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EFFECTS OF IONIZING RADIATION ON INSECTS AND OTHER ARTHROPODS. Research into the possible
application of the radiation sterilizavion method of population sppression is now under way on a oumber of
insects that attack man, animals and a varlety of crops. These exploratory investigations have shown that
ionizing irradiation will induce sterilicy but there is considerable variarion fn the amounm needed, The
wesearch also suggesn that radiation damage may {n some cases prevent application of the methed to rome
imects. A frequent ohitacle that must be overcome s lack of practical mass-rearing methods. Some insect
also appear tobe o abundant that the use of the techrique may not be feasible without first processing the
tnfested area with other comrol measures to bring wild populations within reach. Despite these difficuldes,
when conditions are favourable, few cther approaches to the controf of peya are so potentially rewarding. The
radiation sterflization method may also be thought of as 8 possible means of delaying developmenrt of infestation
until crops are harvested.

‘The present paper reports on the influence. of gamma radiation on the reproductive potential, sexual
aggressiveness, vigour and leagevity of the oriental fenit fly, Dacus dopalis Hendel, the melon fly, Dacus
cucurbitae Coq., the Mediterranean fruir fly, Ceratitis capitata Wied,, the Mexican fruit fly, Apastrepha
ludens Loew, and Anopheles quadrimaculatus Say, and results of practical field trials of the sterile-male
release method of population suppression. Progressin the campaign to eradicate the screw-worm, Cochliomyfa
bomninivora Cgrl,, in the United States and in swdies o develop vigorous genetically marked strains that will
peemit ready fdentifications of releated sterile flies is reviewed. Resuls of ittadiation reseatch on six additional
species that infest fit, vegetable, field and forest crops, three that attack livestock, three that largely
affect man, the effects of irradiation on the scorplon. Centruroides Umpidus Karsch, and the Lone-Swar tick,
Amblyomma americamum L., and lonizing radiaton as a possible quarantine treatment for fruits and vegetables
infested with fruit flies and mangoes infested with the mango weevil, Sternochetus mangiferae Fabricius, are
also discusved.

EFFET DES RAYONNEMENTS JONISANTS SUR LES INSECTES ET AUTRES ARTHROPODES. Des recherches
sur 1a possibilieé d appliquer la méthode de stérilization par les rayonnements pour 1*éradication de populations
d'intectes sont actueilement en couss pour un certain nombre d*insectes muisibles 3 1'bomme, aux animany et
& divemes cultures, Il ressort de ces recherches préliminaires que les rayonnements joritantt provoquent la
stérilité, mais que les doses nécessalres varient contidérablement. Ces recherches donnent aussi 3 penser
que les doppmages radioinduits sont tels qu*il ne serait pas opportun d*appliquer cette méthode A toutes les
espdces d'insectes.  Une difficulté 3 laguelle on se heurte fréquemment est 1'sbsence de méthodes pratiques
d*élevage en mame. Dsutre part, certaines populations d'insectes sont tellement nombrenses qu’il penc
&tre imposnible de recourir A cette méthode sans avolr au préalable appliqué dans la région infestée d*autres
méthodes de lutte de mani2re & pouvoir atteindre les populasion paturelles. Malgré ces difficuliés, o tes
conditions sont favocables, i1 existe pen d'avtres méthodes qui puissent donner d*aussi bons résultats. On peut
anssi envisager de recourir & 1a méthode de stérilisation par les rayonnemenu pour retarder la pullulation des
insectes jusqu'd 1a moimon des récoltes.

Le mémoire rend compie de L'influence des rayons gamma sur 1a capacité de reproduction, 1"agressivieé
sexoelle, Ir vigueur et ]a longévité de divers imectes: mouche orlentale des frofts Dacus domalis Hendel,
mouche da melon Dacus cucurbitae Coq. . mouche méditeranéenne des fruits Ceraritis capltara Wied, mouche
mexicaine des froits Anasrephs Judems Loew et Anopheles guadrimaculatus Say; il donne aussf les rémltats
drexpériences réelles de Icher de miles stériles pour I'éradication des Insectes. Lrauteur anaiyse les résultaws
obtenns damy la campagne d"éradication de la lucilie bouchire Cochliomyia hominivorax Cqrl. aux Fras-Unis,
ainsi liue dans des études visant & produire des sonches vigoursuses, marquées génétiqumem en vue d*identifier
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facllement Les mouches etériles apras leur lcher. 1 émdie aussi les rémlrats de recherches sur différents
sujens; effets. des rayonnements sur #ix autres esphces nuisibles aux fruits, auwx légumes, aux cultures et sux
forde, ur trofs espioes qui s*attaquent au cheptel et sur wois espces qui sont particulidrement muisibles A
Vhomme; effets des rayoninementy sur le scorpion Centrurcides Umpidus Kanch et sur 1a tique Amblyomma
smericaniym L. ; possibilité d*utiliser les rayonnements iontsants pout traiter - comme mesure de quaramaine -
les fruits er légumes attaqués pat les mouches des fruims et les mangues attaquées par le charangon de 1g
mangue Swernochetus mangiferae Fabricius.

BOIARACTEME MOEV3YPYRRER PAIMALIMA KA HACEXOMMX W JFYTWX TARHWOTOHOTMY. B sacToames Bpaus

Tod NGO A8 CTADM OCCPRACTEON QSAyYem:Id ANN YEM-
TTOXOHAS DoOyIMtwi oexorc papa N » FHBOTHMX M PAITAYMKS XFOMTYLH. DI
g PAT&OLHS X, WTO MUHADHPYImE® OJXyUsHME NDHACAHT K CTEPHIMIALMM, BO TTO
Ans avofl GeAM TDeSYDTUM dpes fiuo paoROOODAINMSE ZOMN. UXEASXOOH, 4TO B HEROTODMK CRy9AdI Da-
AMALH P MOCYT Mo, Th 1d OPHMEHeHHR PTOIC METOAA ¥ HEXOTOPMEL HACEKOMEX.
CpengrTeTene, XOTODOG 34TAOTYD TOL TP Th, TCK B OTOFTOTHIM HPAKTMUSCHHX Ne-
TOXOE pan ] ROIMYGITBAX. C ADYrol oTOpOHM, ROKOTODHES BMOM HACEKCMEX
IBLIDTOS HACTOXENG MECCOUMCIOHEEMM, UTC DNPAMEHSMME 2TOMU MOTORA MOTET ORAJATRCH HeOQYNEOCTBIMEM
gen Of o oop a8 0 paHoHs ADYTHMA CcpescTRAMM UCTPESREUHE 148 OPHBISTEHMY

H2 AOCTYTHCE PAGCTONHM® TOUFIRuuMd uEcsxoMmux, HeCMCTPR AN aTH 2aTPYAHGHMHA, TP OIATONPHATEME
OSOTOITEXLOTBAX BEAR W KAKME=IMOO APYTHE METORM MOTDBONEHHS BPEANMX HACEROMMX NpPOACTABANDTCN
CTOIL %6 NAPOOEKTABHMMM. MeTON OTEDUIMIARMA NP NOMONM DAIHAOMM MOUXET OIYEITH CHOCOSOM OTABAe—
EHE MEBAGHM AOQ ORONMAHMN COOpH yPORAS.

B acxgeaxe maeTed ¢ Beogel TAMMA -3 AFUSHUR BE NOTEHIMAX PAIMHOXEHMSH, NOXODYD ATPEC-
CHBHOCTS, CMXY M MBMBYY4Cts BOOTOWHOM MXOx0BOH MyIM Dacus dorsalia [Hendel), muuwalt wyzw Dacus
tugurbitae (Cog.), U] # Myxw Ceratitis capitats (Wied.), mexcsmamcxol nma=-
fopod MyTM Ansptrepha ludens (Loew) m wanspuitzorc moMApa Anopheles guadrimaculatus {Say); B ac-
KARA® IPHROUXTCN TANEE DEIYILTATH CPANTHYEOKUX WOIMTAEMA Bumy T 4P, RA omaT-
HO® DONe RER Herpeﬁaa:ius nonyogmuil. GAeTod ONWOAHME OAJREeHNENO XOLA KANRNRNEM NOC HeTpESnsmAD
dwuserc osoza Coghllomyis hominivorax {Cgrl.) = Coeay IzaTax A W ¥ HAYYERHS DAIPEASHAL
CHABENY, T L] ¢ ; HHMX #, ROTO[We NOIBOXFT JGIHC BRABINTE BUNYNEHHWX EA BOTD
o + OQUCFERADTOR TAKSG PeOYELTATH MOOXEACMARMA TO OOIYIeHKN § ACDOIRHTeELEWX
BMROB BPEXMTGRGH, OOPANBINME QDPYRiM, OBONM, NONGBNS M IeOEME XYIRTYLH, 3 BAAGE, DODANAXEMX oror,
M 3 EMACH, HADAZALOMX IIABEMN OSpadsOM Ha Yegomera, a Taxwe podasioTEMe QUXFYOHAS EA CRODMIMOROD
‘Centrupoldes limpldus (Rarsah), ogsvomsazuazorc maems Amblyomms smericenum {(L.); Razes odoymaa-
ares B MODC X AOHEMIHPYEREI'O MAZYUEENI 3 RAYOCTBE BOIMORMOIG TARORTHENCro opapg-
OTBA AIZ EKesMEbecTAmMM onomeld w dpynTOR, NopaxeERMx nIopopol MyXOi, a Tarwe MERTO, DOpANSRNODG
MAMTOBMM ZOXOHOCHNOM Sterncohetus mangiferae {PFabricius).

EFECTOS DE LAS RADIACIONES IONIZANTES SOBRE 1OS INSECTOS Y OTROS ARTROPODOS. Actial-
mente s¢ estudia 1a postbilidad de recumir a 1z radioesterilizacion para exterminat a diversos insectos que
stacan al hombye, 4 los animales y a las plantas. Las primeras investigaciones han demostrada que 1an radia-
clones lonizantes producen esterilidad, y que Las dosis necesarias varian comiderablemente. También bhacen
penxar que 1ot dafios producidos por las radiaciones pudiesan en algunos casoe impedir que se_gplique el méwdo
4 ciertos insectos. Con frecuencia, el obticulo principal es la falta de métodos de crfa de los imectos en gran
escala. En otios cascs, el insecto se da con tal abundancia que no es posible aplicar esta técnica ain antes
Tratar por oos medics 1a zona infestada a fin de reducir ¢] mimero de imsectos. A pesar de podas las dificul-
tades, el méioda de la radfoesterilizacion s uno de los mejores, cuando las condiciones son favorables. Tam-
bién s¢ paede utilizar parn retrasar el desarrollo de 1a plaga hasta después de Ia cosecha.

La memorla infoona sobre Ia influencia de las radiacionss gamma en 1a capacidad de reproduccidn,
1os justintos sexuales, el vigor y 1a longevidad de la moica oriental de 1a fruts, Dacos domalis Hendel, 1a
mosca del melén, Dacus cucurbitae Cof. . 1a mosca mediterénes, Ceratits capitata Wied. , 1a mosca de la
fruta meficana, Ansstrepha lsdems Losw, y el Anopheles quadrimaculatus Say, & Indica Lo resultados de la
campsiia de exterminio obtenidos en 1a prictics liberando machos estériles, Revisa tambiéa los progresos
realizados en los Estados Unidos en la campafla para exterminar la Cochliomya homintvocax Cqrl. , y en loa
estudios para desarrollar cepas vigorosas, marcadas genéticamente, que permitan identificar con facilidad las
mioteas estériles Itheradas, Se discuten también los resultados de las investigaciones sobre 1a jrradiacion de
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otras sels especies que atacan a frutas, verduras y otros cultivos agrfcolas y foreszales, ot tes que atacan al
ganado, y tres mis que atacan principalments al hombre. Se trata asimismo de la irradiacidn del excorpidn,
Centruroides ligpidus Kanch y del arienido Amblyomma smercanum L., ¥ de 12 posibilidad de emplear
radjaciones ionizantes como watamiemo de cuarentens para las frutes y verduras infestadas con la mosca de
la fruta y pata los mangos infestados con el gorgojo Stemochetus mangiferae Fabricius.

1. INTRODUCTION

The eradication of the screw-worm {Cochliomyia hominivorax Coquerel)
from the island of Curagaoc by the release of flies sterilized with gamma
radiation [3] prompted worldwide studies to explore other applications for
this unique method. The recent progress in radiation-sterilization research
now under way at laboratories of the United States Department of Agriculture
i reviewed in thie paper. Limited reference igs also made to information
from other sources.

The most important requirements for successful application of the
sterile-male release method are ability to mass-produce and sterilize the
pest withgut serious damage to mating competitiveness or other behaviour,
and sustained releases of sterile males at overflooding rates that will void
the reproductive potential of the wild population [19] .

2. RADIATION STERILIZATION AND INFLUENCE ON BEHAVIOUR

Three destructive tropical fruit flies, the coriental fruit fly {Dacus
dorsalis Hendel), the melon flyl Dacus cucurbitae Cocquillett),and the Medi-
terranean fruit fly {Ceratitis capitata Weidemann) have been studied inten-
slvely in Hawali [6, 32,33, 368] . The minimum dosage required to prevent
egg-laying and render the males incapable of fertilizing females is about
10000 r when the radiation is applied to late-siage pupae, with no significant
difference among the three gpecies. At sexual maturity the testes in treated
individuals are full of sperm, but no further production of eperm occurs
and few remain after 30-50 d. In cage tests with irradiated males in compe-
tition with normal males, the irradiated males were less than half as ef-
fective as normesl males, In large-cage tests, however, ratios of irradiated
{0 normal flies ranging from 7.5:1 to 20:1 suppreseed reproductive potential
by as much as 92% in two generations.

In studies with the Mexican fruit fly (Anasirepha ludens Loew) 12~-d-ald
pupae were sterile after exposure to 5000 r of gamma radiation [30] . Both
sexes were permanently sterilized and no egge were produced by females.
Emergence and longevity appeared to be normal. The sexual aggresaiveness
of young treated males was not affected. However, 30- to 39-d-old steri-
lized males were much less effective than normal males in competitive
maiing trials. More recent studies [29] indicated that, after irradiated
males had mated with virgin females five or six times, few motile sperm
remained in the teates and few or no aperm could be found in the sperma-
theca, In cage tests with ratios of sterile Mexican fruit flies to normal
fliea ranging from 1:1 to 50:1, fertility wae greatly reduced, almoest com-
pletely so at the 50:1 ratio.
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In tests io determine gensitivity of the Mexican fruit fly to dose-rate
of gamma radiation [30], 12-d-old pupae were irradiated at rates ranging
from 10 to 90 r/min. At a dosage of 2000 r females deposited fewer eggs
and males became less fertile as the dose-rate increased. No difference
in emergence or longevity was observed in adulis developing from pupae
that were treated with 5000 r at 42.8 r/min or at 2695 r/min and there was
no effect on eterility when treatment was administered in one doge of 5000 r
or in two doses of 2500 r with a 24-h interval between radiation periods [29}.
In sterilization of C. hominivorax it waa found generally that multiple ir-
radiation was more harmful than-a single dose [I1] ,

Mexican fruit-fly pupae have also been irradiated in atmospheres of
nitrogen flowing at 3 1/min and of oxygen flowing at 5 1/min [29]. In nitrogen
irradiation at 7000 r, a dosage of 2000 r higher than that required for
sterilization in normal air, there was no effect on egg production or viability
as had been noted in tests with C. hominivorax [20] . Females from pupae
irradiated at 7000 r in oxygen laid some viable egge, a result difficult to
explain, since high oxygen tension normally increases the radiosensitivity
of ingect cells [10] .

The influence of temperature on effects of radiation on insects has not
been investigaied extensively, but according to some investigators, tempera-
ture may be a critical factor [20], or at least have some significance [10] .
Irradiation of dermestid larvae at 5000 rad before treatment with heat at
47°C interrupted the life-cycle, an effect that was not accomplished by either
treatment alone [18].

Anopheles quadrimaculatus Say can be sterilized with 8 865 to 12900 r
of gamma radiation applied to the pupal or adult stage [9] .. Irradiation of
the pupae did not affect adult emergence, but there was considerable mor-
tality of irradiated mosquitoes for the firet 3 d after emergence. No gross
differences were found between normal and sterile males with regard to
sexual development and mating behaviour [36] . -

Agder aegypti L. may be sterilized with 11 000 to 18 000 r of gamma
radiation [27] . In laboratory tests the production of viable egge was greatly
reduced when normal females were caged with normal and sterile males
at & ratio of the latter of 1:20 [26] ,

Studies conducted on Drosophila melanogaster Meigen at Beltsville,
Maryland, in 1962 indicated that unireated females mated with males exposed
to 5 kr of gamma radiation in the larval and 29 kr in the pupal or adult stage
deposited the normal number of eggs, none of which hatched. The longevity
of males or females exposed in the pupal or adult stage was flot affected by
the radiation {reatment, but males and females irradiated in the larval stage
were shorter-lived than untreated insects, Sterile males confined with nor-
mal males and females reduced the number of progeny [15] . Immediately
after treatment, 3- to 4-d-old males exposed to 16 kr did not mate as readily
or as many times with virgin females as untreated males or males exposed
to 8 kr, Males exposed to 16 kr recovered within 24 hours and their mating
frequency angd behaviour were normal [16] .

Adults of the Mexican bean beetle (Ephilachna varivestis Mulsant} were
sterilized by exposure to 10 or 20-kr of gamma radiation. Pupae were more
susceptible than adults. Dogages ranging from 1 to 16 kr resulted in sterile
females, whereas males were sterilized at 4 to 16 kr., Larvae were more
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susceptible to direct radiation effects than pupae and pupae were more sus-
ceptible than adults [17].

In studiea with the Eurcpean corn borer {Osirinia nubilalis -Hibner)
at Ankeny, Iowa, untreated virgin female moths mated with male moths
treated at 1 d after emergence with 32 kr of X-raya laid eggs of which only
1% hatched. Irradiated males competed equally with untreated maleas for
femalea. Moths caged together at a ratio of 8 irradiated males to 4 un-
treated males to 8 untreated females resulted in 39.4% hatch of eggs, The
survival of irradiated males compared favourably with that of untreated
maies under laboratory conditions. Female pupae were more susceptible
to irradiation than males and younger pupae were more susceptible than
older pupae [35] .

At Brownsville, Texas, males of the pink bollworm {Pectinophora
gossypiella Saunders) from irradiated 7-d-old pupae mated with untreated fe-
males resulted in complete sterility when irradiated at 60 kr, and at30-60kr
no more than 1.7% of the egge hatched. Exposure at 40 kr was sufficient
to sterilize femalea. The longevity of males from 7-d-old pupae treated
with 36-90 kr was significantly shorter than that of controls [28] .

Irradiation of virgin males of the boll weevil {Anthonomus grandis
Boheman) at 10 kr resulted in transient sterility, whereag 15 kr produced perma-
nent aterility; however, these doses caused very rapid mortality of both
sexea [8] .

At New Haven, Connecticut, treatment of the gypsy moth (Porthetria
digpar L.} with gamma radiation ahowed that mdles can be succeasfully
aterilized and that the optimum dosage is 20 kr for 9- to 11-d-old pupae.
The competitiveness and efficiency of treated males under natural conditions
remain to be determined [13] .

In an exploratory study with the stable fly {(Stomoxye calcitrans L.) at
Kerrville, Texas, 5 kr of gamma radiation to the late pupal stage resulted
in complete sterility of both sexes. Although longevity was not measured,
it appeared that there was very litile effect from this dosage [14] .

In laboratory studies conducted at Corvallis, Oregon, both sexes of
the hornily {Haematobia irritans L.} were sterilized by 5 ka of gamma radi-
ation and longevity wae unaffected. When flies from irradiated and untreated
pupae were allowed to emerge together in screened cages, the eggs obtained
were less viable than thoge in the control in every test [22] .

Studies alec at Corvallis, Oregon, with Culex tarsalis Colquillett
showed that the male was sterilized at 15 kr and the female at 5 kr, with
very little effect on longevity. Competitiveness was reported as good, but
the study is atill incomplete [7] .

In exploratory tesis conducted at Kerrville, Texas, with the Lone Star
tick (Amblyomma americanum 1., ), females were sterilized at relatively
low dosages, 500 to 2500 r. Higher dosages were required for males. Newly
emerged adults were more easily sterilized than nymphs [12] .

The scorpion {Centruroides limpidus Karsch) was treated with radiation
in 4 Jots of 15. At 4500 r there was little or no effect and one scorpion
lived 105 d afier treatment. At 8000 r the scorpiong remained motionless
and refused food; however, one lived for 33 d after treatment, At 10000
all were dead after 17 d. At 11500 r all scorpions were dead at 7d. Ina
control of 100 some individuals lived 6 months [24] .
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3. INDUCED STERILITY IN INSECT CONTRQOI. AND ERADICATION

An economical method of rearing inesects in large numbere is a re-
quirement for utilization of the sterile-male technique [19,36]. The availa-
bility of such metheds for mase-rearing several speciea of tropical fruit
flies made it poasible to initiate field tests after appropriate radiation steri-
lization dosages were determined, A field test of the effect of releases of
sterile Mediterranean fruit flies was undertaken in May, 1959, in anisolated
12~-mile? host-fruit area on the island of Hawaii at an altitude of 3600-5000 ft
(33] . Nearly 2 months were required for each generation of Medfly at this
elevation, where temperatures seldom exceeded 60°F in the shade for more
than 2-6 hf/d. The test was terminated 1 July 1960, after a total of .
18.7 million flies irradiated at 10 000 r in the pupal stage had been released.
A mean reduction of approximately 90% in the population of Medflies wasg
obtained,

In December 19680, releases of sterile oriental fruit flies were started
on the 33-mile? island of Rota, an isolated island in the Western Pacific,
following a year's trapping to determine the normal population density and
trends. In this experiment the flies were reared to the pupal stage and
irradiated in Hawaii and then shipped by air to Guam for aerial and ground
releages of adults on Rota. Progress was evaluated by means of trapcatches
for adults and the holding of fruit samples for emergence of larval popu-
lations. The sterile flies were released weekly by air along flight lines
i mile apart running lengthwise to the island and from ground emergence
cagen placed at girategic locations [33]. This oriental fruit fly experiment
wag terminated in June, 1962, after 21 monthse, during which an estimated
410 million sterile flies were released on Rota. The target overflooding
ratio of 10 to 1 of sterile to normal males was never achieved on Rota on
an island-wide, sustained basis. Even though iis objective was not achieved,
the test nevertheless provided a wealth of valuable experience and knowledge
of factors that may influence effective application of the method to an un-
usually ebundant insect [34] .

In September, 1962, releases of sterile melon flies, a much leass
abundant species than the oriental fruit fly on Rota, were initiated after
the native population had first been reduced with poison bait sprays applied
arcund farme and other host areas, Ratios higher than 30:1 of sterile-ig-
normal flies were quickly attained and complete suppression of the melon-fly
population is anticipated [34] . In several recent weeks there has been no
evidence of infestation in preferred hosts. i3

Studies involving releases of Mexican fruit flies sterilized with gamma
radiation have been conducted at two locations in Mexico. In 1961, at one
location, a ratio of 66:1 gravid-normal flies was achieved and the larval
population in mangoes reduced to an unusually low level of 0,37 per 1b, In
1562, with a high natural population, a ratio of 8:1 wasg ineufficient to pro-
vide population suppression [29] .

A. quadiimaculatus males sterilized in the pupal stage were released
into natural populations of quadrimaculatus at two localities in Florida [37] .
During an 1l1-month period 328 900 males were liberated at  to 10 release
points on a small semi-isolated island in L.ake Okeechohbee, and 104 700 were
liberated during an 11-wk period at two release pointe within an extensive
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breeding area in a swamp at the south end of Lake Panasoffkee, Sumter
County. It was concluded that the release of sterile males may have in-
fluenced the abundance of quadrimaculatus in the Okeechobee experiment
when the natural population was in a seasonal decline, but such a release
had no effect when conditions were more favourable for reproduction and
development. The release of sterile males in the Lake Panasoffkeec ares
did not conclusively demonstirate any induced sterility in wild females,
Further studies on the blology and behaviour of this speciles are heing
undertaken.

A mterile releasce test with A, aegypti was made in two areas in the
vicinity of Pensacola, Florida [27], during which 3 812 000 sterile pupae
were received for liberation in 1960 (96% males) and 6 708 600 for liberation
in 1961 (97% malea). It was concluded from the regults of the experiment
that the adaptation of the sterile~-male method for mosquito control will
require additional biclogical investigations, especially of the dispersion
of males under field conditionas.

A co-operative programme to eradicate the screw-worm throughout
the south-eastern United States by meane of releases of sterile flieg was
undertaken in 1858 by the United States Department of Agriculture and the
State of Florida [23,36]). An average of 50 million screw-worm flies were
reared, sterilized and released per week to achieve eradication in less than
2 yr in the southern United Siates east of the Mississippi River.

Early in 1962, a co-operative programme was undertaken by the United
States Departiment of Agriculture, the Southwest Animal Health Research
Foundation, the Texas Animal Health Commiseion and other public and pri-
vate groups in several States to utilize releases of sterile flies to eradicate
the gcrew-worm from the south-western United States and to maintain a
barrier against re-infestation from Mexico. The rate of sterile fly re-
leases in the areas in Texas where the insect is normally able to cverwinter
had reached over 113 million/wk by early February 1963.

Inability to identify relessed ineects positively is a serious handicap
in evaluation. A genetic strain of white-marked oriental fruit flies which
had been found to occur naturally in 0.5% of the wild Rota population was
developed in Hawaii, In comparative tests, the white-marked strain has
appeared to be equal in behaviour and reproductive capacity and compatible
with normal yellow laboratory flies. The white-marked oriental fruit fly
strain was used in the Rota test beginning with the releases made in August
1961 B3] . Mexican fruit-fly rearing stocks areobserved for easily detectable
aberrations which might be developed as genetic markers and F; and F,
progeny or males irradiated with 1500 r and mated with untreated females
are scanned. A female with a dark V on the scutellum was obtained from

a total of 30000 F; -pgeneration flies, but death occurred before sexual
maturity [29] .

In the search for mutants of the screw-worm useful for marker stocks,
the flies scanned are from three sources, untreated laboratory-reared flies,
progeny from irradiated normal parents and progeny from irradiated flies
inbred for two generations. A number of mutants have been observed but
none hag been fully compatible and competitive with wild flies [21].
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4. IONIZING RADIATION AS A COMMODITY TREATMENT

The development of irradiation methode for treatment of fruit and other
commodities suscepiible to infestation by fruit flies and other insects may
offer a means of quarantine ireatment that iz more effective and less unde-
eirable than fumigation or other treatments.

The first successful test with ionizing radiation to free a commaodity
from insects apparently was with tobacco infesied with the tobacco or ciga-
reite beetle {Lagicderma serricorne F.) in 1916 [31]. In the Medfly eradi-
cation campaign in Florida in 1929, a few exposed larvae and larvae within
fruit were itreated with X-rays. It waa concluded that the exposures were
insufficient to kill larvae, either exposed or within fruit [25] .

Studies in Honolulu, Hawaii, indicated that 300 kr was not immediately
lethal to the immature stages of the oriental fruit fly, However, the deve-
lopment of irradiated eggs and larvae to the adult setage was prevented by
dosages of 7.5 and 15 kr {1] . The resulis of further investigations with the
immature stages of the oriental fruit fly, the melon fly and the Medfly sug-
geated that comparatively low dosages in the range 15 - 20 kr would provide
ap effective commodity treatment for fruit-fly-infested fresh fruits and
vegetables [2] .

Larvae of the mango weevll (Sternochetus mangiferae F.) in mango
geeds treated with 5 kr of gamma radiation failed to develop to adults and
were prevented from forming pupae by an exposure of 12.5 kr. Sexually
mature adulis irradiated in shell vials were sterilized by 5 kr and sexually
immature adults treated within the bare mango seed were sterilized by
15 kr [2] .

Grapefruit infested with eggs and first-stage larvae of the Mexican fruit
fly exposed to 5 krad showed no insects or insect damage when dissected.
Fruit infested with mature larvae produced numerous pupae; however, no
adult flies emerged from pupae from fruit treated at 5§ krad or higher [3] .

Mangoes infegted with the Mexican fruit fly were treated with gamma
radiation at dosagee ranging from 500 to 5000 r at the rate of 1500 r/min,
Flies surviving the 1000-r dose did not oviposit and only one malformed
male survived at each of the 2000 and 2500 -r treatments and no aduits
emerged at 3000 r or above. In further studies, X-ray radiation appeared
to be as lethal to the Mexican fruit fly as gamma radiation (4] .
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DISCUSSION

M. S, QURAISHI: How were the male mosquitoes separated from the

female mosquitoea for the release of males?

W.E. STONE: Iregretl cannot tell you that because I am simply

quoting what was done by Dr. Schmidt and Dr. Morlan and their associates.
Pr. Schmidt could undoubtedly tell you.

M.S8. QURAISHI: We have found that the mechanical s'eparatofdescrlbed

by McCray and Morlan ia quite efficient in separating male and female larvae
of Angpheles siephensi, but of course you do not get 100% separation. Per-

haps Dr. Schmidt could throw scme more light on this.



310 W.E. STONE

C.H. SCHMIDT: In the experimenis on the release of sterile males
for the control of Anopheles quadrimaculatug (ref. {37) to the paper), the
sex separation was carried out in the adult stage, Within 24-48 h after the
adults emerged, they were inactlvated in a cold room (35°-40°F), the fe-
males removed and the malea transferred to cages for release in the test
area. Females were not releagsed, since their bites would have caused
annoyance and their presence in the resting stations in the test area would
have introduced errore in the weekly adult counts. Before we underiake
a large-sgcale test we sghall have to devise some better means of separating
the sexee. This was much too tedious,

J.W. MILES: Dr. 8chmidt, when you irradiated these insects, the
irradiation was done on the pupae, wag it not, the adults being separated
afterwards? In previous work, by McCray et al. .(ref, [26] to the paper),
I believe they irradiated the male pupae after sep separation,

C.H. SCHMIDT; Yes, we irradiated quadrimaculatus pupae whlch were
not more than 24-h old.

P. NARDON: You said, Dr. Stone, that you cultured the Mexican fruit
fly in order to see whether any aberrations appeared. Personally, I think
aberrations are bound to appear. I have observed them with Sitophilus grain
weevils, and the paper I am to present tomorrow * has some bearing on this
matter. But could you, in particular, give us some indicatiion as to the
likelihood of reduced fertility? In my opinion it is particularly on the
physiologicel gide that one may expect important changes.

W.E. STONE: The Mexican fruit {lies were exposed to 1500 r, and
this wag sufficient to reduce fertility somewhat; we believe, however, that
fertility canbe restoredif a satiefactory mutant is obtained. Ag far asother
aberrations are concerned all I can say is that out of some 20000 irradiated
flies we found an inverted "V" on the scutellum in one female, but unfortu-
nately ghe died before she could lay egge. That often happens, the geneti-
ciste tell me, in working with stocks that have been irradiated.

A. SUSS: Have you found any relation between temperature and sterili-
zation dose?

W.E. STONE: All our sterilization has been done at about 25~-27°C —
" more or lesg at room temperature. We have not, ourselves, investigated
the effect of temperature in relation to irradiation, but work done by Dr.Nair
on this question was referred to by Horne and Brownell in the paper cited
as ref,[18] to my paper. The paper by Nair and Rahalkar on their work
with the Khapra beetle t contains further interesting information on this
subject. I think that D.J. Jeffreys has also done some work on the relation
of temperature to irradiation in the case of Sitophilus granarius.

R. von BORSTEL: I think the United States Depariment of Agriculture
ie to be congratulated on the marvellous work done on eradication of ingect
pests by the male irradiation method. I would like to lmow why the particu-
lar dose of 1500 r was selected for the screening of mutations in Anastrepha
Bperm.,

* LAVIOLETTE, P. ¢t NARDON, P., Influence de J'imadiation sur les adeltes de Sitophilus sasakii
takahashi (Curculionidae)et lenns descendants, these Proceedings.

+NAIR, K.K. and RAHALKAR, G, W., Studies on the effects of gamma radiztion on the differemt de=-
velopment stages of the Khapra beetle, Trogoderma granarium Everts., these Procesdings.
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W.E. STONE: The 1500-r exposure was selected for Anastrepha ludens
arbitrarily, as it is between 1000 r, which has little effect on oviposition
and hatch, and 2000 r, which is considered a critical dosage.

R. von BORSTEL: Who is carrying on that work?

W.E. STONE: LaChance, A very full account of it appears in the ar-
ticle cited as ref.[21] to my paper.

M. FRIED: Have you any more recent information as to the results
of the melon-fly teats on the island of Rota?

W.E, STONE: Nothing more than what ig said in the paper. I would
like to mention that the main problem in all our eradication work by the
sterile-male technique is the problem of ensuring sufficient isolation. You
may think you have pretty good isclation but then the ingects begin to come
in: Steiner and his associates in Hawaii have found on the island of Rota
marked melon flies that were released on the island of Guam 40 miles away;
in Mexico, we are facing a similar gituation with the Mexican fruit fly, You

- would think that in a country as large as Mexico we would be able to find
isolated places to carry out our experiments, but it is almost impossible.
Now, Greece, I should say, would be situated ideally, with ita many islands,
some of them quite far apart. This problem of isolation is a tremendous
problem: in the south-western United States, for a week or itwo, there were
no screw-worm cases, and then all of a sudden they began to reappear.

M.S. QURAISHI: Talking of sterilizing insects, | was wondering if
Dr. Stone, or any other scientist present, would like to comment on the
chemical sterilants regarding which quite a few papers have appeared in
recent literature.

W.E. STONE: In Mexico, most of our sterile release wark at the pre-
sent time is being done with flies sterilized in the pupal stage with TEPA.
We have a paper in press at the present time, which should appear in six
to eight months in the Journal of Economic Entomology, reporting on the
resulis of release of flies sterilized with TEPA in a ten-acre mango grove
in Mexico. If we had had complete igolation 1 think our results would have
been very much better, but they were so good that for the first time in hig-
tory at that particular grove about 80% of the crop was harvested as acceptable
fruit; in the control area, about a mile away, all the fruit was gone two or
three weeks previously. This product TEPA, which we selected out of some
1500 for development at the present time, is a most promiging material,
though it should be handled with care and we make sure that our workers
use gloves, and when the pupae are dipped we have good extractor fans oper-
ating in the room. We also have chemosierilant stations where we are
testing, but we now have them under guard night and day.

K. van ASPEREN: Do you know of any experiments on the development
of resistance to ionizing radiation in insecte ?

W.E. STONE: No, I do not. There are workers here much more
capable of answering that question than I.

R. von BORSTEL: I know of only one large-gcale experiment in ingects
designed to select for mutations conferring resistance to radiation. This
was an experiment carried out by Bruce Wallace on populations of Drosophila
melanogaster under chronic radiation conditions at such a high level that
population decline waa continuous. Every few generations it was necessary
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to halt the irradiation, build up the population, and begin the irradiation
again. Radiation-resistant flies were not obtained.

R. DELATTRE: The insects mentioned in your paper, Dr. Stone, are
all of the holometabolous type: dipterous, lepidoptercus, etc. Is there
any inherent difficulty in applying this method to hemimetabolous ingsects?

W.E. STONE: I have never been associated with any studies in which
hemimetabolous ingecta have been irradiated. The only cases I know of
are the Lone Star tick, which is not sirictly speaking an insect, and the
scorpion in Mexico. I am sure that other work has been done, but I do not
know who has done it.

H.HUQUE:; Do you know whether any irradiation work is being done
by the United States Departiment of Agriculture on plant quarantine ?

W.E. STONE: ] do not know of any such work in the United Staies as
gsuch, within the continental limits. In the work we did for the United States
Department of Agriculture in Mexico with the Mexican fruit fly and the work
I referred to with the Dacus, the Mediterranean fruit fly and the mango
weevil, all of which was done in Hawaii, the idea of this work was in fact to
develop a possible gquarantine method. But I cannot tell you what, if any-
thing, has been done in the United States itself.
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ERADICATION OF WHITE GRUB (MELOLONTHA VULGARIS F,) BY THE STERILE-MALE TECHNIQUE.
Laboratory tests indicated that an X-ray dose of 3000 r was sufficient to induce sterility in male cockchafers,
During two flight periods, sterilized majes were released among a natural population in order to eliminate
white grobs in a general fanming region of north-western Swirzerland, In 1950 an outbreak of this pest was
reduced by a chemical weannent. Gradation had been watched during every flight from 1953 w 1062,

In 1959 five areas, each with a surface of about 30 ha, were selected to serve ast

(a) The treated area, whers the males were capmred, Irradiared and released;

(b) The "bank,” where cockchafen were collected and the males were imadiated for release in area a;

and

{c) Conwol areas, where undisturbed gradation was observed,

The males were irradiated in a therapeutical X-ray unit, Ivadiated males were hand-painted in ceder o
estimate the ratio of sterilized males by meam of the hiotopic dijution technique.

In 1959, for the fint treatment, sbout 6 1 of sterilized males, representing about 50% of the male popu-
lation, were released-in (a),The white grab infestation sampled in grassland dropped theteafter to about two-
thirds of that in the other aress, The reproduction rate was less than unity only in (). A further reduction of
the population in (a) to obe-tenth of that in (b) and {c) was observed when the nwmber of surviving cockchafers
was estimated in 1062. The greatest mortality from 1959 to 1962 occurred in (a).

In 1962, for the second treamnent, a total of 17 1 of irrsdisted males was released in {a). An lean T8% of
the male population of (2) hed been serilized, The following sampling of the white grub population showed
complete ersdication in (). Some reduction was slto observed in (b) and (c) due to drought in the whole region.

It has been demonserated that the sterile-male technique may successfully be applied to an imsect pest in
an area which is oot strictly isolated geographically, the females of which mate several times and the breeding
of which in lamge masses is not feasible becawe of the long breeding cycie.

ERADICATION DU VER BLANC (MELOLONTHA VULGARIS F.) PAR LA METHODE DU LACHER DE MALES
STERILES. Des emsais en laboratofre ont montré gqutune doee de rayons X de 3000 1 suffir pour suériliser les
banzetorns miles. Des m&les xérilisés ont &¢ lhchés, au cours de denx appazitions, duns une populstion nata=
relle en vue d'éliminer les ven blancs dant une région essentiellement agricole du nord-cuest de la Suise,
En 1950, une invasion de hannetons avait pu e enrayée A 1"aide d'on tzaitemem chimique. L'évolution
ultérieure a £t8 observée & chaque apparition, de 1953 i 1962.

En 1959, on a chold cing zones d'environ 30 hectares chacune, répartes en uofs catégoties:

%) Zone traitée, ol les mAles Eraient captinés, iradids et reldchés;

b) Zone de réserve, ol les hannetons €taient ramaseds, les mBles frradiés er relfchés en a;

c) Zones wmoln, oil 1'on cbaervait 1'évolution naturelle.

L'irradiation des miles était effectuée dans un appareil de roentgemhérapie, Les mfles iradie rece-
vajent des marques peintes & 1a main, afin de pouvolr évaluer 1a propottion de *niles nériles par la méthode
de dilution isotopique.

En 1859, amnée du prewier wraitement, on a reldché en a) environ 8 1 de miles stéritinés, ce qui repré-
sentait prés de 60% de 1a population mile. D*aprés les échantillons prélevés dam les prés, le nombre de ven
blancs eétalt plus par 1a suite que les deux tiers de lewr nombre dams les autres Zones. Le taux de reproduction
n*&rait inférfeur & 1"unité que dans 1a zone a), En évaluant le nombre des hannetons survivants en 1962, on
& constaté que la population de a) €tait ombée A un dixtdme de celle de by #1 ¢). C'est en &) que Ia mortalité
4 €€ la plm €levée entre 1950 et 1962,
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En 1962, aonée du deuxidme traitement, on a reifché en a) 17 1 de males ivadiés. La population mile
de a) avait vé stérilisée dans la proportion d*an moins 76%. Les Echantillons prélevés par la suite om montré
que 1*éradicacion des vers blanca en a) £tait absolue. On a égalemnent observé une certaine diminution des
larves en b) et ¢}, due & la sécheresse qui régnait dans toure la région. |

1 & été démontré que la méthode du iicher de m&les stériles peut &ure appliquée avec succds dans Ia
lutte contre un insecte nuisible qui se trouve dans une région qui n'est pas strictement isolée du point de vue
géographique, dont les femelles s"apparient plmieurs fois et dont I'élevage en masse est impossible en rafson
de la durée du cycle évoludf.

YHMTOXEHAE IFMEOK MAHCKOrO XYHA (MELOLONTHA VULOARIS F.} NMETOLOM CTEPMIMIALMA MYRCKUX
OCOBEA, JaSOpRTOPRNE NONMTMEXRE NOKSIKBALT, YTo mo3s 3000 P ACCTATONHE JIN CTAOPHIMIALMM MyXoNMX
oootelt ualterore xyxa. B TeueHue ABYX BRASTOB CTEDMIMICBAAKMO QBMHN BUMYCWEANCE R BOJD QDEAM
HeOURyUeMAMX DCIYEAUMA XX JMXBHESUMH ADymel B palione 0 HECOCQUAIMAIMPOBAHHMM ceghoRMM xXozxHcTEOM,
paano ] P apaziod Haeftnapun. B 1850 rogy SMpOROe PRCOPOCTPAHENME STHX APeanTexed
Guao PaneHo XMMHKA DH . Cpapypagua HaSIDfafichs RpPA BAsTE o 1953 no 1968 rom.

B 1959 roay OMOM OTBEASKM SATE YNAOTKCR RECEAARM 30 T8, Ha KOTOPMX COSRAIM:

A - yEoDepMMeRTAIMMMA YyyoTON, HA KOTODOM MYECKME OCOCH BUIARIMBANAGE, OGIVUANACE ¥ BN~
NYCKAAHOL CHOBE HA 30ID;

E ~ yS@cTox 3ns pRapezenwi, TAe Malickie FYXM COOMPANMGH, MX MYXCKHE OO0OM OQIYNSXMOD
H BUHOYCHAIMCE HS FUaQTOR A

B - KOHTpODRHK® ydscIxd, rie ABSIDSAMMCE OOAPMBAHNME (@3 SHADHEIrO BMSEATEALITBA.

CaMuy ofiZyualueh HA OSMUAOA TEPAUEBRTHYACKOW DEHTreHoBexol Yorasohxe. OO0JIyYedHNe CAMIE coKpa-
EMEAIMOL BPYSHYD AIR ONPefeXeHHs NPoICPLMH CTEPHIMIORAHHEX CANLOD METOAOM M3IOTCHEGIG PAIBSASNAN,

B 13958 rogy B X3yeoTBe NEPBEOro OMLTA KA YYAQTOK A SMI0 BHRYLEEO OKOZO § & CTEPHIMIDBARHLX
OANIOB, YTC COCTABIANQ ONOXNQ 507. scelt nomyIauMM cemuce. [podk, BafTie © TSCTOMD, ROKAIADM, FTO
SAPANEEAS XPYWAMM COKDERTAAOOE NPHOIMONTEASHO HA 1/3 10 GCPARHEHMD o ADFTUMH YYACTHANA. KootdH-
[MeAT P4IMHOTEHNA CHN MeNLEe SAMHEWLN Todeko HAa yddeTra A, Korga B 196% roay owIm npodamegena
CLSRKA QUONA BREEMBIMX MAMcKuX FYNOB, TC HA YUROTKe A SHEC OOHADY aaasHeloee com no-
nyXstuw Ha 1710 no ocpasnenup o yvaoTwauu E u B. HAaugomsmAs cwepTHOSTE ¢ 1959 Ao 1962 roas us-

SIDfarachk HA yuactxe A.

B 1962 roay AAX BTOPCIO ONKTA HA yuacTie A OMEC BEDymeno L7 & ofAyyesHkx camnos. [o neusmed
Mepe, 16% NOTYLADMA CAMNOR EE YVACTKe A OHIO oTePUIM3ORAaRO. NOCHeRYINes GODeNSISHME® IOOYEADKE
pymeH DokmaANO Bx DodNOe WCTERECHeNMS Na yyaorxe A, HexoTopoe coxpamenMe sa0inIafoohs TANES HA
yuacrrax E v B B peayuanTaTe 3M0¥XM D ZTOM padoue.

BHEC NOKAIRRO, WT0 MeTOZ CTELHMEMJALMH CBMIOE MOXET £ Yonexod OPMMedasThCH HR YUAQTKS Oea
erporcil reorpagMueorslt MIONEDMM ZAR COPBOH 0 HACEKOMMWH-BROAMTELAMM, CBMEW EOTODMX CEHPMBADTOX
00 HeOHOILXY Pas B CEIGH M PaiPeZenHe KOTOPMX B OSOTROMX MOIMYECTRAX EAOCYMOCTEMMC BBHEY 3IHATM-
TeIsHcl FPOICITMTELBROCTA 1HMKIS HX BHESLEHWE. N

ERRADICACION DE LA LARVA DEL ABFJORRO {MELOLONTHA VULGARIS F.) POR LA TECNICA DE LOS
MACHOS ESTERILIZADOS. Ensayos realizados en laborztorio indicaron que pata esterilizar a lot abejorros
machod basta con una dosis de rayos X de 3000 roentgens. Durante dos perfodos de vuelo s soltaron machos
esterilizados en una regidn agricola del norceste de Suiza con objeto de erradicar las larvas. En 1950 esta
plaga habfa sido combatida con procedimientos quimicos, Entre 1953 y 1962 se observd La actividad en todos
log vielok,

En 1959 s¢ seleccionaron cince zonas de 30 hectdreas cada una que sirvieron de;

#) Zona de tatamiento, €o la que se capturaron, irradiaron y soltaron maches;

b) Zona de reserva, on la que se recogieron abejorros y se irradiaron machos que se aolwaron en a);

¢} Zonas de control, en las que se cbaervd 1a actividad normal.

Lot machos fueron irradiados con un aparato terapéurico de rayos X. Después de la irradiacién se les
puso una marca de color para podet calewlar sa porcentaje mediante 1a técnica de dilucidn isorSpica.

En 1959, durante el primer tratamiento, se.scltaron en la zona & unos B 1 de machaos esterilizados, 1o
que representaba aproximadamente el 50% del total de machos de dicha zona. La cantidad de larvas recogidas
en los prados después del watamiento representd unos 2/3 de la correspondiente a las zZonas de contzol. La
razin de reproduccion 36l fue inferior a 1a unidad en la Zona ). Cuando se calculd, er 1962, el nimero de
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abejorros supervivientes se observd que en 1a Zona s habfa disminuido hawa 1/10 en comparacidn con las zonas
b) ¥ ). De 1059 a 1962 la cifta mds elevada de mortalidad se observs en 1a zona a).

En 1962 se procedid en esta zona a wun segundo tratamiento para el que se soltaron 17 1 de machos ima-
diados. Se habia esterllizado el 76% por lo menos de los machos. El nuevo muestreo de larvas demosted
que en ls Zona a)el exterminio habfa side completo. Debido a la sequia que reind en toda Ia regidn se obser-
varon también dinninuciones en las Zonas b) ¥ ¢),

8e ha demostrado que la técnica de lot machos esterilizadot puede aplicare con éxito a imsectos de una
regidn que no earé esgictamente aislada desde el punto de vista geografico, cuyas hembras copulen varias
veces, y que no sea posible criar en grandes cantidades debido a 1a largs duracién de su cicla de reproduccidn,

0 INTRODUCTION

The literature of genetice and cytology dealing with the effects of
radiation on insects have been reviewed by MULLER (1940, 1941} ([16,17],
LEA {18417} [14] and CATCHESIDE (1948)[4]. Valuable reviews of the liter-
ature on the action of ionizing radiation on insecis, each including more
than 200 references, have been given by HILCHEY {1957) [6] and GROSCH
{1962)[5). According to the findings reported, X-rays and gamma - rays
cause gsimilar effects. The extent of the changes in the germ cell depends
on the dosage, Extreme doses cause the cell to degenerate. Less extensive
clianges may not prevent the sperm from fertilizing an egg, but the zygote
usually dies in the embryonic stage. Mutations that prevent the survival
of the fertilized egg are dominant lethal mutations. While the males ir-
radiated at dosages sufficient to induce dominant lethal mutations in all the
germ cells are for practical purposes sterile, since their progeny dies as
emhryos, they are not, technically speaking, truly sterile, because they
are still capable of producing sperm which fertilizes eggs.

Of greatest economic importance is the extensive work done on the
screw-worm, Callitroga hominivorax,by BUSHLAND et al. (1951,1953)(2,3],
BAUMHOVER (1955){1], KNIPLING (1955)[12], and LINDQUIST (1955)[15].
Most of the extensive irradiation research on Colepptera concerns pesis
of stored products, Only a few pests of field crops, e.g.bollworms, weevilsg,
cane and corn borers, have been considered so far [13].

01 Biology of. the cockchafer {Melolontha vulgaris F.)

In the regions concerned, most individuals of a natural population re-
quire three years for their development from egg to adult. The flight period
of the adult cockchafer is concentrited in a few weeks every three years.
During their flight, which usually starts about 20 April and continues through
May and June, the beetles gather along the edges of or inside woods. Trees
with deciduous foliage, such as oak and beech, are preferred host plants.
After feeding for a short preoviposition period and mating, the females re-
turn to the adjacent fieldg. Oviposition cccurs preferably in grassland.
The chief crop losses have to be expected in the first and sometimes in the
second year after the flight period. White grub damage mainly affects root
vegetables, such as potatoes and sugar beet, strawberries and nurseries.
Metamorphogis is completed in the summer of the second year after flight.
The beetles hibernate in the 80il near their exuviae at a depth of 20- 30 cm.
In the spring of the third year after the flight period, the three-year cycle
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starte again with oviposition. The appearance of the first beetles may be
predicted precisely by a calculation based on air temperature, The daily
averages above + 8°C, beginning from 1 March, are added and when the sum
of 256 + 16°C is reached, the first mass flights can be expected (HORBER,
1955) [8). A special behavioural feature favourable to the application of the
sterile~male technique is the appearance of males in large numbers in ad-
vance of the females. A natural separation already takes place in the soil,
most likely as the result of a differential threshold of sensitivity to soil
temperature as hetween the two sexes (HORBER, 1955) [8].
females, sometimes in proportions up to 40: 1, in catches in light traps
operated during the first hour after sunset (Table I). This artificial pro-
cedure superimposed on the natural separation yields a predominantly male
fraction that consequently may be sterilized and released before the ap-
pearance of the females. '

On the other hand, it has to be taken into account that each female is
likely to mate several times. It has not, however, been proved that several
matings are neceasary or of biclogical significance in increasing reproduction.

TABLE I

SEX RATIO OF COCKCHAFERS OBSERVED IN A LIGHT TRAP

195% VENDLINCOURT 1962 'LLES TAYES!
Evening | Cockchafers Tapped Ratls § Evening | Cockchafers wapped Ratio
operared M/ operated M/F

Males | Females Males | Females
t May 10 35 0.3 3 May 7 26 2.7
7 20 45 18 7 116 a5 3.3
g T 3 4.0 12 143 142 L0
9 a4 1 4.0 16 718 210 3.1
10 43 7 6.1 21 294 205 14
19 2 . - 22 65 85 0.7
Total s03 | 19 25 | Toat 1408 | 703 2.0

02 Conventional methods of controlling cockchafer and white grub

Both chemical and mechanical means of controlling this pest, in either
the larval or the adult stage, are available. Several cultural methods of
preventing white grub damage are recommended (HORBER, 1954, 1958, 1961)
[7,9,11]. In a number of Swiss cantong the collection of May beetles had
been declared obligatery and has been carried out in some places for a
century or even longer., Since 1948, several attempts have been made on
a large scale to eradicate the cockchafers by treating the woods and also dis-
persed trees preferred as food with insecticides.Compounds based on lindane
proved to be the most effective and were therefore widely uvsed. Insecticidal
treaiments on a large scale during a short flight period require the avail-
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ability of a considerable number of atomizers or, in difficult country, of
aireraft. Very close co-operation among a well-trained technical and bio-
logical staff is necessary.

1 LABORATORY EXPERIMENTS ON THE NECESSARY X-RAY DOSAGE
AND IRRADIATION EFFECTS

11 Material and methods

From 1955 to 1958 samples of cockchafers were taken in three different
regions of Switzerland. They were obtained in March and April by digging
them out of their hibernation sites. They were kept at temperatures helow
+ 8°C. No food was provided before treatment, The irradiation was per-
formed by the staif of the radiobiological laboratory of the Zirich Cantonal
Hospital. The X-ray apparatus used was a Siemens ''Stabilivoit'' operated
at180kV and 6 mA. During the exposure the beetles were confined to a plastic
phantom in lots of about 3040 60. Before and after treatment they were kept in
lots of about 20 in small tin or aluminium cans refrigerated at 4-6°C. The boxes
were {illed with wet sawdust. They served equally well as transport containers.

In order to measure fertility the irradiated males were exposed in cages
along with an aliquot of unsterilized females. The fecundity of females after
mating was measured by counting the eggs laid into the soil layer exposed on
the bottom of the cages. Fertility was recorded by exposing equal batches
of 20 - 25 eggs in wet soil or vermiculite in Petridishes at 20°C. The young
white grubs were counted and removed at regular intervals.

12 Resulits

The X-ray dogages administered are tabulated against fecundity and
fertility (Table II}. It waes established from these counts by interpolaticon
that 3000 r would be the minimum dose required to cbtain at least temporary
sterilization. Since mortality and behaviour during copulation were not
appreciably affected up to a dosage of 20000 r, it was assumed that it would
be safe to administer a dosage within the range 3000 - 5000 r..

2 APPLICATION OF THE STERILE MALF, TECENIQUE TO A NATURAL
POPULATION

21 Material and methods
211 Selection of the gites servingwas treated, comirol and "bank" areas

An opportunity to apply the sterile-male technique to a natural popu-
lation of the cockchafer was recognized in the Ajoie {Canton of Berne) where
gradation had been observed carefully since 1953 in an area measuring about
2500 ha. In 1950, an insecticidal treatment had been performed in the
same district in order to control an outbreak of this pest. In the subsequent
flight periods a gradual regression has been obaerved (Table Iil, Figs.1 and 2).

Five different areas were selected, each containing about 30 ha of arable
land, with 13 - 15 ha of grassland and other field crops and adjacent to
woods. Each area was selected to be at least 3 - 5 km from the next in
order to minimize the possibility of migrations. The main eriterion for



318 E. HORBER

TABLE IT

EFFECT OF IRRADIATION ON REFRODUCTION
OF THE COMMON COCKCHAFER

% d Mutnber of Number of eggs
-ray dose url _
Year applied irradiated laid by an aliquot Eggs hatched
males number of non-~ )
« irradiated females
1955 0 27 83 56
5000 27 -] 0
10000 27 84 0
20000 27 84 0
1856 0 30 280 ) 10.7
1000 29 160 1.9
2000 28 128 1]
4000 28 95 0
8000 29 7% 0
1957 0 84 307 45
2000 60 837 8.7
1958 0 65 205 58.6
2000 83 263 a3
4000 62 B4 0
TABLE II

GRADATION OF COCKCHAFER AND WHITE GRUB POPULATION
IN THE AJOIE FROM 1950 TO 1962
{Average number per m2 in the whole region)

Year 1950 1953 1956 1959 1962
Cockehafers . 4.9 2.05 0.69 0.91
White Grubs 50.6% 15.8 13.96 1.50 0.48

¥ SCHENKER 18]
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Gradation of white grub population 1950 to 1962

Average number of white grubs per m? based on 350 sampling units
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Gradation of cockchafer population 1953 to 1962

Average number of cockchafers per m 2 based on 928 sampling units
in 1953, 864 in 1956, 800 in 1959 and 688 in 1862.

pelecting these areas for the field trial was a moderate populaiion density

both in the area to be {reated and in the untreated or control areas, with

a higher density for the area selected as the 'bank'. In the description

below these areas carry the following designations (see Fig. 3):

Area A, the treated area, where males were captured, irradiated and re-
leaged (Vendlincourt);

Area B, the "bank', where cockchafers were collected and the males ir-
radiated for release in area A (L.es Tayes});

Area C, the control area, where undisturbed gradation was cbserved
(Alle =Cy, Coeuve=Cz, Lugnez=Cy).

212 Description of the areas selected for the field experiments 1959-62

The rural district surveyed since summer 1950 is situated on the north-
western foothills of the Bernese Jura ranges. The terrain stretches over
a rolling landscape underlaid by Jurassic limestone and ig irregularly dotted
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Fig.3

Field Experiment 1858 to 1962

Boundary lines -. ~. - of areas A {sterilized males released, B(bank),
C1-a(controls),with posidoss of grassiand plows indicated,
in each of which 16 sampling uniw of 0.25 m? were dug
in order w esdmare white grub and cockehafer populations.
5mall numeraks indicate zltitude{m above sea level).

with dolines, marked with ocaks, beeches and cherry-trees, 'The altitude
ranges from 420 {o 520 m above sea-level. The villages are situated at the
hottom of the valleys. The tops of the hills and some of the steeper slopes
are wooded. The whole region is surrounded by woodland, Intensive
farming is confined to the bottoms of the valleys,while in the higher grass-
land and pasture areas the arable land is predominantly planted to wheat,
oats and barley. The so0il consisia of renzina, loam and sandy leam. Horse-
breeding has been a .traditional activity in this district.

The treafed area A is asituated near Vendlincourt. On three sides it is
surrounded by woodland while to the west it is separated from the neighbour-
ing farmland by a belt of poorly drained grassland. The enclosed area,
measuring about 30 ha of open land with 14 ha of grassland, is marked out
from the cther areas by its lighter sandy-loam soil. During our first survey
in 1953, we noticed that the mortality of the cockchafers between oviposition
and flight was lowest in that area (Table IV). Farmers in that region
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TABLE 1V

MORTALITY CALCULATED BY COMPARING
COCKCHAFER POPULATION WITH WHITE GRUB POPULATION
AFTER THE PREVIOUS FLIGHT PERIOD

Period of observation
Area 1953 - 56 1858 - 195¢ 1959 - 82
A 8.9 87.6 68.8
B 84.1 91.2 83.1
c 89.7 95.8 43.8

observed that this Boil was also a preferred hibernation site for the
Colorado potate beetle {Leptinotarsa decemlineata Say). We therefore sur-
mised that this area might possibly serve as an infestation centre from
where outbreaks of the cockchafer may spread over the surrounding areas.

The adults emerging from the grassland in this area collected along
the border of a triangular wood, One corner of this border is raised on
the rim of a hill and protrudes towards the open area; it is therefere highly
attractive to the emerging beetles, The wood consists of oak, beech, cherry-
trees and poplar, which are preferred food trees,

The "bank" area B has & unique topographical situation in that it con-
gists of a group of small woods called "Les Tayes''. Situated on top of a
hill, they attract the cockchafers from all directions over a great distance.
Although the soil of the surrounding fields consists of renzina, which is
not good breeding ground for white grub, cockchafers emerging from several
100 ha of the adjacent slopes are attracted to these woods. As these contain
preferred food trees, they act as bait and consequently great masses of
beetles may be ‘collected along their bordera.

The controlareas C: Threeareas situated near Alle, Coeuve and Lugnez
respectively were selected because of the similarity of their topographical
situation and the renzina soil they hate in common., The fields and grass-
land from which the beetles emerge are gituated on slopes topped with wood-
land. Near Alle the slope is exposed to the south, near Coeuve it is situated
to the west, while near Lugnez a amall wood stretched out along the top of
a ridge attracts beetles from both hillsides, In many fields of these areas
the underlying limestone of the Jura formation is barely covered by a thin
renzina layer and the are therefore exposed to drought conditions sooner
than the areas A and B.

Sectors of about 30 ha of cultivated surface together with the adjacent
wood in each of these three districts were considered as control areas,where
the undisturbed development of the population was observed from 1853 to
1962,

21
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213 Estimation of the cockchafer and white grub populations
Several weeks before the flight started the population density was esgti-

mated by digging and searching through about 800 sampling units each con-
giating of 0.25 m2 of surface area down to a depth of 20 - 40 cm. Between
112 and 256 such sampling units were dug in each of the five areas, de-
pending on their size. The samples were grouped and classified according
to the distribution of grassland in the area. In each area 7 - 16 plots of
grasaland or fielde of about 0.4 - 0.6 ha surface were sampled. In each
plot 16 random 0.25-m2 sampling units were averaged. The number and
sex of beetles were recorded separately for each plot.

In 1959 the procedure wag repeated in order to estimafe the white grub
population during late summer and autumn of the same year. The sampling
units were dug in the same plots and fields as in the previous surveys. The
plots were numbered for identification purposes and their size was marked
on a sketch-plan for each area and also on 1: 25 000-scale survey maps for
the whole region of operations. The figures in Tables IIl and IV have been
compiled from a total of 6900 sampling units.

Thesge counts served for the caleculation of
{a) The population density of cockchafers just before the flight period,

their sex ratio and their distribution over the area.

{b} The population density of white grubs after the flight period and their
distribution owver the area.

{c) The rate of reproduction after the flight period, obtained by dividing
the number of white grubs counted ih a given plot or area by the number
of cockchafers counted in the same plot or area before the flight period.

(d) The mortality in the three years between successive white grub or cock-
chafer counts,

214 Labelling procedures
The cockchafers collected in the area A or B by shaking their host trees
or by operating light {raps were confined in wire cages and transported to
the field laboratory. There they were sexed and the males were marked
with a leather dye, This consisted of an adhesive pure-white base with
which other colours could be mixed. The beetles were labelled individually
by applying the dye with small brushes as spots on the thorax or on the last
abdominal tergum. When sufficiently dry, the beetles were packed into
cardboard boxes in lots of about 200. These boxes were filled with wet ver-
miculate and then refrigerated to +4 - 6°C,
In 1962 the females captured in areas A and B were«labelled with
P¥_ The following large-scale procedure was adopted. A solution of
8.9ml NaHg PO, having an activity of about 40 me at 4 p. m.on 2 May was
diluted with 5 1 water and mixed with 10 1 vermiculite, This mixture, con-
taining 2.65 yc/ml,was poured in a plastic container with a cover. The
female cockchafers were added to this labelling mixture in lots of several
‘hundreds at a time. The beetles stayed in the mixture for a day, during
which time the container was thoroughly shaken and rolled at intervale in
order to secure complete contact between the beetles and the radioactive
mass, When measured with a portable & - 8 -+ survey-imeter {Tracerlab
with a TGC-6 Probe) the freshly labelled beetles showed activities ranging
from 200 to over 2000 counts/min. A count of 100 counts/min in an indi-
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vidual was regarded as sufficient to distinguigh between labelled and
unlabelled beetles during screening procedures under unshielded conditions
in the field, with a background of 30 - 50 counts/min. These P3-labelled
females were released only in area B.

215. Irradiation procedurecs

The beetles were gtored and trangported as indicated in sub-section
214 shove to the nearest X-ray unit, which was at the Biirgerspital, Basle,
80 km from the field laboratory. The heetles were exposed in lots of
400 - 600 at a time., They remalned in the same boxes of 13 X18 ¢m surface
by 5 cm depth for the whole trip, including exposure, until they were re-
leased in the fields. The X-ray unit used was a Siemens ''Stabilivolt" oper-
ated at 200 kV and 20 mA, The focus digtance and irradiation time were
set for a dose-rate of 665 r/min or a dosage of 3325 (Fig.4) (Table V).
Simultaneous dosage measurements were supervised by the radiophysicist
of the Institute of X-ray therapy at the University of Basle. Each trip to
and from the X-ray unit, including irradiation, tock about four or five hours.

TABLE ¥

ESTIMATE OF THE COCKCHAFER FOPULATION BASED ON SAMPLING
IN GRASSLAND BEFORE THE FLIGHT PERIOD 1959 IN FIVE AREAS
OF THE AJOIE FIELD EXPERIMENT

f
Nutmnber of Average number o Maximum quantity of males
Area cockchafers
plots sampling per m? expected(l)
units

A 18 256 0.48 52

10 150 1,15 > 1000
[#4] 6 96 0,12 16
c, | 7 112 0.54 65
Cy 7 1z 1.00 130

216 Release of the irradiated cockthafers

The irradiated and marked males were usually released during the
evening of the same day in area A, As the maximum flight activity of the
natural population started twenty minutes after sunset, the irradiated beetles.
were released from the refrigerated cardboard boxes and poured into large
wooden cases filled with a handdeep layer of coarse, moistened sawdust so
ag to be ready at sunset. In some exceptional cases we had to postpone the
releage to the next morning as the resuit of delays in handling or bad
weather during the evening,

The releasing cases were exposed in grassland st about 250 m from
the nearest border of wood described in sub-section 212, These cases were
camouflaged with oak or beech twigs. As an example of guch a release,
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X-RAY UNIT

35cm | FOCUS -DISTANCE
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DOSE~RATE

Fig.4

Ireadiation of male cockchafer for sterilization

Position of desimeter during dosage measurements
between two cardboard boxes each containing 200 males
embedded in moistened vermiculite and kept helow +8%C.

the one carried out on 12 May 1958 may be described. At 11.30 a,m. a
total of 1504 males.were exposed for release. Of these, about 850 left the
cases during the first half hour. About 180 of them could be counted
arriving-at a prominent corner of the wood. Sunshine and a light northerly
wind prevailed at this time; the temperature reading 2 m above the grass
wag 22°C.

At regular intervals the cases were checked for dead and remaining
live males. The mortality was recorded. According to the counts taken at
three different dates during the 1959 operations 89 - 94% of the beetles had
left the releasing place on their own wings, The corresponding figures for
the releages in 1962 were 74 - 88%. Bats and birds were consuming con-
slderable numbers of cockchafers.

22 Resulta
221 Recapture of labelled males

Of 3109 males releasedin 1959 in area A, 202 individuals or 6,5% were
recovered in light traps or collections along the woods., The corresponding
figures for 1962 for the same area were: 8594 males released, of which
90 or 1% were recovered. Of the 2571 cockchafers labelled with dye and
released in 1959 in area B, 22 or 0.9% were recaptured. ™ -Of the 6231
females labelled with P32 in 1962 in area B, 288 or 4.6% were recaptured.
In 1959 the beetles in the two adjacent areas A and B had heen labelled with
different colours. In 1962 the males released in A were lgbelled with dye,
whereas the females released in B were labelled with P32,

No migration waa observed in the two years either hetween these two
areas A and B, or between those and any of the areas C.

222 Ratio of sterilized to normal cockchafers

Males were recaptured in the area in order to calculate the ratioc of
sterilized to normal cockchafers. During the peried 10 - 14 May 1859
3109 irradiated maleswere released. In a sample of 514 beetles collected,
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182 or 37.4% were labelled. For the last period recorded from 12 to 14 May
1959 the corresponding ratio was 52%. In 1962, for the first period recorded
from 8 to 12 May, this ratio was 15 labelled to 18 recaptured or 83.3%. For
the following period from 13 to 17 May 19682, the ratio was 30 to 30 or 100%.

223 Estimate of the cockchafer populations b& the isotopic dilution {echnique

Cockchafers were recaptured in areas A and B in order to verify the
estimates of the population as obtained by the sampling before flight had
started. The formula used to calculate the population feeding and mating
on the borders of the woods by the isctopic dilution technique was:

Q= ql{ni/r)-1]

where Q = total number of individuals of the population;
g = total number of released and labelled individuals;
n = percentage of normally behaving individuals among total number

releaged; _

1 = percentage of labelled individuals among total nimber released;
and

r = percentage of labelled individuals in samples taken after releage

and intermingling.

The number of beetles released had to be corrected for those which lost
the label, died o remained in the cases, The correction factor 1 was deter-
mined by the persistence of the label on the cockchafer. The persistence of
the label had been checked at regular intervals on the cockchafers remaining
in or near the releasing cages. The percentage of cockchafers which lost
their labels could be reduced from 36% at the start of our operations to 0.2%
at the end of them, with an average of 6%. The vitality of the released cock-
chafers is discussed in sub-gection 215.

The estimate of cockchafer population may be compared in Table VII
for the areas A and B in 1959 and in Table VIII for the same areas in 1962.

224 Effect of the first release of sterile males in 1959 on the subrequent
white grub population

A remarkable reduction in the white grub population wae obvious after
the first release in A {gee Table IX}. 'The average number of larvae was
0.28/m?2, All plots had infestations far below 20/m?, which may be regarded
ad a reliable indication of no damage in grassland. The white grub
Population in A dropped to 1/5 of that in the control areas and to 1/18 of that
in area B.

The rate of reproduction calculated was less than unity in A, whereas in
B and C the population had increased by factors of 2.8 and 2.7 respectively.

225 Eifect of the second release of sterile males in 1962 on the subsequent
white grub population

In 1862 not a single white grub was found in A. The number of cock-
chafera had increased in the other areas (see Table VI) as a result of an
unusually low mortality rate in the period 1959 - 1962 (gee Table IV), but
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TABLE VI

ESTIMATE OF THE COCKCHAFER POPULATION BASED ON SAMPLING
IN GRASSLAND BEFORE THE FLIGHT PERIOD 1962 IN FIVE AREAS OF
THE AJOIE FIELD EXPERIMENT

Area Number of Average number of Maximum gquantry
plots sampling cockchafers of males expected
unirs per m? (4)]
A 12 196 0.1 13
B 10 180 1.8 > 1000
c, 8 48 04 52
C, 8 124 1.2 156
C, 10 180 14 182
TABLE Vi1

ESTIMATE OF THE COCKCHAFER POPULATION IN 1955 IN THE
AREAS A AND B DURING FLIGHT BY THE ISOTOPIC DILUTION
TECHNIQUE BEFORE THE FIRST RELEASE OF STERILE MALES

Period Individuals Labelted Carrection( ) Proposdon of Estimated
Area of Sex released individuals factors labellad population
observadon recapured n 1 Individuals {Neo.) (1)
o) (o) )
A =14 May - 3109 130 82 94 17.1 12620} 25
Q 1619 7E - - il.1 14034 | 22
Torals 4728 202 - - 14.2 28144 47
8
B 10«14 May o ] 0 - - 0 TAZEE 147
g 25671 22 97 24 5.7 3gssT| 17
Totals 2571 22 - - 1.98. 116722 | 288

{a) Gorrectdon factorr n=9% normally behaving individuals among toral releasad,

1=% labelled individuals among total released.

{b} Estimate based on sex rade of recaptored individuals o £ = 1.9.

flight and oviposition were severely restricted by the unusually cold spring of
of 1962, Egg development and hatching were prevented by drought. The
reproduction rate in the whole region dropped below unity. The differences
in infestation as between A and the other areas therefore appear less
remarkable than they might have done.
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TABLE VIII

ESTIMATE OF THE COCKCHAFER POPULATION IN 1962 IN THE
AREAS A AND B DURING FLIGHT BY THE ISOTOPIC DILUTION
TECHNI}UE BEFORE THE SECOND RELEASE OF STERILE MALES

Period Labelled Correction{® | Proportion of | Esdmated
Individuals .
Azea of Sex released Individuals factors labelled population
observarion recapured n 1 individuals {No.) (i)
= | R (%)
A 4-16 May o 8594 90 91.8 93.5 76.2 1699 (3.8
2 L] ] - - 1] 2005 (4
Totals 8594 11} - - a3.8 3704 (7.8
B $-28 May o a 1] - - 0 24271 | 48
e 8231 288 98.3 | 9l.2 16.4 27814 | 56
Totals 6231 288 - - 9.58 52085 |104

{a) Cormection factor: n=% normally behaving individuals among total released.

1 =" labelled Individuals among total released.

(b) Estimare based on sex ratio of recapmred individuals o; 2 =1.8,

3 DISCUSSION

31 Prospects for successful application of the sterile-male technique to
the elimination of white grub

Although it is possible to rear white grub and cockchafers in the labora-
tory, with the aid of a recent technique, in a shorter time than in nature
(HORBER, 1959[10] } it will hardly be poseible to produce them in quantities
large enough to outnumber the males of a natural population.,

The basic girategy would be fo capture males in areas where they are
readily obtainable in large numbers and, after sterilizing them, to release
‘them in the areas to be treated.

Thus the release of radiation-sterilized males enters the picture where
a population is at a moderate-to-low level, either as a consequence of a
regression in the course of natural gradation or following a more or lese
successful application of the other control measures. Even if not feasible
for use alone, the method might be of importance in combination with others,
Sterilized males might, for instance, be released to apply the coup de grice
ito a population that has already been depleted by other control measures
and in which the survivors could not be further reduced by any other prac-
tical means; or this technique might be usefully .applied to a population in
the prodromal stages of an outbreak.

It is believed that this technique would not upset the natural balance or
do direct harm to beneficial insects, bees, birds or fish, as has frequently
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TABLE 1X

EFFECT OF THE FIRST RELEASE OF STERILE MALES IN 1959 ON
THE SUBSEQUENT WHITE GRUB POPULATION.

Estimate of the white grub population and of the rate of reproduction

Number of Average number of of
Area plots [sampling white grubs mp;kzrucm
unfts per m?

A 14 224 2.29 0.52

B 15 240 5.51 2.81

C; 7 112 1.28) 12.00)

s g | 128 2.81 ; 1.55 6.29 ; 278
Cs 13 208 0.87) 0.74 )

TABLE X

EFFECT OF THE SECOND RELEASE OF STERILE MALES IN 1962 ON
THE SUBSEQUENT WHITE GRUB PGPULATION

Estimate of the white grub population and of the rate of reproduction

Number of Average number of Rate of
Area plots |sampling wt:: :.n’ﬂn reproduction
unfts
A 15 240 0 ]
B 11 176 0.9 .77
c, 8| 128 0.41 ) 2.80)
cy | 0| 160 0.78 ; 0.67 0.82 ; 0.8
C) 10 | 180 0.50 ) 0.36 }

=
been observed after chemicel treatmenta. No insecticide residues in grass
and milk, nor off-flavour in potatoes or in other crops, need be expected,
in contragt to experience with chemical treatments. This technique might
also be useful in areas where cockchafers or white grubs have developed
a high degree of resistance to ingecticides.

32 Future problems

In the field experiment reported, the irradiation unit was situated far
away from the release point of sterilized males. The irradiation time wag
therefore limited by the transport facilities and by the short time the unit
was available for work with cockchafers, usually only at the end of a tight
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schedule of the daily routine of X-ray therapy. The desirability of obtaining
a moblile irradiation unit, with no other obligations while on duty for steril-
izing work, is emphasized., The unit should be available in the immediate
neighboturhood of the points of release. It would allow larger masses of
insects to be treated in a much ghorter time, This would enable larger
areas to be covered cor alternetively to be ireated at higher infeatation
levels.

Furthermore, the basic strategy has to be considered and differentiated
in a higher degree according to the ecological conditions or the farming
systemn encountered in the area involved,

In cur future work with cockchafer we plan to differentiate between
areas with highly susceptible crops from other which tolerate a moderate
degree of infestation. Areas where plants of zero tolerance are grown, e, g.
potatoes, sugar beet, sirawberries, vegetables, vineyards, orchards and
nurgeries, must be very carefully protected from white grub damage, Such
areas have to be protected by an immediate reduction in the white grub popu-
lation in the course of a single season. Thig involves manipulating the
irradiation dosages so a8 to ensure a safe permanency of sterility in re-
leased males. In areas with grassland, cereals or other crops, which in
contrast tolerate a higher infestation level, or where the cultures suffer
from white grub damage only in the following season, the permanency of
male sterility might be neglected in favour of the possibility of spreading a
fair amount of sub-lethal genes among the surviving white grub population.

With regard to cockchafer and white grub, a field of application of the
sterile-male technique appears to be in Alpine valleys, where the require-
ment of geographical isolation is usually fulfilled to some degree, Where the
terrain is difficult for the conventional control methods, and where the
cultivated area is mostly limited to the bottom of the valley and is too small
to support the high costs involved in treating the extended forests on both
glopes. Sterile males released at well-chosen points would presumably
operate better, by finding females and destroying their fertility in barren
areag,than any surface-bound or airborne carrier of insecticide,

However, many more details of the sterile-male technique ag applied
to cockchafer, or any other insect pest, remain to be investigated more
carefully. Thus if seems reasonable for leading workers to give such pro-
jects high priority in their schedule.of activities, since this appears to be
not merely another ingenioua device of biological and technical progress in
pest control, but in many respects a potential breakthrough,

33 Epidemiclogical studies facilitated by the sterile-male technique

It will be interesting to study the manner and speed with which areas
such ag area A, where white grub has disappeared after repeated releases
of aterile males, become reinfested. Does reinfestation depend on immi-
gration or on the multiplication of a few survivors? Another Interesting
task would be to determine the minimum size for viability in an area of
a cockchafer population.
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4 SUMMARY

Laboratory tests indicated an X-ray dose of 3000 r to be sufficient to
induce sterility in male cockchafers., During two flight periods, sterilized
males were released among a natural population in order to eliminate white
grub in a mixed farming region of north-western Switzerland, In 1950 an
outbreak of this pest was reduced by a chemical treatment. Gradation has
been watched during every flight from 1953 to 1962,

In 1958 five areas, each with a surface of about 30 ha, were selected
to serve as;

A treated area A, where males were captured, irradiated and released:

The "bank', B, where cockchafers were collected and the males were

irradiated and released in A ;

Three control areas, where undisturbed gradation was cbserved,

The males were irradiated in a therapeutical X-ray unit. Irradiated
males were handpainted so that the ratio of sterilized males could be esti-
mated by the isotopic dolution technique.

In 1959, for the first treatment, about 6 1 of sterilized males were re-
leased in A, representing about 50% of the male population. The white grub
infestation sampled in grassland dropped thereafter to about 1/5 of that in
the other areas. Reproduction rate wag less than unity only in A. A further
reduction of the population in A to 1/10 of that in B and C was observed when
the number of surviving cockchafers was estimated in 1862, The greatest
mortality from 1859 to 1962 occurred in A,

In 1962, for the second treatment, a total of 17 1 of irradiated males
was released in A, At least 76% of the male population of A was sterilized.
Subsequent aampling of the white grub population showed complete eradi-
cation in A. Some reduction was also obzerved in B and C as a resuli of
drought in the whole region,

I has been demonstrated that the sterile-male technique may suc-
cessfully be applied to an insect pest in an area which is not strictly isolated
geographically, the females of which mate several times and the artificial
breeding of which im large gquantities is not feasible because of the long
breeding cycle,
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DISCUSSION

M. FERON: I would like to mention that the cockchafer ig a particularly
favourable insect for this type of experiment, Professor Stone indicated
earlier that a strict isolation of the areas concerned is needed in order to
obtain success * . In the case of the cockchafer, the femmale comes out of
the fields to go to the trees for mating, and afterwards it goes back exactly
the same way in order 1o oviposit, The movements of the females are thus
restricted and this insures a certain behavioural isolation. The males, of
‘course, do not behave in the same way, since they do not lay eggs. 1think
this contributes considerably to the success of such an experiment.

E. HORBER: That is quite correct. The behavioural atudies of my
colleagues Couturier, Roberts and Schneider show that at moderate popu-
lation levels behavioural isolation can he obtained even without geographical
isolation.

W. KLOFT: In regard to the sgx ratio of cockchafers, the figures in
Table I show more males than females. Several times in Wirzburg we
collected Melolontha vulgaris and we always found an exact 1:1 sex ratio.
But in your case the insects were caught with light traps. Perhape that
explains the different results obtained.

E. HORBER: Yes, these figures given in my report apply only to
ingects caught in light traps, during the flight period; moreover, they are
possibly peculiar to the locality where the light trap was operated. The
gex ratio of a natural, undisturbed population can beet be checked by digging

* See discussion of STONE, ,W.E., Effects of lonizing radizrion on imsects and other arthropods,
these Proceedings.
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the beetles out just after metamorphosis during the autumn, before the flight
period. The ratio may then be expected to be exactly 1:1. In our survey
work during many years at different localities it was alwaya exactly or very
nearly 1:1 as verified by the x2test. During the flight period, however,
a continuoug dynamic process is going on whereby the sex ratio may change
very rapidly depending on several factors, e.g. phase of oviposition, higher
mortality rate of the males, etc,

G.B. VIADO (Chairman): In the Philippines we have several gpecies
of white grub which are very destructive to crops. Extensive surveys were
carried out many years ago because of the damage they do to sugar cane,
We collected sacke full of these adult beetles by ghaking themn from trees
and shrubs and we found a sex ratio of about 2 : 1 in favour of males.
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Abstract — Rénmmé — Anmoramma — Resumen

A TECHNIQUE OF CULTURING THE QLIVE FLY, DACUS QLEAE GMEL., ON SYNTHETIC MEDIA UNDER
XENIC CONDITIONS. Five generations of Dacus oleae have been cultured on an agar-dehydrated carrot
bage medium thar cottains an enzymatic protein hydrolysate of soya or casein, brewes's yeast, choline chloride
and olive ofl. Although the culture technique it xenic, an artesnpt {8 made to conrol microorganisms by
chemical means. A bacterial specles replaced the normal symblote within D. cleae and was belteved to be
esential to maintaining the stock, but two generations of D, oleae have been culwred withom any hacteria
being present in the sites normally occupied within the larva or adult by i typical symbiote. Smepromycin
i pow being incorporated into the adult food 10 control bacterial infection of the eggs. Nammal larval develop-
ment, size and reproducticn of D. oleae i3 obtained.
Masgs culture i3 possible using the larval medium developed, but further research is necessary to find a
faster method of placing the eggs on the medium. Purther screening of mould inhibitors £ desirable, as well
a1 seeking cheaper substitutes for the medium.

METHODE D'ELEV AGE DE LA MOUCHE DE L*OLIVE (DACUS OLEAF GMEL.) EN XENIE SUR MILIEUX
SYNTHETIQUES. On a élevé cing générations de Dacus oleae sur un milien i base de gélose et de carotte
déshydratée contenant un hydrolysat enzimatique de protéines de sofa ou de caséine, de levure de bidre, de
chlorure de choline et d*buile d'olive. Bien que I"élevage 3¢ fasse en xénie, on s"efforce d'enrayer le déve-
loppement dex microorganismes i 1'aide de moyems chimiques, Une espéce bastérienne a remplacé le symbiote
norﬁ_:ai chez D. oleae et sa présence semblait indispentable dars le lot d*élevage, mals on a £levé deux
générations de D. cleae sans qu'aucune bactérie soit présente aux eqnplacements nonmalement occupés chez 1a
larve ou 1'adulte par le symbiote caractéristique. Pour éviter la contumination des cenfy par les bactéries,
-on fncoepare maintenant de 1 streptomycine au régime alimentaire des adultes, On & obtenn un développe-
ment larvaize normal e des lodectes de tailie normale, qui se reproduisent nogmalement.

Le milien larvaire qui & €té mis an point permet 1*élevage en mame, mais il faudrait procéder 3 de
nouvelle: recherches pour découvrir une méthode plus rapide pour placer les ceufs sur ce miiien, I fandrait
perfectionner les inhibitears de moisissure et mettre au point d"autres milieux'd un prix de revient moins
éleve. :

KETOMAKA KCEHWHECKOR KYALTMBALMSt MACIAECA MYXM DAGUS OLEAE HA CMHTETVNEGKOA CPERE. [Mats
neoaskiit D.olesas XYORTHBHPOBARH HA CPels ATBpP-OSSIBOXSHAZN MOPMOBE, coepEAmsi aBIMMaTHIeciHi
FAAPOIMIAT COSBOTO HIM KA3SHHOBOTO OeJMa, IMBHHe ADURH, XICPHA XOJMHA M CIMBXOBOS MacJo. He-
GMOTRA HA KOEHRUEORYD MeTONMKY KyIbTHBALMN, CZeZAHE DOINING XOATPCIWPOBETH MUNDOOPISRAJME XMMH=
QEONMHH CPeACTIAMK. GAKTePMBILHNE PARHOBMEHOOTY JGMEASEA PAYTPM D.oleme mopWazsuuil omuoucT, [rTo,

KdX NOXETEEA, fEJNIOCL BAXHMM JARE COX BHER. O ¥ BEFX ooxoleunit D.oleas me ¥
KXEX-TMO0 JaxTepuit B yuaoTNAaX, CONNEO JAHMNASMEY PHYTDH IMUMEKHM MIHA BAp 154
CHMOHOTOM. CTPEOTOMHIME B HacTogmes BEDeMd BRITGAETOS B COOTAN DMNM BApOCION O0OOM NXd OpeAFOpem=
Aehun SARTADMARLHON WEdemmu: xvn. JrdnHOoYHOE pAIBMTHE, | PH B | D.olaae SHME HOp—
Mo ALAFM .

C momcmer PA3PESOTAHHOH AMIMHOTHOH OpenM BOSMOXES MAOGOBRAR KYIE » ) HEOH:
na B et Hea ADR COAMAEER COomue JHCTROTG MATOOS PAZMOEMSRME XKD Hd cpegs. XeIaTexsH
zansEafiil OTSOP HETMOHMTOPO® OXSC&AH, A TAKES OT donee Taneit cpeam.

UNA TECNICA DE CRIA DE LA MOSCA DEL OLIVO (DACUS OLEAE GMEL. ) EN UN MEDIO SINTETICO
EN CONDICIOMES XENICAS. Se han criade cinco generaciones de Dacus oleae en un medio a base de agar
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¥ de zanahoria deshidratada que conten{a un hidrolizado enzimitico de proteinas de saja o de caseina, levadura
de cerveza,” cloruro de colina y aceite de oliva. Aunque la técnica de cria es xénica, se ha tratado de con-
wrolar quimicamente el desamollo de los microorganisios, Una especie bacteriana ha reemplazado el simbiota
normal del D. oleae y su presencia parecia indispensable, perc sé han criado dot generaciones de D. oleas
sin bacteria alguna en los lugares que el simbiota caracterfstice ocupa Dottnalneate en la larva o en el adulto.
Para evitar la infeccidn bacteriana de los huzvos se aflade ahors estreptomicina al alimento de los adultos.
El desarrolto de las larvas y el amaflo y la reproduceidn de los insectos son normales.,

El medio preparado para las larvas permire la ceia en mata, pere serfa necesario efectuar nuevas invesei-
gaciones & fin de descubrir un método mas rdpido para colocar los hueves en ese medio. También corvendria
estudlar pueves anticriprogdmicos y encontrar productos que permitieran preparar un medio meros costozo,

INTRODUCTION

Trypetid pest apecies are likely candidates for control or eradication
by releasing sterile (lethal) males [1-9], This technique ig possibie if a
species can be mass-~cultured,

Five trypetid species can to date be mass-cultured on prepared media
not containing their natural host tigsue. These species are the Mexican
fruit fly, Anasirepha ludens Loew [10], the Mediterranean fruit fly, Ceratitig
capitata Wiedeman [11-15], the oriental fruit fly, Dacus dersalis Hendel
[11-13], the melon fly, Dacus cucurbitae Coq. [13], and the Queensland fruit
fty, Dacus tryoni Frogg [16,17].

Dacus oleae Gmelin is also an important pest species. It causes ex-
tensive economic losses to olive growera in the Mediterranean region. In
Greece alone, it is estimated to cause losses of about US $15 million
annually [18, 19].

The Greek authoritiea became interested in conducting an experiment
using the irradiation-of-male method of control against the olive fly on an
island. Greece is ideally suited for such an experiment because of its numer-
ous isolated islands bearing olive trees. The Greek Atomic Energy Com-
mission consulted the United States Atomic Energy Commission as to the
feaaibility of such a test and the latter Commission sent two entomologisis
to Athens to investigate the problem.

These visiting entomologists met with a special committee consisting of
entomologists and biologists from the Greek A E.C., the University of
Athens, the Department of Plant Pathology of the Ministry of Agriculture,
the College of Agriculture of Athens and the Benaki Plant Pathological Insti-
tute. The committee was not only concerned with the sterile-male tecnnique
of conirol but outlined a research programme, (which included ecological
studies, a search for new adult attractants and intensifying work on other
methods of control), since any type of control that would reduce the average
density of the olive fly would make it less difficult to obtain favourable over-
flooding ratios of released lethal males,

It was clear from the discusaione with the committee that the olive fly
would be amenable o the sterile-male technigue, The monophagous nature
ofD. oleae, which attacks only olives, and its low abundance during certain
periods of the year are atiributes that perhaps make it better suited for the
aterile-male release method than the other more tropical species of trypetids
that have wider host ranges and more genergtions. The olive fly is indeed
polygamous and more so than the other trypetids under investigation at
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present, However, it is thought now that polygamy is not a critical factor
for the lethal-male release method {20, 21].

Preliminary studies with dosages of irradiation necessary to induce
dominant lethality in the sperm have been determined for the puparia, and
cage tests with competitive normal males have given favourable results [4].
Radiation studies with other stages and puparia of D. oleae have recently
been made in Greece [22].

It was plain to the committee in Greece that the main problem to be
solved before an island test could be made using sterile D. oleae males
wasa first to develop a mass-culiure technique. Simulianeously further
research on irradiation dosages and a search for effective adult attractants
should be made.

The ""Olive Branch Enterprise’”’, as the committee had named their pro-
gramme, requested an expert on fruit-fly nutrition through the International
Atomic Energy Agency. In November 1961, K.S, Hagen wag obtained
from the University of California at Berkeley, California, and work was
begun on the culture of the fly at the College of Agriculture in Athens.

RESEARCH APPROACH

There are at least three approaches that can be made toward culturing
D. oleae., They can be classified as axenic, monoxenic and xenic. These
terms refer to the number of organisms associated with the species that
ig under investigation ag to ite nutritional requirements {23].

The axenic approach to culturing D. olese larvae requires that no other
ppecies of organism be present either in the larva or in its substrate,
MOORE [24, 25], using aseptic techniques, aitempted to use thie approach,
and was able to obtain adults, The developmental pericd was slower for
the larvae than normal, and the resulting adults were reproductively weak.

It is poseible with the technique Moore used that a monoxenic condition
existed, i.e. that besides D. oleae one other species was involved in the
culture, a bacterial symbiote. An extra-cellular symbiote, Pgeudoimonas
pavastanoi Smith, is found in nearly all wild D. oleae and is transmitted
from generation to generation [27-29]. Eventhough Moore surface-sterilized
the D. oleae eggs, some bacteria could have already entered the egg at the
time of deposition.

The olive-fly larva with its symbiote within an olive is approaching a
monoxenic condition, for usually the olive appears to be quite steriie at the
larva feeding site. The larva prefers to eat undisturbed tissue as it tunnels
through the fruit.

Recent experiments, which will be reported elsewhere in detail by the
genior author, conclusively showed that, when adulis of D. glege which have
been reared from olives are fed streptomycin along with the regular labora-
tory adult diet, egge deposited in olives hatched. However, nearly all the
larvae died in the first-instar stage after tunnelling considerable distances
in the olive, No larvae attained the third instar.

Eggs obtained from these same adults and placed on an artificial medium
containing an enzymatic protein hydrolysate completed their development
normally, and the resulting adults deposited viable eggs. Thus the role of
Pseudomonas savastanoi as a symbiote is perhaps to hydrolyse the protein
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in the olive tissue ingested by the larva, maldng available some essential
amino-acid or acids, or possibly to synthesize an aminoacid or acids lacking
in the olive.

The diet that MOORE [25] employed for the larva was similar to the
aseptic dieta used for some other fruit-fly species [26], except that it con-
tained a higher level of protein and sitosterolwas used in place of cholesterol,
The fact that no hydrolysed protein was in the diet Moore used poegibly in-
dicatea that the symbiote was present in the larvae.

The approach used in Greece was a xenic one, which infers that the
number of agsociated organisme in the larva or in the substrate is unknown,
Since it would be difficult tc mass-culture a trypetid species under asepiic
conditions, a xenic approach is the only practical one. However, it is
imperative that harmiul contamjnants be controlled, The technigue of using
an acid pH and mould inhibitors to control micro-organisms developed for
the culture of other trypetids [26] was therefore used for D. oleae,

The rather acid pH of the medium controls many bacteria, including
the normal symbiote P, gavastanoi, but permits at least one other bacterial
apecies to replace it. These alien bacteria may become pathogenic in older
females and reduce fecundity by reducing the lifetime. Streptomycin wae
iherefore incorporated in the adult food in an attempt to prevent bacteria
from becoming established in the special morphological sites evolved to
house the typical symbiote. The cycle of P. savastanoi and its sites in
D, oleae have been well known since the classic wark of PETRI [27]. (For
'other pertinent papers see [28, 29]).

Though the culture approach described below is a xenic one, itisnearing
an axenic condition at least insofar as D, oleae harbours bacteria in its
unique symbiote morphological sites, The inclusion of hydrolysed protein
in the larval medium apparently permits D. oleae to develop without its
symbiote,

MATERIALS AND METHODS

The temperature was usually 251 I°C and the relative humidity was
75 £ 20%. Later the relative humidity was held at about 70% with the aid
of a humidifier and a humidistat.

Adult handling

The type of cage usea for stock flies is one that has been used for years
in United States fruit-fly laboratories. About 200 flies were held in the
30-cm-cube cages (Fig.1). The cages were placed near east-facing windows
and exposed to normal diurnal light,

The adult food containing an enzymatic protein hydrolysate of yeast with
& carbohydrate, and at titnes with brewers® yeast, is quite similar to the
diets used in the culture of other trypetid species [30-32], and was
effeciive for D. oleae egg production [25, 33]. The adult diet now used
as a matter of routine in Greece ig ghown in Table I,

The diet shown in Table I, without streptomycin, was used to obtain
eggs for most of the tests made, Only in later tests was streptomycin used
and this will be indicated where appropriate,
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Fig. 1

Cage for adult Dacus oleae showing ovipositional sites (the paraffin-wax domes)
and the feeding site (the wax paper) sealed inside on the front glass

TABLE 1

COMPOSITION OF ADULT DIET FOR DACUS OLEAE

Substance e
(® (ml)
Enzymatic protein hydrolysate of yea.st}“" 20.0
Sucrose 80.0
Choline chloride™ 0.1
Streptomycin sulphate * . 0.5
Water 100.0

3

Nutritional Biochemicals Corp. , Cleveland, Chio.

It is imperative that the adult food be supplied to the flies in a fluid form.
Placing solid enzymatic protein hydrolysate yeast inthe cage along with solid
sucrose and water separately, the method used for feeding other fruit-fly
species, is not effective with D. oleae. This species feeds very little on
solid protein hydrolysates., It will feed, to some extent, on solid sucrose.

22
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It appears that protarsal contact with the food is necessary toobtain afeeding
response,

The liquid food is brushed in streaks onto wax paper which is sealed to
the glass cage front facing the light. Solid sucrose and a water-soaked
cotton-wool wad are separately provided in dishes on the floor of the cage
(Fig.1). In the smaller test cages (15 cm cube), where five pairs of flies
were often used for determining fecundity, the food was provided in triplet
form on wax paper on the floor of the cage, and once a day the food was
sprayed with a fine mist of water. In the larger cages, it is necessary to
brush on the food twice a day.

Egg handling

To obtain eggs in a suitable form for manipulation or counting, two
domes of thin paraffin wax were used per large cage (Figs.2 and 3). These
domes were sealed to a slip of glass by gently heating the glass on a hot
plate, but before sealing the glass a small wad of water-soaked cotton-wool
was placed under each paraffin dome. This was necessary to prevent the

Fig.2

Top view of paraffin-wax domes sealed to a glass slip
showing Dacus oleae ovipositing
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Fig.3

Under-surface of paraffin-wax dome showing eggs
of Dacus oleae at deposition sites

eggs from drying. The glass slip with the domes was fastened with cellulose
adhesive tape to the front glass next to the food paper (Figs. 1 and 2). Fewer
eggs were obtained if the domes were exposed on the floor of the larger
cages,

The paraffin domes are easily made by using paraffin wax with a melting
point of 52-53°C, or mixtures of paraffins with different melting points can
be used as long as the resulting melting point is between 52 and 55°C. The
best results have been obtained by adding 5-10% beeswax to the paraffin wax
melting at 52-53°C. The paraffin is heated to between70and 90°C. A wooden
mould of the size and shape of a hen's egg is first dipped into a thick soap
solution and then plunged quickly first into the hot paraffin and then into
water. The hardened paraffin shell is now easily pulled off the mould,

It is necessary to make newdomes everyday, for the used ones usually
break when the eggs are removed from the under-surface (Fig.3); also the
domes become so perforated with ovipositional punctures that the eggs may
become too dry.

Plastic moulds or thick wax forms, with or without ready-made punctures,
have been used successfully with other trypetids being cultured but are not
utilized by D. oleae for oviposition, This species does not oviposit in an
existing hole, but drills, or attempts to drill,a new hole eachtime it deposits
its single egg. Thus a very thin, easily penetrated material must be used
in order to recover good eggs.

Often oviposition is attempted on any smooth, ' clean surface, like glass,
and frequently an egg is deposited on this surface. These eggs often fall to
the bottom of the cage and are lost because they soon become dry. Cages
with screen bottoms permit the eggs to fall through into pans of water, and
these eggs can be used. However, these eggs can easily become contaminated
with microorganisms.

The paraffin domes are placed in the cages each morning and are re-
moved in the afternoon or the next morning, The shorter the exposure to
oviposition the better, since the range of hatching would be shorter and more
uniform,
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The egge from the domee are collected in several different ways. The
most rapid method is by dipping the domes into distilled water. The dis-
lodged eggs fall to the botiom of the beaker., Excess water is decanted off,
and the eggs, with some water, can either be filtered and caught by a fine
nylon organdy, or , if the eggs are to be measured, they are drawn and
pipetted into a funnel that has its tip preased against a piece of nylon organdy
which rests upon the surface of a large rubber cork held by a clamp. The
eggs are measured volumetrically in the funnel tube and spread out over
the surface of the organdy by brushing. The nylon pad with eggs is placed
on moist filter paper and kept moist until hatching begins., For many experi-
ments the eggs were removed individually by brush from the domes and
placed on moist filter paper.

The incubation period is about 2.5 d at 25°C. The Petri dishes centaining
the eggs on wet filter paper must be clean and kept as free as possible from
invasion by microorganisms,

A copper chloride solution of 1:1000 was used for a time in the egg
dishes to control moulds and yeasis, but this was discontinued since the
adults resulting from the egge often died prematurely.

At present some mould inhibitors are heing tested in the egg-holding
dishes in an attempt to control yeasts and moulds that arise from egg place-
ment on the medium. '

Eggs exhibiting larvae with visible mouth hooks, and larvae which have
just hatched, are placed on the media. Larvae one day ¢ld hecome too weak
to be used. In earlier tesis the egg pad was placed upon the smooth surface
of the medium, and the larvae would enter the medium through the clothmesh.
However, egge in contact with each other often would not hatch, The oil
from the medium seeping up through the pad may have accounted for this
egg mortality.

A higher percentage of hatch and puparial recovery is obtained when the
egg or larva is placed individually directly upon the medium by brush. There
ig less chance of the medium becoming heavily contaminated than when an
egg pad is placed on the medium. The water carried by the nylon egg pad
evidently dilutes the mould inhibitors and aliers the pH, allowing growth of
unwanted microorganisms,

The eggs or larvae are placed in rowse on the medium adjacent to shallow
grooves made in the medium with the tips of a pair of forceps (Fig. 4). These
grooves are necessary to permit the larvae to enter the medium easily.

Larval media "

Over 700 different larval media were tested, Many did not permit any
larval development., The medium which hae given the best resulis to date is
shown in Table II. This medium willbe referred to hereafter as "the standard
medium",

The medium is prepared by bringing all the ingredientis mixed in water
to a boil except the hydrochloric acid and the dehydrated carrot. After the
mixture has been allowed to cool to about 70°C, the hydrochloric or citric
acid ig added. This mixture is then homogenized in a high-speed blender
for about one minute, The powdered dehydrated carrot is added and stirred
in slowly with a mixer. If the dehydrated carrot ig homogenized with the
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Fig.4

Puparia of Dacus oleae on surface of larval medium
where they pupated after the larvae came to the surface
The grooves in the medium enable the larvae to enter the medium
after hatching from eggs placed on the flat upper surfaces.

other ingredients the medium becomes so dense that the larvae appear not
to be able to utilize it,

If no blender is available, the above procedure should be followed but the
mixture should be well stirred when the acid is added, and the carrot powder
should be stirred in afterwards until a smooth consistency is obtained. The
PH can be easily ascertained fairly closely by using indicator paper.

The media were tested in various containers. The container found
most convenient for most experiments was a thin plastic dish (Fig.4) 9 em
in diameter at the top and 4 em deep. About 50 ml of medium was poured
into the dish. The depth of the medium was usually around 1 em, Three
such dishes were used for each test medium. The medium must not be
allowed to dry, therefore another larger-diameter plastic dish was placed
tightly over the medium dish.

The larvae enter the medium and disappear, Very little activity is
opserved until a day or two before pupation. At this time large holes begin
to appear in the surface of the medium, and outlines of galleries can be seen
through the thin sides and bottom of the dish. The larvae come tothe surface
of the medium to pupate.

The first larvae complete their development usually 10-13 d at 25°C on
the better media. On the first or second day following the first puparia
product, the peak number pupate, and within five days from the appearance
of the first puparia all larvae have usually completed their development.
The speed of larval development is an indication of the nutritional quality of
the medium.
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TABLE II

COMPOSITION OF STANDARD LARVAL MEDIUM
OF DACUS OLEAE

Amount
Substance @ (m)
Dehydrated carrot v 25.0
Brewers® yeast 15.0
Agar 2.0
Enzymatic protein hydrolysate of soyay 6.0
Choline chlaride 0. 05
Olive oil {virgin) 5.9
Tween 80 5.0
Sodium benzoate 0.3
Butabeny 0.05
2 N hydrochloric acid 4/ 7.0
Water ° 125, 0
48.4 152.0
e

1/ Puccinelli Packing Co., Turlock, California.

2/ MNutritional Biochemicals Corp., Cleveland, Ohio.

8/ n-buryl parahydroxybenzoate (Merck).

4/ Enough acid to adjust the medium to a pH reaction of about 4. 1.

Puparia handling

The puparia are collected daily from the medium and placed in Petri
dishes along with a emall wad of water-soaked cotton-wool. This added
moisture is important to normal pupation during the first tew days after
formation,

The weight of the puparia is also snother index as to the nutritional
guality of the medium. Since the puparial weight may vary with age, one-
day-old puparia were weighed and recorded. It appears that the larger
puparia in any cne test are the first ones produced.

The number of puparia recovered versua the number of eggs that hatched
on the medium or the number of larvae placed on the medium does not neces-
sarily indicate nutritional quality, for it is believed that the physical nature
of the media, and the method of egg handling at the time of placement, influ-
ence survival, .

The greatest mortality occurs during the first larvzl instar. Suffocation
due to oil blocking the tunnels may account for most mortality. Dacus oleae
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larvae do not back out of tunnels, whereas some cther trypetids living in
rather fluid media can submerge and return their spiracles {o the surface
for air [34].

Alien bacteria may cause some mortality in the first-instar larvae, for
great numbers of bacteria gituated at the micropyle of the egg might gain
entry inlo the larva and be detrimental to it. These bacteria are not the
normal symbiote. In later tesis, where streptomycin was fed to the adults,
the bacterial contamination of egge was greatly reduced.

RESULTS AND OBSERVATIONS REGARDING ADULTS

The biological responses to the adulis that are important to culture and
can be observed extrinsically are mating, the preoviposition period, fecundity,
fertility and longevity, Some data concerning these funciions are from adulia
reared from puparia from field-collected olives (Figs. 5 and 68). The other
data are from flies that were produced on the artificial media.

Fecundity, fertility and longevity are not only influenced by adult diet,
but may also be greatly affected by larval diets and uncontrolled bacterial
activity in the adult.

&0
| g
2p.
u
1 1
WE@KS
Fig.8
Average fecumdity per Dacus oleae fernale per week
and iongevity of 20 females reared on olives
O No. of eggs per female per week
@ No. of living females
Mating

Experiments showed that the males will mate effectively if fed only
carbohydrate solutions. Inthis respect, D. oleae isunlike D. dorsalig[31],
for in the latter species both sexes must ingest protein in their adult diet in
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Longevity of 100 Dacus oleae adults that emerged from fielkl-collected puparia
and fed on yeast hydrolysare + sucrose + choline chloride + water

order to copulate. The male of D. dorsalis shows viable gpermatozoa in
the téstes early but will not mate at any age until it ingests protein and re-
quires at least five days after being exposed to the protein before it will
attempt to copulate, .

The males of D.oleae usually begin mating infour days after emergence,
but initial mating on the part of the male may occur earlier or later depending
upon the attraction of the female, Long preoviposition periode are corre-
lated with correspondingly late initial matings. Mating is apparenily
triggered by decreasing light intensities aseociated with the approach of
the twilight period. This mating responee to light-change seems to be the
same as that reported for D. dorsalis [37] amd D. tryoni. Thus it is im-
portant that D, cleae be kept in rooms where natural diurnal light is available.

A perceptible sound or call is made by the male inthe approachtoasus-
ceptible female [35]; this occurs also in other Trypetidae [38]. There can
be many matings by the same individuals of D. oleae during their life. The
irequency of remating is greater in D, oleae than in the five other irypetida
now being mass-cultured. Only during the second mating attempt, which
accurred on the second evening following the first mating, wds there any
reluctance to accept an approaching male. However, during each successive
evening for 10days mating could be obeerved. It was not determined whether
any spermatozoa were iransferred after the firast mating,

Freoviposgition period

The length of this period can vary considerably. The season of the year,
the nutrition of the larvae and the nutrition of the adult influence the length
of the preoviposition period.

During November, December and January the preoviposition perigd
was the longest in the laboratory, where the temperature was more or less
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constant. Either the photoperiod or the amount of light intensity per day
may be involved. Perhaps the light infensity influences the feeding rate.

The data shownin Tables III and IV indicate that the concentration of
protein hydrolysate in the larval medium may influence the adult pre-
oviposition period. The higher proteinhydrolysate concentrations are corre-
lated with shorter preoviposition perioda. Thus in D. oleae thereis definitely
metabolite trangfer from larval feeding that influences egg production.

Adult nutivition has an important influence on the preoviposition period
in other trypetids [31, 32], and in D, oleae some studies have been made
by MOORE [33].

Fecundity

The number of eggs produced by D. oleae. is apparently less than in
the five species now being masa-cultured. The fact that only one egg is
deposited per oviposition shows the olive fly to be strikingly different from
the other species cultured, which deposit about 20-60 eggs per deposition.
Even though the clive fly appears to live longer than the other species, its
total fecundity does not seem to approach that of the other five species, A
rough comparison would be of the order of 300:2000 under laboratory con-
ditionsa, MOORE [33] obtained as many as 700 from some individuals of
D. cleae.

The data shown in Fig. 5 are the number of eggs deposited per female
per week by adults reared from olives. The average total number of eggs
deposited per female was 183, the range being 99-276. In this case the flies
were held in small 15-cm-cube cages.

An average of about one egg per female per day is obtained from the
larger stock cages (30 cm cube) as compared with 2.5 eggs per female per
day obtained over a 10-wk period. The proximity of the female tothefeeding
and ovipositional sites may account for the increased fecundity, and there
is less interaction between flies in the small cages.

The presence of an alien species of bacteria in the morphological sgites
of the normal symbiote can greatly influence fecundity by shortening longevity.
What appears {0 be the same bacterial species is in some individuals under
control while in others the increase is s0 great in the bacterial pockets of
the ovipositor normally occupied by P. savastanoi that blockage of the
ovipositor occurs, which prevents both oviposition and excretion and results
in the premature death of the femal&, A typical sympiom of this condition
is manifested by an extruded ovipositor which cannot be retracted. Pressing
ihe tip of the extruded ovipositor on a microscope slide will reveal great
masses of bacteria, There is no general septicaemia in the adult at the
time of death. The influence of the pathogenic condition in the female on
egg production is shown in Fig, 7.

Five generations of D. oleae were cultured in the presence of what was
apparently the same species of hacteria. These bacteria accounted for
erratic fecundity as between individuals. The variability in pathogenicity
may be a reflection of the density of bacteria that made an original eniry
into the larvae from the egg, for the number of bacteria surrounding the
micropyle of the egg would vary greatly. However, since no identification



348 K.5. HAGEN et al,

L0

0

EGBS PER FEMALE PER WEEK
2
—

WEEKS

Fig.7

Average fecundity per Dacus oleae female per week
for flies cultured on the standard medium,
exceépt that5 g enzymatic pretein hydrolysate was used

¢ Without pathogenic bacreria
@ With pathogenic bacteria

The sample population consisted of 13 flies of which 5 were observed
to be infected with pathogenic bacteria and § were not infected.

of the bacteria has been made it may be that several species are involved,
including Agrobacterium luteum, which is known to occur in D. oleae [27, 29].
It wasthought that perhapsthe bacterial species that replaced P, savastanoi
under our culture conditions was necessary, but the inclusion of streptomycin
in the adult diet has increased fecundity by extending longevity. Two gener-
ations have been cultured with streptomycin in the adult diet, Thus it now
appears that D. oleae can be cultured without any bacieria present in the
morphological sites normally occupied by Peeudomonas savastanoi,

=

Longevity

The longevity of D, oleae is quite variable, as shown in Figs. 5 and 6.
The data shown in these graphs are besed on adulta reared fromolives; thus
the normal symbiote was present and should give a more natural picture of
mortality, The female mortality shown in Fig, 5 geems unusually high for
the firast week as compared with the mortality occurring with 100{lies, shown
in ¥ig.6. The history of these two lots of flies is somewhat different with
the 20 females emerging from laboratory-infested olives and the lot of 100
from field-collected puparia. However, the former flies were fed a yeast
hydrolyeate plus sucrose diet without choline chloride, Males tend to live
longer than females,
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RESULTS FROM LARVAL MEDIA

The xenic approach in trying to culture D). oleae under non-aseptic con-
ditions, testing all the known media that have been used to culture the five
trypetid species mentioned in the introduction, failed to permit larval de-
velopment. These media, most of which have a carrot base, are rather
fluid in nature, and D. oleae larvae would drown. The few known agar,
casein and yeast media also gave poor results, as shown in Tables V and VI,

Protein

Poor results were obtained from all media tested until an enzymatic
protein hydrolysate was incorporated in the media. Some larvae completed
their development on media with high brewer's yeast concentrations, and
where casein was included (Tables V and VI}, but no oviposition was obfained
from the resulting adults,

At first, yeast extract was used in combination with the protein hydro-
lysates, but better results were obtained with higher levels of brewer's yeast
(Table VI, Fig.8). By varying the protein source the gpeed of larval de-
velopment was influenced ag well as the size of puparia produced.

The two enzymatic protein hydrolysates that gave the best resulta were
those of soya (Table III, Fig. 10) and casein (Table IV, Fig. 11). An enzymatic
protein hydrolysate of casein permits the most rapid larval development
of all the protein sources tested, nine days being the ahortest pericd cbserved.
An effective concentration of casein hydrolysate is about 2%, This con-
centration can be used in place of the 3% soya hydrolysate used inthe standard

£ ol @ ®
x
£ °
X
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3
s NONE * {e—— YEAST EXTRACT
41—
i L L
5 10 1] 20

CONCENTRATION tg)

Fig. 8
Relationship between concentration of brewer’s yeast
and one comparable yeast extrace in the standaxd larval medium
and weight of Dacus cleae puparia produced
All media contained § g enzymatic protein hydrolysate of soya.
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Relationship between concentration of enzymatie protein hydrolysate of soya
in the standard larval medium, weight of Dacus oleae puparia preduced and minfmum time
requized for larvae to attain pupal stage
10 g yeast exuact used in place of 15 g brewer's yeast in the standard mediur,
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Relaticnship bétween conceniration of enzymatie protein hydrolysate of soya
in the standard Jarval medium, mean weight of Dacus oleae puparia
produced and minimum time required for larvae to o attain pup pupal stage

diet. Enzymatic protein hydrolysates such as lactalbumin, protecee peptone
bacto-peptone and yeast gave poor resulis.
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Relationship between concentration of enzymatic protein hydrolysate of casein
in the standard larval medium, mean weight of Dacus oleae puparia
produced and minimum time required for larvae 1o anain pupal stage

Unhydrolysed protein sources used in the standard diet inplace of hydro-
lysed protein such as casein, egg albumin, soya meal and dehydrated skim

milk permitted none or leas than 5% of the larvee to develop , and no re-
production oceurred.

Carrot

Fresh carrot blended and supplemented with all the other ingredients
outlined in Table Il gave poor results and became rather heavily contaminated.

Dehydrated carrot from California and France*

Reduced levels of carrot permit development, but puparial emergence
is reduced and adults are weak.

Brewer's yeast “\

Relatively high concentrations of brewer's yeast are necessgary as com-
pared with the other trypetida cultured A level of about 7% has given the
best resulis when a protein hydrolysate is also present in the medium.
Brewer’s yeast is superior to baker’s yeast or yeast exiract, even though
the biclogical activity of the latier is considered much higher. The water-
ingoluble factors present in brewer’s yeast seem to be utilized, as indicated
by the increased weight atmined over that of yeast extract {Table VI, Fig.8)}.

* Thedehydrated carrot fram France that was tested was dovated by Dr. M. FERON, Station de zaologie,
ceatre de Recherches Agronceniques du Sud Est, Montfaret, France.

n
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Agar

If egge are deposited directly into 3-4% agar which has a coating of
paraffin, the eggs hatch and the larvae readily tunnel. However, in the
standard medium outlined in Table II 1% is adequate, Higher levels do not
seem to permit easy entry when the eggs or larvae are placed on the surface.

Olive oil

Although varying the concentration of the olive oil does not seem to
influence the weight of the puparia produced or the speed of development
of the larvae, the percentage of flies emerging from the puparia is influenced.
About 7% olive oil permits 100% emergence and appears to allow the medium
to be more extensively used. Tween 80 is necessary for emulsifying the
olive vil. Concentiratione above 2,5% were detrimental and Tween 40 gave
inferior results,

Mould inhibitors

Sodium benzoate, n-butyl parahydroxybenzoate (Merck's Butoben),
methyl paraoxybenzoate, sodium propionate and sorbic acid were tried at
many different concentrations and combinations. We alternate between using
the combination shown above with media containing only 350 mg scdinm
benzoate, Further testing is still necessary, for the media will still allow
some moulds and yeasts to develop, When using protein hydrolysates it is
particularly difficult to control microorganisms,

Adjusting the pH factor to about 4.1 is neceasary in the attempt to con-
trol bacteria, Factors above 4.4 permits heavy contamination. It appears
that one larva requires about 2 ml of the medium to develop. The cost of
the larval medium ig ubout US $1.25 per 1000, on the basis of obtaining one
fly per 2 ml.

REFERENCES

[1] STEINER, L.F. and CHRESTENSON, L.D., Proc. Hawaii. Acad. Sci, Thirty-first Anoual Meeting,
1955-1956 (1956) 7.

[21 CHRISTENSON, L.D., 10th International Congr. Ent. _3_(1956) 11-18.

[3] MONRO, J., Proc. Conference Tech, UseRadiation, Auswal. A.E.C. (1960} 13G6-131,

[4] MELIS, A, and BACCETTI, B., Redia 45 (1960) 193-217. *

[5) WHODE, R H., LOPEZ, D. (F), EGULA, F. and TELICH C.(J.), Jour. econ. Entornol, 54 (3961) 202-203,
[6] WEIDHASS. D.E., SCHMIDT, C.H. and CHAMBERLIN, W.F., Radiaisctopes and Radiation in Ento-
mology, IAEA, Vienna (1962) 257-265.

Abgtracts, Radiation Techniques and their Application to Insect Pesws, IAEA, Vienna, Info. circ. No.1
(1963) l4pp.

[8] STONE, W.E., “Effects of {onizing radiation on imects and other arthropods™. these Proceedings.

[91 FERON, M., unpublished.

(10] LOPEZ, D. (F). Unpublisbed Repors, 1).5,D. A. A.R. 8., Ent.Res, Div. Mexico City, Mexico (1954).
{11] FINNEY. G.L., Thixd special repert on the Oriental fruit-fiy, Senace of the State of Calif. {1953) 77-83.
{12] PINNEY, G. L., Jour. Econ Entomol. 48 (1958) 134,

[13] CHRISTENSON, L.D., MAEDA, 5. and HOLLAWAY, J.R., Jour. econ. Entomol. 49 (1956) 135-136.
[14] FERON, M., DELANOUE, P. and SORIA, F., Entomophaga, 8 (1958) 45-53.

[7

—

£



XENIC CULTURE OF OLIVE FLY 355

[15] MOMASTERO, 5. and GENDUSO, P., La lotta biologica conwo la moca dellz oliva, Instituro Ent. Agr.
Univ. deglf Studi ed Osserv. Region. per le manie delle piante, Palemno {1962) 23pp.

[16] BATEMAN, M.A. and BIRCH, L.C., Unpublished reparts, Univ. of Sydney, N.5, W.

[17] SNOWBALL, C.J., WILSON, F. and LUKINS, R.C., Awtral. J. agric. Res. 13 (1962) 233-247.

[18] KORTZAS, K., Anzeiger Schidlingskunde 28 (1955) 177-179.

[19] KOIBE, W., Hofchen-Briefe No, 1 {1960) 52-89.

[20] VON BORSTEL, R.C., Science 131 (1960) 878, 580-882.

[21] VON BORSTEL, R.C., "Effects of radiation on germ cells of insects: dominant lethals, gametic In-
activation and genial-cell killing”, these Proceedings.

£22] THOMOU, H., "Sterflization of Dacus olese by gamma radiation”, these Proceedings,

[23] POUGHERTY, E.C., Ann. New York Acad. Scl. 77 (1959) 27-54.

[24} MOORE, L., Ktavim 9 (1959) 295-206.

[251 MOORE, 1., Entomophaga 7 (1962) 53-57.

(28] MAEDA, 5., HAGEN, K.5. and FINNEY, G.L., Proc. Hawaii. Entomol. Soc. 15 (1853 177-185.

{27] PETRI, L., Zbl, Bakrer, II26 (1910} 357-361.

[28] STAMMER, H.J., Z. Morphol, Okol. Tiere 15 (1929) 481-523,

[29] HELLMUTH, H., Z, Motphol, {kol. Tiere 44 (1958) 483-517,

(20] HAGEN, K.S. and FINNEY, G.L., J. econ. Entomol. 43 (1850} 736,

[31] HAGEN, K.S., Ph, D, Thesls, University of California, Berkeley (1852).

[32] HAGEN, K.S., Poc. 10th Internat. Congr. Entomol. {(1956) 9 (1958) 25-30.

[33] MOORE, I. Instit, Plant Prot. Dir. Fruit Tree Entomol. Agric. Exp. Sta. Irael, Special Bull. 28 (1960}
Sapp.

[34] CHRISTENSON, L.D. and FOOTE, R.H., Aan Rev, Entomol, 5 {1960) 173-190,

[35] FERON, M., Bull. Soc. Entomol. France, 65 (1960) 139-143,

[36] FERON, M., Rev. Psthol. végét, er Ent. agricol. France, XLI (1962) 3-129,

[37] ROAN, C.C.. FLITTERS, N.E. and DAVIS, C.J., Ann. Entomol. Soc. Amer., 47 (19564) 593-594.

DISCUSSION

H.J. BOROUGH: Is it possible that the colour of the paraffin egg-
attracting dome has any effect?

K. S, HAGEN: No specific tests have been made to determine this, Ob-
servations with a pale green colour and a paraffin ¢olour did not geem to
show much difference. Actually, the addition of 5-10% beeswax to paraffin
with a melting point of 52-53°C makes the paraffin a little harder but alsc
alters the colour slightly. The addition of beeswax appears to influence the
numbers of egga deposited, The increase in eggs may be related to colour.

G. SILVA: At what iemperature did you rear your pupae? Youmentioned
that the rearing took nine days, but in Portugal we have never recorded less
than twelve days for pupae obtained from naturally infested olives.

K.S. HAGEN: The temperature was 25 + 1°C, I should say that the
figure does not include the incubation period of the egg, which is about 2.5 d
at that temperature,

M, FERON: I should like to congratulate you on the work you have
accomplished in a relatively short time on such a difficult subject.

You mentioned in your oral presentation that the acidity of the culture
medium prevente the development of bacteria. In general that is true, but
in the course of our experiments on Dacus we found that there waa some
bacterial development and our microbiologist, Mr. Vago, informed us that
they were acidophilic bacteria, .

You also stated that the bacteria which you find replacing the symbiote
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may be pathogenic for Dacus. If I remember correctly, this has also been
noted in the case of Pegeundomonas savastonoi.

As regards the difficulty of obtaining eggs, we made the egg-laying
places more atiractive to the females by adding a small quantity of olive
oil to the paraffin. The females then come to lay more readily, so that
the deposition of eggs on the walls of the cage is avoided, but the situation
is still not entirely gatisfactory and there is no doubt that the problem of
obtaining and handling eggs still constitutes a great obstacle to large-scale
culture,

It should be poesible to determine the reproductionhabits of Dacus oleae.
We have devoted some time to such a behavioural study, as you know. Our
studies bore particularly on sexual behavicur, but 1 imagine behaviour at
oviposition should he largely governed by comparable conditions. The sexual
behaviour involves the call of the male (vibration of the wings} followed by
mating, and it is more intense at 22°C than at 25°C,

B. BACCETTI: Is it poeeible to say for certain that the diet of the adult
Dacus containg no lipids? I should like to know this in connection with &
comparative study of excretion in the larva and the adult.

K.S, HAGEN: No lipid is included in the adult diet separately. There
are probably traces of stercl in the enzymatic protein hydrolysate of yeast
that is nused, even though it appears to be completely water-soluble. The
sterol requirement in the aduit can be satisfied at least partially by metabolite
transfer from larval feeding. The larval medium is rich in sterols and
lipids. Choline chloride supplementation in the adult food may in some way
play a role in sterol or lipid metabolism.

C. PELEEKASSIS: What is the effect of environmental factors, such as
light inteneity or relative humidity, on the oviposition rate?

K.S. HAGEN: Light intensity or photo-period do seem to have some
influence on reproduction. During November and December the preoviposition
period is prolonged compared with September or March. The temperature
was the same in the laboratory during both periods.

M. FERON: The action of light is certainly very important in the re-
production behaviour of Dacus oleae, We got resulis comparable to those
published for Dacus tryoni in Australig. The main factor is the duration
of exposure of the adults to light. After a period of darkness corresponding
io night the insects are inactive and sexual activity only commences after
exposure to light for about six hours; it is facilitated by a reduction in light
intensity (corresponding, under natural conditions, to dusk) but it still
appears, with a certain delay, after continuous exposure to a ‘constant light
intensity. Several hours of darkness are necessary for the insect to return
to a state of complete rest. The intensity of the light also playe a part. It
appears that there is an optimal intensity of the order of 400 to 600 1x.
These points should be investigated in further experiments.

K.5. HAGEN;: What is the mode of action of the light? What is the light
doing to the fly to increase this activity?

M, FERON: I think that the light acts through the medium of a hormone,
With Dacus exposure to light could result in the accumulation of a hormone
required to initiate the behavicur; once a certain quantity is produced the
process is triggered off, while darkness 1ast1ng for several hours might
result in the elimingtion of the hormone,
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RADIOBOTOFE INVESTIGATION OF CERITATIS CAPITATA WEED. (DIPT. TRYPETIDAE) POPULATION
AND DISTRIBUTION IN TUNKSIA. Very heavy damage to Tunisian frait production caused by Ceritatis capitata
Wied. is the background to preparavioms to attempt control by gamma-ray sterlization of the males.

A1 a follow-up 1o ecological studies already completed and preliminary distibution test, P*-labelled
flies are being used in a technique werked out for studying populations; in value seems confirmed by results
chtained by conventional techniques,

The population estimate made indicates that, in different plantations, there might be 2 to ¢ males per
heetare by the end of winter.

ETUDE DES POPULATIONS ET DE DISPERSION DE CERATITIS CAPITATA WIED, (DIPT. TRYPETIDAE)
EN TUNBIE A L'AIDE DES RADIOESOTOPES. Les trds importants dégfiis provoqués par Ceratitls capitata Wied,
sux production fruitidres tunisiennes sont & 1*origine des travaax destinés 3 préparer la mive en oeavee de la
lutte par stérilisation des males aux rayom gamma.

En complément des étndes Ecologiques d6ji réalisdes et des essais préliminkires mur la dispersion, une
méthode d*émude des populations a €r mise au point, ep utilisant des mouches marquées au 32p; la valenr
de cette méthode parait &ue confimmée par les résultats dormés par d"antres procédés classiques,

L'estimation de population ainsi réalisfe a montré qu*il pouvait ¥ avoir de 2 & 9 miles par hectare 3.
Ia fin de I'hiver dam différentes plantations.

M3YIERME TIGOYIAUMA KM PACTIPOCTPAHEHMAR CERATITIS CAPITATA WIED. {DIPT. THYPETIDAE) B TYHWCE
C TICHOMBY) PATAOMZCTOINE., BeonMa aHauuTeIhdsl! ymepd, raneceErdt Ceratitinm capitata Wied. mxo-
AcEOMY RponsBogersy Tyduea, yshfcd ppmawacd nposeasHHA DAGOT B UlRX PA3PAGOTRM CROCLEOB COpROM
O¥TeM CTEPAIHIANHM NYROKHX ocofaH ramMo—RyyaMy.

B rnome K y=e Oop IROACTH HACTEN! U Ep P HMM OUNTIM EO BO=
npocy O paoanpoat CHE pazp MeTOZ MIFUeHNN NOWYAIDHA ¢ Henodes wyx,
P92, mpeparansgercd, 4TO LOMEOCTE ITOIO METOZS LOATRE[XAAEICK Pe3yILTATAMY HOKOTODEX APYIMX OGEY-
BiDX GNOAOBan.

{jpoasnennas PAMMM ONPBION COSHKS MOMYyJAuMH FONAMANA, TG B KCHOE MMM KA OONOW TEKTADE paa—
IMYHKE NIAETADMH MONET HBZOQWUTESH OT 2 A0 § MyEcxux coobel.

ESTUDK) MEDIANTE RADIOIEOTOPOS DE LAS POBLACIONES Y DE LA DISPERSION DE LA CERATITIS
CAPITATA WED. (DIPT. TRIPETIDO) EN TUNEZ. Las importantes pérdidas qne la mosca Ceratitis capitata
Wied. caunta a [a produccién frutera de Tinez obligaron a emprender un estudio a fin de preparar los medios
para combatirla por esterilizacidn de koe machcs con rayos gamma.

Para complementar Tos estudiog. ecoldgicos ya realizados y los ensayos preliminares sobre Ia dispenion,
ss ha preparado un método de estudio de las poblaciones utfHzando moscas marcadas con 32P; el valor de est
método ha sido confirmado al parecer por 1os resuitados obtenidos con otros méodos clisicos.

Zl cileuto-de la poblacién asi realizado muestra que a fines de Invierno.se encuentran probablemente
de 2 a 9 machos por Liectérea,

I. INTRODUCTION

L'!'économie fruitidre de la Tunisie est commandée pour une part im-
portante par le probléme de la mouche méditerranéenne des fruits, Ceratitis

367
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capitata Wied., qui empéche toute production fruititére d! €ét€ et oblige & de
coliteux traitements sur les agrumes. C'est pourquoi 1'Institut national
de la recherche agronomique de Tunisie consacre un effort particulier &
11 &tude de ce probldme.

Le Colloque d'experta sur la lutte conire les insectes par la méthode
des mé&les stériles, organisé par 1' Agence internationale de 1!énergie ato-
mique & Vienne en octobre 1962, examinait les poseibilités d'application
de cette méthode i 1a lutte contre Ceratitis dane le bassin méditerranéen;
il apparut aux membres du Colloque que la Tunisie présentait des conditione
particulidrement favorables st qu'un programme d’action devait &tre mis
en ceuvre.

Le premier point du travail devait étre de compléter la connaissance
écologique de Ceratitis & partir des études d€ji réaliades [1-5), ce qui a
pu &tre entrepris avec 1'aide de 1' Agence.

Une prospection d'ensemble a été réalisée grice 5. 1'heureuge initiative
et & 1'aide efficace que M. Féron, Directeur de la Station de zoologie agri-
cole de Montfavet, nous a apportées; nous l'en remercions bien vivement
ici, car cela a permis df établir leg bases de ce travail &cologique et de
choisir une zone pilote assez favorable [B].

La connaissance ausggei précise que possible de la population de mou-
ches aux différentes époques de 1'année et deg possibilités de disperaion
des mouches ldchées est dvidernment 3 la base de 1'application de la mé-
thode de lutte par les lichers de méles stériles. C'est dans ce sens gue
nous avone entrepris ce travail en utilisant, conjointement avec dfautres
méthodes, la technique du marquage des insectes par radioisotopes.

II. ESSAIS PRELIMINAIRES

En novembre 1360, en collaboration avec un expert de 1TAIEA,
M. J.F. Cline,un premier essai d'orientation avait &ét€ effectué dansltoran-
geraiede l'INRAT: sur les 353 mouches marquées & 1'aide de 2P, (0,5 mc
pour 100 g d'aliment & base de miel, sucre et levure de bidre), lichées an
milieu des agrumes, 70, soit 20%, ont été€ reprises grice 4 des gobe-
mouches disposé€s i cet effet et appités avec du phogphate bi-ammonique &
2%. La distance maximum, parcourue en trois jours, avait &té de 315 m.

L!'année guivante, au milieu d'un important verger de péchers en pleine
maturité, 2200 méles de Ceratitis &taient ldchée. Un réseau de 280 pidges
au phosphate bi-ammonique permettait de reprendre 449 thouches, soit
20,4%; la moiti¢ de ces mouches étaient capturées & moins de 100 m du
point du ldcher, un quart entre 100 et 200 m et un quart au deld jusqu' &
un maximum de 610 m (malgré la présence de haiea brise-vents). La ra-
pidité de dispersion atteignit 460 m en 24 h [7].

L!'intéressant taux de recapture observé au cours des essais prélimi-
naires et la facilité d'emploi du 32P pour le marquage des mouches nous
engageait 4 poursuivre les travaux entrepris,

De ce fait, un programme fut mis sur pied en 1962, destiné 3 fournir
les renseignements de base néceasairea i une future éradication de Ceratitis
en Tunisie, utilisant la méthode de la stérilisation des mailes i 1'aide des
rayong gamma.,
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Ce programme a pu entrer en action grice 4 1' AIEA qui a apporté une
coniribution financieére importante et la compétence d'un de ses experts,
M. Jurenka, qui nous a utilement guidé€ dans la mise au point de la technique
de marquage.

. TECHNIQUE DE MARQUAGE ET DE LACHER

Afin de préciser la forme de 32P et les doses 4 adopter pour notre étu-
de, un marquage au laboratoire a §té expérimenté, permetiant de comparer
la forme acide POsH,, la forme neutre POHNa, et le phosphore rouge irra-
dié {91 h dtirradiation).

Le phogphore rouge fut tout de suite €carté, du fait qu'il se présentait
en poudre irés peu soluble.

Des formes acide et neutre, la premiére fut choisie pour la suite des
travaux en raison de sa bonne efficacité et de son prix moins élevé; la con-
centration fut fixée 4 1 me pour 100 g d'eau sucrée 4 10%.

Le type de boite de licher, mis au point au laboratoire et qui s'est ré-
vélé 4 1' expérience étre fort bien adapté i notre travail, permet de contarni-
ner 100-200 mouches A la fois; & cet elfet, 20 cc de solution radicactive
imbibent une éponge artificielle disposée au fond de la boite. Celle-ci peut
étre accrochée A une branche et son couvercle levé & distance gréce A un
long fil de nylon, ceci pour &viter que les mouches contaminées ne viennent
aussitét au contact de 1! épiderme (suivant une réaction assez fréquente}.

IV. ESTIMATION DE POPULATICN ET DE DISPERSION DANS UNE
ORANGERAIE

Un eseai fut réalis€ dans une orangeraie proche du laboratoire pour
tester 1" efficacité de la technique et 8i posaible pour en tirer guelques in-
dications sur la présence de Ceratitig & 1a fin d'un hiver particulidrement
rigoureux.

Deux mille mouches, en 10 boltes de licher de 200 mouches, 4 raison
de 1 boite pour'4 arbres, furent lichées & 1a fin mars de cette année au centre
d'une orangeraie de B ha, Le temps &tait incertain, avec beaucoup de veni,
et la piuie se déclencha au moment o étaient libérées ies dernieres mouches.
La piuie, assez forte, dura 1ha, Puis un vent soutenu assécha le sol sablon-
neux.

Les boltes de licher, laiss€es ouvertes pendant 6 h,ne contenaient plus
au total que 127 mouches mortes ou inactives. Pr2s de 400 pidges en plas-
tique é€taient alors disposés sur toute l!orangeraie, A raison de 1 pour
4 arbres; 1!'attractif utilieé &tait le medlure, suivant la méthode améri-
caine [8].

Le lendemain, 28 de ces pidges avalent repris 125 mouches, toutes
fortement contaminées. La dispersion, avec le mauvais temps, s'avéra
irés faible. Troie jours aprée, 126 autres mouches étaient reprises, dont
2 non marquées.

Le taux de recapture a donc &€ de 13,3%; si 1'on compte les 2 mouches
non marquéed comrme étant de la population naturelle, cela nous permet
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d'estimer, d'aprés l'indice de Lincoln [9],cette population naturelle comme
étant de 15 miles pour les 8§ ha de 1'orangeraie, soit peut-étre une trentaine
de mouches miles et femelleg, -5i le sex~ratio est de 1; c'est-A-dire 4
mouches par hectare.

V. ETUDE DE POPULATION ET DE DISPERSION DANS UNE ZONE
PILOTE - PREMIERS RESULTATS

La zone pilote choisie pour les premiers essaig de lutte par ldchers
de méles stériles présente des caractéristiques géographiques fort inté-
resgantes. En effet, cette zone est isolée entre la mer et une région de
collines arides s'élevant de 200 & 300 m. Elle comprend dea vergers com-
posés df essences diverses constituant un foyer permanent typique pour
Ceratitis.

Les vergers choisis pour 1! expérimentation comprennent surtout des
abricotiers et des figuiers, hétes de choix de la Trypétide. Des brise-vents
cloigonnent assez étroitement les parcelles, offrant & la mouche un bio-
tope tr&s favorable.

Un premier licher a €t€ réalisé au début d'avril. Les mouches mar-
quées ont &té lichées dans un secteur de 1 ha environ, leur nombre étant
calcul€ & raison de 1 pour 5 m? de terrain, compte tenu d'une mortalité
estimée 2 6% d'apri2s les précédents essais. Cea mouches, au total 1843,
étaient réparties dans 19 boltes placdes dans 11 parcelles du secteur.

Le temps &étant ensoleillé, les mouches sortaient rapidement des boltes
(la mortalité fut de 7,6%).

Le dispositif de recapture comprenait 300 pidges secs 2 raison de 1
par arbre sur la totalitd du secteur { 1 ha J. Les recaptures ont §té en 24 h
de 425 mouches, soit 23% plue seulement 2 non marquées. Ceci permet
d' estimer la population naturelle 2 9 méiles environ par heciare {soit peut-
&tre une vingtaine de mouches mailes et femelles).

Ce chiiire faible serait normal 3 la fin de 1'hiver; il est confirmé d!une
part par 1'essai effectué deux semaines auparavant 4 l'orangeraie de
1'INRAT, mé&me si ce verger se trouve A 50 kin de la zone pilote; d'autre
part, 1'étude de population en cours dane la zone pilote est contrdlée par
d'asuires recherches, conduites par des méthodes différentes:

En effet, depuis janvier 1963, une centaine de gobe-mouches appités
aux protéolysats & la dose de 7% ont &t€ installés sur diverses espaces frui-
tidres, assez floignées de la zone du licher; or, en 3 mois de relevés heb-
domadaires, seules 3 mouches ont &t& capiurées;

D!autre part, des traitements de choc appliqués mensuellement gur
4 bigaradiers (production d'hiver), 4 abricotiers (production de printempa)
et 4 figuiers(production d'ét¢) n' ont encore pas révélé la présence de Ce-
ratitis au cours de 1'hiver; il est vrai qu'il ne s'agit que de 12 arbres,
alors que le dispositif de recapture des mouches marguées comprend 300
arbres, chacun muni d'un pidge;

En hiver €également, le ramassage des fruits tombés sous 10 arbres
fruitiers, hbtes de Ceratitis A cette époque (brigaradiers), a seul permis
de révéler une infestation. Les fruits ramassés sous les 10 bigaradiers,
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puis placés en obgervation en laboratoire, chauffé en hiver, ont donné jus-
qu'a la mi-mars, 146 larves,

Par ailleurs, le pouvoir de dispersion des mouches marqguées i partir
du point de ldcher a pu faire 1'objet de deux contréles.

a) D'une part, les résultats du piégeage dans les 300 arbres de lazone
de lé&cher ont montré une répartition assez remargquablement homogdne des
captures par arbre; les mouches, en effet, se répartissent aprés quelques
heures sur 1'étendue de chacune des parcelles,

b) D'auire part, des berrages constitués par 180 pidges seca ont &té
disposés 4 des distances de 500 2 1000 m autour de la zone de licher 2 jours
aprés le licher et laissés en place pendant 3 jours. Dans trois de ces
pidges seulement, situés A environ 700 m du licher, 4 Ceratitis miles ont
6té capturds; examinés au G-M, ils présentaient une contamination faible,
mais nette {3 fois le bruit de fond); il e'agissait donc de mouches marquées.

VI. CONCLUSION

Cette premidre série d'opérations a permis de metire au point les tech-
niques de marquage, de licher et de capture de Ceratitis dans les conditions
rencontrées en Tunisie. Les résultats obtenus dans des biotopes différents,
contrdlés par deux autres méthodes, montrent entre eux des similitudes qui
confirment la valeur de la mé&thode du marquage radioactif pour des &tudes
de population et de dispersion.

D'un point de vue plus immédiat, il apparait que la population de mou-
cheg, au cours de lThiver 1963 dans des foyers permanents de Ceratitis,
se situe & un niveau faible qui serait de 1'ordre de 2 3 9 miles par hectare,
Cette dernidre donnée est fondamentale si 1'on veut envisager 1'application
de la méthode de luttk par des lichers de méles stériles.

Il est dvident que ces premiers résultats n'ont gu'une valeur indicative
et qu'ils constituent le début d"un travail écologique qui sera poursuivi tout
au long de 1'année de fagon 2 bien connalire ces variations de population
de Ceratitia dans les foyers permanents.
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DISCUSSION

M. FERON: The work done in Tunisia by Mr. Soria ig really very
interesting and important. Some of the best experts in the sterile-male
technique aitended the meeting the Agency organized in Vienna last October#,
and I remember in particular that Dr. Lindquist, who is responsibie for
its application against the screw- worm,laid great emphasis on the need for
carrying out very detailed ecological studies beforehand. Dr. Lindquist
recalled that in the case of thé s8crew-worm such studies had started he-
fore the War and an extremely accurate ecological study had a vital part
in the suecess of the operation. He pointed out that, in general, the real
number of insects in a given biotope waa inadequately known and entomolo-
gists could expect surprises, but usually agreeable ones, i.e. there were
far fewer ingects than wag expected. Observations are, of course, usu-
ally made in places where the ingsects accumunlate. Ceratitis can be found
in large numbers in an apricot plantation when the fruit i.';;'ipening, but
then there will probably be few in neighbouring plantations where no such
fruit is to be found. This is very important to know, as the vital inform-
ation is the number of insecta per hectare in a given area.

The pilot zone study referred to by Mr. Soria should therefore be con-
tinued, certainly for a year, and very probably for a second year, before
it can be exactly known where the sterile males should be released. To
devise a satisfactory method of releasing, tests can of course be made in
smaller areas.

I have one comment on Mr. Soria's results. It is obviously taking a
risk to extrapolate a population estimate on a figure of 2 non-labelled flies
out of 425 recaptured. There are fortunately complementary methods which
validate these figures and show that the real population is extremely amall,
80 that the figures of 2 to 9 males per Hectare are no doubt correct. What
ig important is to have some means of following the population gradient which
taked place in about May, and the regression which takes place in autumn.

Another difficulty in estimating the total population is the real sex ratio,
the real proportion of maleg to females. Your calculation &ssumes that
they are equal in number, but this is very difficult to confirm. We know
from breeding experience that the males of Ceratitid are more delicate and
stand up lese well to unfavourable conditions. The same may be true under
natural conditions. Here, what we are interested in is the actual number
of maled, since our aim ia to apply the sterile-male technique; the female
population is less important, the whole point being that there should be more
sterile males than normal males.

You have put one trap per tree throughout the release area; I think one
could afford to be more economical in future. Your results show that the

* Panel on insect population control by the stetile-mate technique.



£TUDE DE CERATITIS CAPITATA EN TUNISIE 363

flies spread evenly over the whole of the test area in a few hours, =o that
a statistically evaluated sampling procedure should be sufficient, This
should inake it possible to simplify your arrangements and so facilitate the
ecological work.

There is one unknown factor which you are very well aware of, i.e. you
do not know the duration of life of the males released. For example, if they
live longer than a month and you make monthly population studies, your con-
clusions may be thrown out. )

F. SORIA: This will be seen at the next release.

M. FERON: That is quite true. Another aspect of the steriie-male
programme which must be considered at the same time 1s that of deviging
irradiation methods in order to obtain very large numbers of sterile males.
Fairly accurate information is already available from the work done by the
Americans in Hawaii and this provides an order of magnitude, but it must
be adapted to our conditions and to the biological material we are dealing
with; their insect strains are necessarily different from what we have in
the Mediterranean, and all the dosimetiry and biology work must certainly
be checked before we can safely release both males and the females which
it would be dangerous to release if they alse were not rendered sterile.

There is one remark I should like to make on our own recent work. We
unfortunately did not find a method of separating females from males before
the insecis hatched cut, and we tried to find if there was a difference at the
pupal stage. There is in fact a difference in weight but also unforiunately
a difference in volume. On the average the female pupae weigh 0.5 mg more
than the males. This is very little and the weight graphs for the two sexes
are so similar that no automatic mechanical way of separating the pupae can
be seen at the moment. We also made some experimenis with the eggs and
were no more guccegsful; we could not find a difference in the relative den-
gity of the eggs containing males and females,

Hence if they are to be separated, atiractants must be used; otherwise
the risk must be taken of releasing females at the same t{ime as males,
having firat made absolutely gure that the females are sterile.

F. SORIA: 1 should like to thank Mr. Feron for his advice and very
welcome suggestions. Now that the work has become youtine in Tunisia
we must begin to plan the follow-up. It would be impossible to go directly
from the ecological study to the stage of making releases without knowing
how the Tunisian fliea will react to gamma-ray treatment., Accordingly a
great deal of laboratory work must first be done. Once the doses have been
determined amalil releases can be made in limited areas - a small-holding,
an isolated orchard in a cereals area, or one of our many cases,








