. :

21. Other factors which should be evaluated include: (i) a comparison
between malathion plus bait and Lebaycid plus bait; (ii) the dosage of
toxicant required to realize 95-38% killing of adult medflies; (iii} the
optimum ratio of toxicant to balt; (iv) whether it is necessary to spray
the entire area or only every second or third swath; (v) the duration of
residual effectiveness of spray applications to determine maximum
allowable interval between applications; and (vi) guidance system develop-
ment, as discussed in section E below.

22. The overall objectives of the insecticide-bait applications would
be threefold: {i) to reduce the wild-fly population to a low level (fo about
1000 to 1500 wild flies/km?), where necessary,before or at the beginning
of the sterile-fly release operations in a given area; (ii) to knock out 'hot
spot! infestations once release of sterile flies has begun; and (iii) to
create a barrier between the present infesied area and sections of the
country further north,

23. It is estimated that an area of approximately 3500 km? will
require insecticide application.

E. Aerial guidance system

24. In an experiment such as this where precise dispersal of the
releaged insecis is of prime importancé, a reliable sysiem of guiding
the reléase aireraft is éssential: furthérmore, aircraft dispersing insecti-
cides must be accurately guided to ensure adequate spray paiterns. Sterile
flies should be releaged 75 m to 100 m above ground level {unless a better,
high-altitude release methed is developed) and spray aircraft should fly
about 30 m above ground level. The use of helium-filled balioons as a
guidance system may be feasible in certain areas; however, the sirong
winds, rough terrain and extensive shade tree cover grown over coifee
will dictate another method in most cases. Two alternatives appear
passibler (i) use ofthe 'Delta’ system of direct radio-gunidance, or
{ii} use of spotter aircraft to guide the release and spray plants. Since
the 'Delta’ system (which has been extensively used in the USA for large-
scale insecticide spraying on level terrain) depends on 'line-of-sight!
radio centact, the rough mountainous terrain in Nicaragua may make
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this system non-workable. 'Delta’ representatives, however, should
be contacted before rejecting the pessible use of this system. The

use of spotter aircraft in conjunction with a ground marking system, on
the other hand, may prove the more effective guidance system.

F. Marking of sterile flies

25, To evalunate accurately certain aspects of a sterile-insect .
release program, a reliable method of marking the released insects is
necessary. The present method of marking sterile medflies is based
on mixing the pupae with a fluorescent dye powder; when the adults
emerge they pick up sufficient dye, particularly in their ptilinum, te
distinguish them from unmarked flies. Unfortunately, only 95% to 99%
of the adults bécome marked by this method, whereas 100% marking
efficiency is desirable. Trapped marked flies are used to estimate the
ratic of sterile to wild flies and thus constitute the source of data for
special gtudies on longevity, flight distance, distribution patterns, ete,
During the initial phases of this experiment a concerted effort should
be made io develop a method of marking which is simple and 100%
effective; this should include attempts to improve on the present methods:
use of dyes in solution, incorporating dyes in the larval diet, and develop-
ing genetic markers.

VI. PROJECT STAFF

26. The staif employed for this experiment must be of high calibre,
well qualified, have a good understanding of the principles and problems
involved in the sterile-male technique, should have a good command of
or be willing to learn Spanish, and be willing to follow the direction of
the project manager. Also, it is sirongly recommended that a five-man
steering committee be appointed to oversee the entire operation; the
project manager would report directly {o this committee on technical
matters. At least three members of this committee should be nationals
of countries from outside of Latin America. Ail of the committee mem-
bers must have a good working knowledge of the sterile-male technique
and have had experience in large field programs to eradicate insects
{preferably using sterile-male technique). The committee should visit
the project site and hold program review meetings at least every 3-4
months.

A. Staff required in Nicaragua (80):

27. FProfessionals (5):
(a} The project manager;
(b} An assistant manager, respoasible for insecticide appllcatlons
(¢} A survey, assessment, and quarantine supervisor:
(d) An aerial release supervisor;
{e) A research ecologist/biometrician;
28. Non-professionals (75):
{a) Survey, assessment and quarantlne staff {45);
(i} Technicians (6):
{ii) Trappers . (24);
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(iii} Quarantine helpers (9);
(iv) Speciality unit helpers {4);
(v} An auto mechanic;
{vi} A mechanic helper;
{b) Aerial release staff {14):
(i} 'Technicians (6);
{ii} Helpers (8);
{c) Ecology/biometrics staff (9):
(i) Technieians {7);
(i1} Helpers (2);
{d) Office staff (7):
(i) Secretaries (2):
{ii} Administrative assistants (2);
(iii) Typists (2);
{iv} A janitor.

B. Staff required in Costa Rica (42):

29. Professionals (3):
(a) A rearing supervisor;
{b) A quality control supervisor;
{¢) A rearing research specialist;
30. Non-professionals (39):
(a} Technicians (14):
(i) Rearing and handling (10);
(i) Rearing research (2);
(iii) Quality control (2);
(b} Laboratory helpers (20);
(e] Janitors (2};
(d) A maintenance supervisor;
(€} A maintenance helper;
(f) A secretary.
31. The total thus required, from sections A and B above, is 122,
made up as follows:
{a) Professionals (8);
{b) Non-professionals {114},

VIiIl. ESTIMATED COSTS

32, Staff: $1535600
(a} Professgionals {B):

five, $27100 each/yr, 4 years; $ 542 000

three, §25800 each/yr, 4 years; $ 309600

(b} Non-professionals (114):
$ 1500 eachfyr, 4 years $ 884 000
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33. Facilities:

(a) Costa Ricas:
(i} Rearing plant? and office
(i1} Rearing plant equipment
(iii) Storage building
(iv) Land (cost of leasing
5 acres)

(b} Nicaragua:

{i) Office and laboratory space
(ii) Mechanics shop

34, Medfly production:

(a) 350000000 flies/week,
$5250/week, 75 weeks
(rearing diet costs $15/million)

(b) Contingency fund

$ 250000
$ 250 000
$ 20000

$ 20000

$ 540000

$ 100 600
$ 10000

$110000

$ 400 000

§ 50000

35. Insecticide applications {including guidance costs):

Cost = $150/km?; 3500 kmZ to be
treated (see feasibility report
for details}

36, Equipment and supplies (other than for rearing):

{a) Vehicles (30} $150/month, 48 months

(b) Miscellaneous laboratory equipment

{c) Field equipment (traps, trimedlure,
weather stations, radios for
vehicles, ete.)

{d) Miscellaneous supplies

{e) Quarantine equipment and supplies

(f) Office supplies and equipment
{including communications)

$216 000
$ 50000

$200000
$ 50000
$ 50000

$ 25000

2 4 fly 'escape~proof ' rearing plant is estimated to cost $500 000 to $750000,
¥ This amount would increase at least twofold if the fiee pupal release method were used; see

footnotes 4 apd &.

187

$ 650000

% 450000°

$ 525000

$ 591000
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37. Aircraft costs: $ 1550000
{a) Helicopter for survey amd assessment

flights: $200/h; 5 h/cay, 200 days $ 200 000
(k) Release aircraft: $ 13506000

Agsuming the release area is 4 000
km? and flight lines are 400 m apart,
the total length of flight lines for the
area would be 10000 km. A minimum
of three releases/week would be
required, making a total of 30000 km
over the release area. As the air-
craft flies 200 km/h (C-47), the
release time would be 150 hfweek,
pius time to turn and time to fly to
and from the release area. Total
flight time/week is estimated at

325 h; cost is $100/h, thus
$22500/week, 60 weeks.

38. Cost of release containers: § $ 360000

The cost of the smaller release container
heing proposed is estimated at $ 0.02 each.
Releases would be made at the rate of
one c¢ontainer/100 m along the flight
lines. Each flight over the entire

area consisis of 10000 km {10 000000 m),
thus would require 100 000 release units
costing $ 2 000; three releases/week thus
would ecost $6 000; the containers for

a 60-week program would thus ecost

an estimated $ 360 000.

38. BSub-contracted research: $ 200000
{a) IAEA Seibersdorf Laboratory: supplies,

eguipment and personnel $£100 000
(b} USDA Fruit Fly Laboratory Hawaii:

supplies, equipment, and personnel $100 000

4 Using the free pupal release method, the release afreraft cost per hotr could be reduced to $25.,
If three times the usnzl number of {nsects were released (thus, 900 million pupae/week), the atrcraft cost
would be $15 000/ week for the releases plus the cost of ferrying pupae from Sa2n Jos& to Managua, This
latter cost is estimated at 36 hours/ week at $100/h or a total of 3218 000 for 80 weeks. Therefore, the
free pupal release method would cost a total of about 31118000, In addition, there would be higher
reating costs to be met {see para, 34).

® The use of the free pupal release method would essentially eliminate this cost (see para. 34},



40.

(a)
{b)
{e)
(d)
(e)
f)
(2)
(h)

(1)

RECOMMENDATIONS

Surnmary of costs

Staff

Facilities

Medfly production
Insecticides

Equipment and supplies
Aircraft

Release containers
Research

Sub-total

Contingency fund

Total

AFPENDIX TO ANNEX A

$1535600
650 000
450 000
525000
591 000

1 550 000
360 000
200 000
$5861 600
100000
$5961 600
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Required release rate (flies per week)} to obtain various ratios of sterile
to wild {lies, based on infested areas of three different sizes and varying
wild fly populations

Infested Popalation Total Required release rate par week
area in of wild population (flies/week % 10°) w obtain the
km® flies per in the infested indicated razio of sterile to

km? area {x 10%) wild flies, assuming that 50%

of the rel d flies ars losté
25:1 50:1 100:1  200:1
40008 1000 4 200 404 200 1600
4000 2000 8 400 80¢. 1600 3200
4400 4000 16 300 1800 3200 8400
3000 1000 3 150 300 600 1200
3000 2000 G ane 800 1200 2400
apaon 4000 12 00 1200 2400 4300
2000 1000 2 100 200 400 800
2060 2000 1 200 400 800 1600
2000 4000 8 400 800 1600 3200

2 IF the free pupat release method is used the release rate probably must be doubled
or wipled to compensate for the additional loss of flies.

ANNEX B

ADDITIONAL INFORMATION REQUIRED ON FRUIT FLIES

The following are some of the subjects on which additional informa-

tion should be obtained to increase the efficiency and lower the cost of
the sterile-insect release method for species for which this technique

is applicable.
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1. Mass rearing (1000000 per week or more)

(a) Standardization of diets and mutritional studies resulting in a
more efficient production and improvement in quality of the
insect with respect to the following characteristics: vitality,
sexual aggressiveness, longevity, etc.

(b} Introduction of new strains of wild populations into existing
maga-reared strains.

{c) Study of symbionts and their importance.

{d) Improvement and possible mechanization of rearing devices to
reduce costs.

2. Irradiation. Improvement of irradiation technology ircluding both
physical and biological characteristics. Sterilization studies including
determination of optimum radiation dosage in relation to maximum
competitiveness in laboratory and field experiments, should be performed.

3. Marking. At present, irradiated flies are usually marked with
fluorescent dyes before release. The use of alternative methods of
marking {including isotopes and genetic markers) may prove useful.

4, Quality control, Improvement of guality conirel measures and
development of fail-safe methods to guarantee effective irradiation
concurrent with a continuing supply of high-quality insects.

5. Release methods

{a) Improved methods of feeding of adults in release containers;
determination of need for this.

(b) Evaluation of pupal versus adult serial releases.

{¢) Improvement of release containers and reduction of cost.

6. Survey, sampling and evaluation techniques

(a) Improvement of trapping methods and correlation of trap caiches
to population dengity and infestation.

{bh) Improvement and standardization of assessment techniques
including fruit sampling and hatchability of field collected eggs.

(¢} Chemical and physical attractants.

7. DBiology and ecology

(a} The limits of the distribution of any species should be accurately
determined before eradication is attempted.

{b) Population dynamics including density, fluctuations, dispersal,
and geasonal and climatic effects must be studied.

{e) Behaviour of wild and released flies including oviposition,
feeding, larval and pupal reactions, and expecially sexual
bhehaviour in the laboratory and field throughout the adult life
should be gtudied.

{d} Quantitative life ¢ycle tables should be calculated.
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8. Adverse effects. Investigation of punctures on fruit caused by

irradiated females that may adversely affect their commercial value
ghould be determined.

9. Economic aspects

(a)

(b)

(c)

Economic damage cauged in the countries or areas where the
sterile-insect release method is considered should be determined
as well as the status and cost of current control practices.

Data on the actual cost of the application of the method oz a
large-scale basis, either alone or as a part of an integrated
approach, are evidently lacking., Present research and experi-
mentation has been directed mainly towards proving the feasibility
of the method from a purely technical point of view and restricted
to small areas. No realistic cost estimates can be availahle
until larger-sczle experiments are carried out and properly
evaluated.

Correlation and development of an integrated control pregram
including the sterile-insect release method is required.

10. Cenetic studies. Bagic research on fruit-fly genetics, especially

in the area of altering the sex ratio of colony strains and also developing
other methods of inducing sterility should be investigated.
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