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Foreword

This publication relates the results of an international symposium
devoted to fruit flies pests. The economic damage caused by these harmful
insects is the cause of considerable concern in many areas of the world.
This is in fact the first large-scale meeting in a field of so very great
interest and únportance.
The growing accent upon the protection of crops and on research and
development of integrated control programmes using techniques which are
not damaging to man and the environment led to the participation of
numerous experts, with 115 official representatives from 22 countries and
3 international organizations.
The work of the meeting, which was divided into sessions, was concerned
with six main topics involving, in particular, aspects of behaviour and
genetics, relationships between insects and host-plants, pest management,
and methods of biotechnical and integrated control.
The main aim was to increase basic and applied knowledge, to look for the
most suitable control strategies, and to identify potential research
areas for future programmes of action. This goal was definitely attained
as can be seen from the scientific level of the numerous comnunications
which are reported "in extenso" and which, together with the results and
the recommendations formulated in each session, demonstrate the undeniable influence of meetings of this kind on future research needs.
The vital role of the stimulus of the meeting for phytosanitary defence
should also be stressed; there was a spirit of active collaboration
between the Commission of the European Communities which is carrying out
a well defined research programme on this aspect of agriculture and the
International Organization for Biological Control which is pursuing
similar aims.
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Welcome address of the president of the symposium
R.CAVALLORO
Commission of the European Communities, Joint Research Centre, Ispra, Italy

Ladies and Gentlemen, dear Colleagues,
It is with great satisfaction and keen pleasure that I see gathered
together here such numerous experts from different Countries to take
part in the Symposium on Fruit-flies of Economic Importance.
First of all, permit me to give all of you my most cordial welcome
and tell you my joy at seeing such an authoritative presence. In fact,
the theme which brings us together merits such wide participation and
the occasion certainly represents an important moment in scientific research and in the efforts of everyone to find the most valid and suitable solutions to the serious problems caused by such harmful pests.
The Diptera Trypetidae occupy a particularly important place in the
list of enemies of plants, both because of their widespread presence
(they are found everywhere, except in the Arctic and Antarctic regions),
and because of their great economic importance due to the number of
plant species attacked, and the enormous direct and indirect damage
caused by the major part of the species, having grave effects on the
agricultural economy of many Countries.
This awareness has led to the Symposium which has been organised
jointly by the Commission of the European Communities, in particular by
the General Directorate of Agriculture, and by the International Organization for Biological Control of Noxious Animals and Plants, in particular by the West Palaearctic Regional Section.
A programme of activity in the phytosanitary field is, in fact,
being carried out in the 10 Member Countries of the European Communities
following a decision of the Council of Ministers which, in 1978, defined
coordination programmes of community agricultural research, one of which
is centered on the integrated and biological control against crop pests.
In the same year of 1978 an IOBC/WPRS Working Group was set up to deal
specifically and actively with problems related to Fruit-flies of Economic Importance.
The activity of the CEC is composed of common actions on the basis
of research contracts with selected institutes, and of concerted actions, such as meetings of experts, study visits, exchanges of research
scientists, etc. The activity of the IOBC is concerned with establishing
ad hoc working groups which have in particular the duty of identifying
specific phytosanitary problems, to carry out joint research projects
and to facilitate the exchange of information between specialists.
CEC/IOBCSymposium/Athens/Nov.
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Both are directed towards a common final goal, that is, to increase
agricultural production by defending it from adverse causes, while at
the same time saveguarding both the environment and human health.
This is also the objective of the present Symposium. Its purpose is
to further the exchange of information in order to build up the background of basic knowledge concerning Fruit-fly pests, to identify the
suitable strategies for their control, and to pick out and suggest potential areas of joint research to perform in this field in the near future.
In effect, the philosophy is to control the Fruit-fly pest population in order to reduce the damage it causes to economically acceptable
levels, without, at the same time, altering the parameters which maintain the stability of the agro-ecosystems.
With this in mind, in the extended and complex gamma of investigations, the Symposium, which is articulated in sessions, will permit us
to elucidate the problems, to debate more specifically on biological,
ecological, etological and genetic aspects, on relationships between
insects and host plants, on the choice of economic thresholds for
intervention, on systems analysis and mathematical modelling related to
predictable events and on integrated pest control.
In this last context I have no doubt that for
will be put on encouraging the fullest use of natural
ty factors, integrated with artificial non-polluting
gement, due to the serious risks of the residues and
of the major part of pesticides.

everyone the accent
biological mortalimeans of pest manato the side-effects

How will the agricultural products which are the subject of our
hard work be defended, taking account also of the necessity to defend
the environment in which we live? Within the framework of the Common
Agricultural Policy this is the problem faced by the CEC and this problem is shared with the finalities of the IOBC.
The problems to be resolved are many and have many facets, but the
results which emerge from our work will certainly help us to recognise
the lines of research to be followed in the future which will be pursued
with determination and energy and in close collaboration.
It is my pleasure to extend to all of you the most cordial greetings of welcome on behalf of the CEC, the General Directorate of Agriculture, and on the part of the IOBC, as Convenor of the Working Group on
Fruit-flies of Economic Importance. I want to thank you in advance for
your participation and I am convinced that this meeting will prove to be
of particular interest for all.
I feel sincerely that our work here will be useful and fruitful and
that we will enjoy a successful Symposium in this Greece which has
offered us its hospitality, the cradle of superb art, culture and intellectual life. All our heartfelt gratitude goes to the local Authorities
for having favored our meeting and for their kind and warm reception.

Opening speech on behalf of the Ministry of Agriculture of Greece
S.YOTAS
Undersecretary of Agriculture, Greece

Ladies and Gentlemen,
In a country like Greece where a large portion of the total national
income is based on agricultural production, much emphasis is concentrated
on the control of harmful insects and plant diseases. A very important group
of destructive insects for our agricultural production is that of fruitflies. Among them, the most important for Greece are the olive fruit-fly,
the Mediterranean fruit-fly, which infests most of our fruits, and the European cherry fruit-fly. Due to their importance, fruit-flies have been subject of extensive research from many scientists and specialized laboratories
and country-wide projects of fruit-fly control are applied with success for
several years now in my country. Thus, considerable experience has been accumulated on the matter. Nevertheless, we think it is very important for us
to become familiar with your recent progress on fruit-fly control research
all over the world.
Our goal is in an efficient fruit protection with a little damage as
possible to the environment and if possible no harmful effect on the Greek
and/or foreign consumer.
We feel privileged to host such an important symposium as yours. Plant
protection specialists from the Greek Ministry of Agriculture will attend
this meeting to enrich our experience on the subject.
Welcoming all the participants of this Symposium, I wish progress in
your work and conclusions which will help both, scientists to extend their
knowledge and farmers to control fruit-flies more efficiently.
Finally, I would like to thank on behalf of the Greek Governement all
organizers and sponsors who made this Symposium possible, as well as all of
you that came to help in producing better fruits for man.
I am pleased to open this Symposium which I am sure will be a fruitful one.
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Opening address
R.JORDENS
Federal Ministry of Food, Agriculture & Forestry, Bonn, FR Germany

Secretary of State, Chairman,
Ladies and Gentlemen,
It is a particular honour for me to address this distinguished audience on behalf of the Standing Committee on Agricultural Research of the European Community and on behalf of
its Programme Committee on Biological and Integrated Control
in particular.
This symposium on Fruit Flies of Economic Importance is
certainly one of the highlights of the EC Research Programme
on Biological and Integrated Control; the large number of
outstanding scientists who are assembled here guarantees its
success. We are proud to see the broad scientific echo which
the relatively young EC Research Programme provokes all over
the world. It may be worthwhile to have a quick glance at the
background and the framework on which this symposium is held.
The EC Council of Ministers decided in October 1978 to
start a 5-year-research programme on agriculture, in which
Biological and Integrated Control was one of ten research
topics. The overall aim of the Biological and Integrated Programme was to open up ways for reduced application of chemical pesticides in agriculture in order to avoid possible
stresses on human health and the environment.
The following criteria were applied to identify priority
areas to the EC research programme
- Common interests within the EC Member Countries
- Importance to the economy, the environment and the
consumer
- Immediate applicability of the findings to agriculture
- Clear results should be obtainable within the duration
of the 5-year-research programme
- Costs must be in reasonable relationship to the research
goals.
By means of these criteria the following specific objectives (research areas) were selected:
a) Fruit
Since integrated research was well advanced, activity
was centred on coordination of the existing national pilot
projects on integrated control in apple orchards and on the
solution of specific problems encountered, mainly the production and application of materials of a viral basis.
For olives and citrus it was decided to support the establishment and coordination of pilot projects.
CEC/IOBC Symposium /Athens /Nov. 1982

b) Vegetables
As there were only elements of an integrated system of
pest management available support of further studies was considered to be necessary:
- Control of damaging pests of cabbage (dynamics of the
pest populations; reduction in the use of insecticides;
biological control)
- Control of the carrot fly (resistant carrot varieties;
growing systems)
c) Cereals
Integrated control in this crop was considered to be at
its very beginning. The main problems to be dealt with were
identified as follows:
- Reduction of the use of fungicides (against Septoria nodorum, Erysiphe gramineis. Pseudocercosporella herpotrichoides)
- Control of aphids by means of better identification and
knowledge of population dynamics
- Stimulation and manipulation of the natural antagonists
to damaging organisms in cereals.
d) Testing and registration of biopesticides
As the extension of biological and integrated control
depends largely on the availability of biopesticides, and
since appropriate legislation does not yet exist on a Community level it was decided to develop adequate registration
procedures and to advise the EC Commission services accordingly.
About 100 project proposals were considered in the course
of the programme. 31 were selected for Community funding un- .
der contract in accordance with the specific research priorities mentioned above. The intermediate results were evaluated
in 1981 and proved to be very positive in most cases.
Concurrent to the work on projects, coordinated activities, mainly workshops and exchange of scientists, were organized.
The workshops served to identify gaps in knowledge and
afforded opportunities for coordination among those contractants working on related projects. The exchanges provided an
opportunity for scientists to become familiar with the work
going on in other member countries within the above-mentioned
specific fields of research.
The whole EC Integrated and Biological Control Programme
is being evaluated at present by an external expert.
From the start the EC gave particular attention to the
efficient coordination with other organizations active in the
field of integrated and biological control in order to avoid
unnecessary duplication. Therefore, the IOBC have participated since the beginning in the meetings of the EC Programme
Committee. Its representative, Prof. Pelerents from Ghent,
Belgium, chaired several EC workshops. And vice versa, the
distinguished chairman of this symposium and scientific
coordinator for the EC Programme participates in the IOBC
Council Meetings and was nominated Convenor of the IOBC Group
on Fruit Flies of Economic Importance. We as officials of the
EC research programme feel extremely honoured to see the attention which a well established scientific organization such

as the IOBC gives to our activity. We know that without the
scientific advice of IOBO our work would be made much more
difficult. I should note in this context that we are at present establishing scientific links with FAO in the field of
integrated control in olive groves.
I should add that the future perspectives of the EC research in biological and integrated pest management are rather promising. At the moment the EC Commission, with the advice of the Standing Committee on Agricultural Research, is
preparing the future programme on agricultural research
scheduled for the period 1984-1988. Biological and integrated
control will continue to play a predominant role.
Emphasis will be given to the following subjects:
- Comparison of integrated farming systems with operating in a traditional way. Resolving of key problems of integrated control in cereals, sugar-beets, oilseed crops (rape)
as the principal elements of such integrated farming systems. Stress will be given to diseases rather than to pests;
- Integrated control in vegetables and protected crops
with the view to avoid residues in these productions which
are destinated for direct human nutrition;
- Integrated control in wine growing.
The important part which the EC is willing to accord to
research on biological and integrated control in the future
research programme is, among other reasons, the result of
successful research work and research coordination in the
present programme. This symposium is an outstanding and convincing example of such collaboration.
I am extremely pleased to congratulate Prof. Cavalloro,
the Senior Scientific Coordinator of the EC Research Programme, the Convenor of the IOBO Fruit Fly Working Group and
the distinguished entomologist and ecologist who will chair
this meeting.
I also have pleasure in thanking the Greek authorities
for providing the excellent conference facilities which enables us to meet on classical ground in Athens. I would also
like to mention and thank the invaluable contribution of the
local organizing Committee under the chairmanship of Dr.
Economoupolos, for planning the scientific programme and
social events for this symposium; these will undoubtedly ensure its scientific and social success.
Ladies and Gentlemen, I would also like to thank you for
participating. I wish you fruitful deliberations and successful scientific exchanges during the coming week.
By organizing this meeting in collaboration with the
IOBC, the EC hope to increase scientific progress and exchange and thereby avoid unnecessary duplication of work.
From this symposium a broad picture of the 'state of the art'
in fruit fly research should emerge which will help in assessing and defining future research needs in the next pluriannual programme. Both international organizations involved
in this symposium, the European Community and the IOBC, are
therefore most grateful to all of you for your participation
in and dedication to this most important area of biological
research.

Allocution de bienvenue
P.JOURDHEUIL
Vice président de l'OILB/SROP

Monsieur le Secrétaire général,
Mesdames, Messieurs,
Consciente de l'importance économique des mouches des fruits, notamment
dans le Bassin méditerranéen, consciente également des problèmes que
posent la mise en oeuvre de traitements chimiques classiques, la section
Ouest-Paléarctique de l'Organisation Internationale de Lutte Biologique
s'est efforcée depuis sa création, c'est-à dire il y a plus de vingt ans,
de promouvoir des recherches en vue de l'élaboration de stratégies de
prévention et de protection plus raisonnées vis-à-vis de ces dangereux
ravageurs.
C'est dans cet esprit, qu'au cours des années 1960, elle a donné son
appui aux opérations de lutte biologique menées en Sicile par le Professeur MONASTERO et visant à limiter les pullulations de la mouche de
l'olive Dacus oleae à l'aide de lâchers inondatifs d'un hyménoptère
parasite Opius concolor.
Avant la fin de cette décennie, l'OILB/SROP tentait de mettre en place
trois groupes de travail, l'un sur la lutte intégrée en oléiculture qui
resta malheureusement à l'état de projet, un sur la mouche de la cerise,
Ragholetis cerasi et un sur la mouche méditerranéenne des fruits, Ceratitis capitata, ces deux derniers ayant fait preuve d'une remarquable
activité.

A l'expérience, il s'est avéré que, compte tenu du faible effectif de
chercheurs travaillant sur les diverses souches des fruits dans le
domaine couvert par la SROP, compte tenu de l'étroite pacenté systématique et bioécologique de ces ravageurs, donc des solutions de lutte à leur
apporter, il était plus logique et plus efficace de regrouper l'ensemble
des activités au sein d'un unique groupe de travail commun dont la
Direction a été successivement confiée à Monsieur BOLLER puis à Monsieur
CAVALLORO et au sein duquel Monsieur ECONOMOPOULOS,· Secrétaire général et
principal organisateur de ce Symposium, a joué un rôle particulièrement actif.
Avec la mise en place, à cette même époque, par la Commission des
Communautés européennes, d'importants programmes de recherches axés sur
le thème lutte biologique et intégrée et intéressant notamment l'agrumiculture et l'oléiculture, cette restructuration s'est avérée particulièrement judicieuse dans la mesure où elle a permis une étroite complémentarité d'action et une coopération exemplaire entre les deux organisations, l'OILB forgeant des techniques nouvelles, la CCE les intégrant au
sein de systèmes globaux de lutte.
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Après quatre années d'une telle coöperatie«, il a paru utile aux deux
organismes de réaliser conjointement un bilan de ces activités et également d'élargir cette confrontation aux excellents travaux qui sont
également poursuivis sur les mouches des fruits dans d'autres régions du
monde. Le choix d'Athènes comme lieu de ce Symposium international se
justifiait tout particulièrement par le fait que la Grèce est un des pays
de l'Europe du Bassin Méditerranéen les plus touchés par ces problèmes,
qu'elle a fait un effort de recherche remarquable dans ce domaine et
au'elle a, de tout temps, apporté à l'OILB un soutien fidèle et une
participation active.
Au nom de
autorités
au succès
Symposium

notre organisation, je remercie très chaleureusement les
grecques d'avoir si généreusement et si efficacement contribué
de cette réunion et j'adresse, à tous les participants à ce
international, mes meilleurs voeux de bienvenue.
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Opening address on behalf of the organizing committee
A.P.ECONOMOPOULOS
Demokritos Nuclear Research Centre, Athens, Greece

Distinguished representatives of the Greek Government and International
Organizations, Ladies and Gentlemen, dear Colleagues.
In September 1981, the Working Group on Fruit-flies of Economic Importance of the International Organization on Biological Control convened in
Catania, Sicily and, among others, made an effort to find out the best way
to spend its tiny budget. Since no effective research organization could be
achieved with so little money the idea came to use this budget on a Fruit-fly
International Symposium to be organized every 4 years, in-between International
Congresses of Entomology. This way, world fruit-fly specialists could get
together and discuss at least every 2 years.
In the Catania meeting it was also decided to hold the first International Fruit-fly Symposium in Athens, Greece. Besides I.O.B.C, the E.E.C,
decided from the very beginning to support the Symposium, and, I must admit
that, without its generous support this Symposium would have not occurred.
Among others, it financed the participation of 35 scientists. At this point
I must add that the host country, Greece, did also its best and thanks to
the generous support of the Ministry of Culture and Science, the Ministry of
Agriculture, the Greek Atomic Energy Commission, the National Tourist Organization, the Agricultural Bank of Greece, the "Eleourgiki" Central Union of
Olive Cooperatives, the Olympic Airways and the Entomological Society of
Greece, the Organizing Committee was able to cover most of the cost for the
Symposium organization and social events. The remaining was covered by your
registration fee.
During the Symposium, 85 papers will be presented on 9 major, very
destructive, fruit-fly species : Anastrepha
Daaus dorsalis,
Rhagoletis

Dacus frontalis,

conversa,

and Rhagoletis

suspensa,

Daaus oleae,
pomonella.

Ceratitis,

Daaus tryoni,

Capitata,

Rhagoletis

aerasi,

The Mediterranean fruit-fly and

the olive fruit-fly will dominate throughout the Symposium. Besides the above
species, several others are mentioned or discussed to a lesser extent in the

CEC /IOBC Symposium /Athens /Nov. 1982

11

above papers. The participants that had subscribed till the end of October
were 101 from 23 countries and 3 International organizations.
Dear Colleagues, as we all know very well now, there is no easy answer
to your problem, that is how to prevent the damage caused to our fruits by
these flies. What we seek is to stop or neutralize the process of fruit-fly
reproduction in which our fruits play a central role. Wide use of insecticides used to be the effective answer to the problem. Not quite so any more,
due to harmful effect not only to the fly but to the human being and the environment as well. Thus, the problem now requires laborious and sophisticated
methods to cope with sophisticated flies in a sophisticated and sensitive
environment. I sincerely hope that by the end of this meeting the picture
will be brighter for man (unharmed and safer fruits and vegetables) for the
environment (less pollution) and, why not, for the insects (no extensive
killing but gentle management).
On behalf of the Organizing Committee I would like to wish to all of
you a productive Symposium and an enjoyable stay in Athens.
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Session 1
Biological and ecological aspects of fruit fly populations
Report cxi Session 1
M.E. TZANAKAKIS, Chairman of the Session
Life systems and strategies of resource exploitation in
tephritids
Methodologie utilisée en Espagne pour la réalisation des
études bioécologiques sur les populations naturelles de
Dacus oleae (Gnel.) - Résultats préliminaires obtenus en
deux années de travaux
The present status of the olive fruit fly (Dacus oleae
Gmel.) in Granada, Spain, and techniques for monitoring its
populations
Ecological studies on Rhagoletis cerasi L. in Crete for the
use of the incompatible insect technique
Multilarval infestations by Rhagoletis cerasi L. (Diptera,
Trypetidae) in cherry fruits
Short note : larval infestations by Rhagoletis cerasi and
other insects on sour black cherry fruits in Greece
Population studies on the oriental fruit fly, Dacus dorsalis
Hendel, in Central Taiwan
Importance of ecological studies for application S.I.T.
against Ceratitis capitata Wied
Fruit fly symbiosis and adult survival : general aspects

Symbiotic bacteria of Rhagoletis pomonella
Effects of vitamin overdosing on adult Dacus oleae
The adaptation process and the biological efficiency of
Dacus oleae larvae
Male olive fruit fly pheromone : isolation identification
and lab bioassays
Fruit flies and their natural enemies in India
The viruses of Ceratitis capitata wied. in vivo and in
vitro
Laboratory studies on oviposition and on the structure of
the ovipositor, in the Mediterranean fruit fly Ceratitis
capitata (Wied.)
Structural heterogeneity of the egg-shell between Ceratitis
capitata and Dacus oleae : evidence for the participation of
peroxidase in the crosslinking of chorion proteins
Behaviour and interactions between Anastrepha ludens (L) and
A. oblicua (M) on a field caged mango tree
I. Lekking behaviour and male territoriality

Report on Session 1
M.E.TZANAKAKIS
Thessaloniki, Greece

Session 1 included quite a diverse group of subjects, such as strategies
or resource exploitation, surveys of fruit flies and their hosts and
natural enemies, morphology, identity and role of symbiotic and pathogenic microorganisms, larval competition, identification of sex pheromones, lekking behaviour, sampling methods, and population density
curves. Therefore, a summary would be problematic and of questionable
usefulness.
How various signals (chemical, auditory or other) are integrated into an
intraspecific communication system, whether they emanate from the insects
or their host plants, how the lack of a sex pheromone in an artificial
diet can be improved, the possibility of using incompatible fruit fly
strains for genetic control, the importance of neighbouring forests as
reservoirs and hibernation sites of harmful fruit fly species, the
development of prediction models for fly development under various
environmental conditions, are certainly fields of interest where much
progress remains to be made and is desirable. Much of course is needed
and desired in such fields as nutritional physiology, sensory physiology
and behaviour analysis of the most important fruit flies. Yet, among the
fields covered by the 18 papers of this Session, it is suggested that
three are worth of special encouragement, because either they need
filling of important gaps of knowledge for developing new methods, or
improving existing methods of population monitoring or control, or
because they contribute to better basic knowledge of essential aspects of
fruit fly biology.
They are :
1. Standardization of population sampling techniques.
2. Identification and function of symbiotic microorganisms and possible
practical outlets.
3. Intraspecific competition at either the larval or adult stage.
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Life systems and strategies of resource exploitation in tephritids
H.ZWOLFER
Department of Animal Ecology, University of Bayreuth, FR Germany

Summary
Increasing ecological information suggests that there
are at least 3 basic strategies by which tephritids
exploit plant resources. 1) Opportunistic broad-range
exploiters of pulpy fruits. Representatives of this
group (e.g.Anastrepha,Dacus spp.) are multivoltine,
usually highly mobile and have a high reproductive
potential.Association with the host occurs in the egg
and larval stage and is short.Adults are long-lived
and have often to cope with unpredictable environmental
situations. 2) Specialized exploiters of pulpy fruits.
Members of this group are univoItine,spend most of their
life in pupal diapause in the soil,have a low mobility
and produce less eggs.Important features of this group
(e.g.Rhagoletis spp.) are a close synchronization of
adult emergence,mating and oviposition with particular
fruiting phases of their hosts.Oviposition-deterring
pheromones and larval interference competition contribute
to economic use of the food substrate.The host relationships in this group often combine high host specificity
with low evolutionary stability of a given host pattern.
3) Specialized exploiters of relatively stable plant
structures. This group is characterized by a very close
association with the host which becomes a multipurpose
resource and the main arena for predator and parasitoid
attack and competitive interactions with other herbivores.
The species are usually uni- or bivoltine,fairly sedentary and have a low reproductive potential. The most advanced forms are gall-makers which force their host to
channel assimilates into protected feeding sites. Often
several tephritid species of this group exploit the
same host species with elaborately segregated food niches.
Many taxa of tephritids of this group have co-evolved
with their hosts.

1. Introduction
For students of insect behaviour, evolution and population
genetics, of insect-plant interactions and biosystematics, the
Tephritidae are one of the most fascinating insect families.
However, much of the biological richness and ecological diversity of this family is lost, if only the frugivorous species
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such as Dacus, Anastrepha,Ceratitis or Rhagoletis species
are considered. Therefore it is fortunate that the nonfrugivorous fruit-flies also contain species of economic
importance - pests such as Platyparea poeciloptera Sehr, on
asparagus, Acanthiophilus helianthi Rossi and Chaetorellia
carthami Stack, on safflower and beneficial species such as
members of the genera Procecidochares, Urophora or Tephritis
which are used in the biological control of noxious weeds.
This justifies discussion of the frugivorous as well as the
non-frugivorous tephritids in a symposium on fruit-flies of
"economic importance".
CHRISTENSON and FOOTE (8 ), BATEMAN ( 1 ) and BOLLER and
PROKOPY (3 ) have reviewed the biology and ecology of the
frugivorous fruit-flies in much detail. Therefore I shall
emphasize here the non-frugivorous group of tephritids which
is less well known but certainly just as interesting. I will
attempt to outline the life-systems and the methods of exploitation of the larval food resources in three major ecological groups of the Tephritidae.
2. Types of resources exploited by tephritids
The type of food utilized by tephritids in their larval
stage has a considerable impact on the life history and survival strategy of the species. Within a broad spectrum of
larval food, two major classes of substrate can be distinguished:
The first type of substrate is the pulp of fleshy fruits
of a wide variety of plant families. The larvae of typical
"fruit-flies" feed and develop in this resource but usually
leave the seeds undamaged (16).Thus, this type of exploitation
may be termed a "non-interactive grazing system" in the sense
of MONROE (15) · Such feeding does not directly affect the rate
of resource renewal although in some cases the chances of
seed dispersal may be reduced because of diminished attractiveness of the fruit for dispersal agents. Another important
aspect of this type of resource is that mature fruits are
relatively short-lived. This favours rapid exploitation of the
food substrate and reduces the period of contact of the
tephritid with its host.
The other major class of food substrates of tephritids
are all those parts of plants which are not pulpy fruits.
This is a wide array of vegetative structures such as leaves,
shoots or roots, and also the inflorescences of Asteraceae,
Lamiaceae and Capparidaceae.Tephritid species utilizing such
food operate in an "interactive grazing system", i.e. larval
feeding may directly influence the competitive capacity of the
host plant population. Species exploiting this type of food
largely use developing, immature plant tissues which are a
relatively long-lived substrate. Therefore a prolonged phase
of contact between the tephritid and its host plant or parts
of it becomes possible.
Both classes of food substrate can be exploited in two
ways: One is the opportunistic use of a broad spectrum of host
plants and the other is the specialized use of a particular
host taxon. As pulpy fruits do not possess the high structural
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diversity as vegetative parts of plants or inflorescences,
fruit-feeding tephritids have better prospects to evolve
broad host ranges than tephritids associated with other
parts of the host plant. Thus, the non-frugivorous tephritids
did not develop such extreme generalists as the fruit-feeders.
Table I shows the possible combinations of the generalist and
the specialist approach with fruit and non-fruit resources.

T y p e

of

fruit's

food
other structures

Insect-plant relationship

non-interactive
systems

interactive
systems

Duration of the
resource

relatively
short-lived

relatively
long-lived

Period of insectplant contact

relatively
short

relatively
long

flost range broad
(generalists)

type I strategy
(Dacus spp.
Ceratitis spp.
Anastrepha spp.)

type Ilia strategy
(Acanthiophilus sp.)

Host range narrow
(specialists)

type II strategy
(Rhagoletis spp.)

type Illb strategy
(Urophora spp.
Tephritini spp.)

Table I

J

Synopsis of food exploitation strategies
of tephritids

3.1

Broad-range exploiters of pulpy fruits (strategy I)
The great majority of tephritid species belonging to the
type of opportunistic exploiters of pulpy fruits live in the
tropical and subtropical regions of the Old and the New World.
Here, the fruiting seasons of the host plants are often displaced enough to allow the exploitation of successive resources. Typical representatives of this group of tephritids are
Dacus spp. (e.g. Dacus passiflorae Frogg., D.tryoni Frogg.
D.Cucurbitae Coqu.), Ceratitis spp. (particularly C.capitata
Wiedem. and Anastrepha spp. (e.g. A.ludens Loew, A. mombinpraeoptans Sein.,A. suspensa Loew ) .
Summary of bionomic data: Maximal egg numbers per female
range from 800 (C.capitata) to over 3ooo (A.ludens, Dacus
dorsalis Hendel). Under optimal conditions larvae complete
their development during a period lasting from 5 up to 25 days.
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They leave the fruit and pupate in the soil from where the
adults emerge after a pupation period which usually lasts
from 7 to 18 days. In most species of this group there is a
preoviposition period of 5 to 1o days. Under favorable con
ditions a rapid succession of generations may be "produced.
Adults are longlived and can survive unfavorable conditions.
A maximal adult longevity of 24o to 46o days (D.Cucurbitae)
has been reported. (All data taken from the synopsis published
by CHRISTENSON and FOOTE ( 8 ) ) .
A characteristic feature of this ecological group of
tephritids is the extended lifespan of the adults and their
high mobility. Longdistance flights may take place between
emergence from the soil and the onset of sexual maturity,
after disappearance of a fruit species used for oviposition
and to and from overwintering areas (1 ) . Such dispersal
flights may reach more than loo kilometers. For example,
marked D.Cucurbitae were recaptured 2oo km from the release
site (1Ψ ) . The combination of high mobility and broad host
ranges is an adaptation for survival in relatively unpredic
table environments. It predisposed some species, such as D.
tryoni and D. neohumeralis Hardy to becone serious pest0· of
cultivated f*ruits.
Long adult life, dispersive flights and migrations in
crease the importance of adult food, e.g. honey dew, nectar,
secretions of extrafloral glands or juices and tissues of
fruits (1 ) . Their long adult life increases exposure of these
opportunistic tephritid species to changing abiotic factors
in comparison to species spending most of their lifetime as
a pupa in the soil or as a larva in plant tissues. Particularly
the annual rain fall patterns influence population densities
and movements in a number of Dacus, Anastrepha and Ceratitis
species (1 )·
As with all frugivorous insects there is a premium for
rapid larval growth within the fruit to reduce the risks of
contacts with dispersal agents of the fruit  usually birds
or mammals. The short pupal period of this group of tephritids
is also of advantage, as it reduces exposure to the attack by
a broad spectrum of soil insects.
Intraspecific competition, i.e. overcrowding of larvae
within a fruit has been reported for several of these opportu
nistic species. It may lead to larval mortality or reduced
adult survival ( 13,18 )· It is noteworthy that so far ovipo
sitiondeterring pheromones which reduce the risk of overex
ploitation of the larval food substrate, have only been found
in Anastrepha spp. (22) and Ç. capitata (22) but not in the
polyphagous Dacus spp. A possible explanation may be seen in
the large size of many of the fruits used by this group of
tephritids for oviposition. The risk of larval overcrowding
could be a tradein for the chance to profit maximally from the
varying larval food substrates by multiple attack. Interspe
cific competition among members of this group of tephritids
has been observed in areas where native and introduced or two
introduced species occur together on cultivated fruits. In such
cases certain species, e.g. Dacus dorsalis, seem to be superior
competitors when in contact with other species such as Ç.
capitata. In D.dorsalis a type of "cleptoparasitism" (i.e. the
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use of the egg punctures of Ceratitis for oviposition ) and
inhibition of the larval development of the competitor ( 8 )
are special adaptations of this polyphagous species to eliminate other fruit-fly species in a given host fruit.
3.2 Specialized exploiters of pulpy fruits (strategy II )
The majority of Dacus spp. and most of the fruit-feeding
members of the Trypetinae belong to this group. Its best known
representatives are the species of the large genus Rhagoletis.
BOLLER and PROKOPY (3 ) provided a comprehensive review of
this group.
Summary of bionomic data: Larval development lasts 15 to
3o days. The larvae pupate in the soil. Hibernation occurs
during the pupal period which is usually longer ( 3o to 33o
days ) than the period spent in the adult stage ( under optimal conditions 3o to 5o days ). For species which have been
studied in detail egg numbers of 5o to 4oo have been reported ( 8 ) .
This group of fruit-flies has some features in common
with the frugivorous generalists : The strategies of both
groups profit from the fact that even at high population densities of the flies the survival of the host plants is not
directly affected. On the other hand, there is a need to
abandon the mature fruit as early as possible to escape prédation of frugivorous birds and mammals (which as dispersal
agents of the seeds are the "legal" exploiters, as far as
the plants are concerned). Therefore, in both groups of
tephritids a feature of the exploitation strategy is to
shorten the period of contact with the host. But in contrast with the broad-niched fruit-fly species, where displaced fruiting seasons of the host plants require a prolongation of adult life, the main problem of the stenophagous
frugivorous tephritids is a close adaptation of their biology to a particular plant species and its fruiting pattern.
Precision in seasonal synchronization, search and choice of
hosts and economy in the exploitation of a specific larval
food substrate are more important than a high reproductive
potential, longevity and mobility.
The following description of the strategy of specialized
frugivorous tephritids is based on data available for members
of the genus Rhagoletis. As the pupae hibernate in the soil
usually in the immediate vicinity of the host, there is no
need for extended dispersal flights (3 ). Synchronization of
the emergence of adults with the ripening of host fruits is
in most species brought about by a diapause system closely
adjusted to climate and photoperiod ( 3 )· Pupal carryover for
two and even more winters has been reported for several Rhagoletis species. It constitutes a "spreading of risk" as the
population can thus survive failure of the host plants to fruit
in a particular year. Nondispersive movements bring the teneral
adults into contact with the host plant and its fruits. Relatively unspecific visual stimuli, host specific leaf stimuli
acting as contact arrestants and odour stimuli of the susceptible host plants are used to identify the oviposition sites
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and also lead males and females to specific mating sites
which are on or near the host fruits. In certain Rhagoletis
species (e.g. R.pomonella Walsh ) a male pheromone occurs
which is possibly an arrestant or an aphrodisiac for females
( 2 1 ) . Male territorial behaviour on the rendezvous sites is
a common phenomenon in this group of tephritids. It may contribute to a more even distribution of flies over the available
host fruits.
As has been discussed in detail by PROKOPY ( 22) the females of all Rhagoletis species which have been intensively
studied, possess oviposition-deterring pheromones. A recent
study of BAUER ( 2 ) demonstrates that the interplay of this
oviposition deterrent and larval behaviour produces a sophisticated regulation mechanism in R. alternata Fall., a fruitfly breeding in rose hips ( Rosa spp. ) The R. alternata
populations studied in our observation areas (Upper Frankonia,
Bavaria) have to cope with a yearly changing supply of rose
hips. If the supply is large, the female marking pheromone
contributes to an even distribution of ovipositions and helps
to avoid the waste of eggs. If the supply of rose hips is insufficient, the underexploitation of host fruits rather than
the waste of eggs has to be avoided. As the oviposition deterrent is not a complete barrier, rose hips will eventually
receive more than one egg, if there are not enough fruits.
Large rose hips are more liable to multiple oviposition,
possibly because the deterring effect of the marking pheromone
is reduced if it is spread over a larger surface and its concentration lowered. The hatching larvae of R.alternata do
not waste their food by scramble competition (as is the case
in many Dacus species ) but eliminate surplus competitors before they start their development. Even if there is a tenfold overloading with eggs only one or two Rhagoletis larvae
survive. Thus, larval interference competition perfectly
adjusts larval density to the carrying capacity of the
rose hips and the female marking pheromone (perhaps also male
territorial behaviour ) maximizes dispersion over the available
food resource.
Even if produced by plants belonging to different genera
or families, pulpy fruits have many common characteristics,
which determine their suitability as larval food of fruitflies.This structural similarity of pulpy fruits, the relatively short period of the year during which fruit-flies such
as Rhagoletis spp. are associated with their hosts and the coincidence of mating and oviposition sites produce a predisposition for host shifts and the formation of host races.
Indeed BUSH has demonstrated that in Rhagoletis relatively
small changes in genes determining host selection and larval
survival can even lead to sympatric speciation ( 5» 6, 7 )·
Rhagoletis is one of the few animal taxa, where host shifts
and the formation of host races are so well documented that
definite conclusions regarding speciation processes have become possible ( 4- ). It is remarkable that in Rhagoletis
host shifts to taxonomically unrelated plant species
have often occurred.
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4. Exploiters of vegetative structures and inflorescences
(strategy III)
In the temperate regions of the Old and the New World the
group of tephritids developing in vegetative structures of
plants or in inflorescences is much more numerous than the
frugivorous fruit-fly species. As representatives of this type
of exploitation the genus Urophora in the subfamily Trypetinae
and several genera of the tribe Tephritini (subfamily
Tephritinae) will be discussed, because these taxa have been
studied in the context with biocontrol projects and much
biological and ecological information is available. The
relatively scarce biological data published for other nonfrugivorous tephritids of the subfamilies Trypetinae and
Tephritinae suggest that many of the features characterizing
the life-system of the species selected here may also be found
in other taxa of this ecological group of fruitilies.
Bionomic data: Larval development lasts from 20-40 days.
As a rule the mature larvae or pupae hibernate in their hosts.
The species are mostly univoltine and - more rarely - bivoltine.
In univoltine species, direct association of the immature
stages with their host may last more than 300 days, in
bivoltine species it is somewhat shorter. With a few exceptions
(e.g. the genus Tephritis where the adults overwinter) adults
of this group of tephritids are relatively short-lived, i.e.
they usually do not live longer than 25 or 30 days. If the
full-grown larva hibernates, the pupal period is also short,
lasting from 15 to 25 days. The few records on egg production
available for this group of fruit-flies suggest a range of 50
to 150 eggs/female.
In the group of fruit-flies discussed in this section
almost the whole life-time is spent on or in the host plants
or in parts thereof. An exception are the relatively few
species with hibernating adults or with leaf-mining larvae
which usually pupate in the soil. The close association of all
stages with the host plant justifies for this group more than
for the others the classification as "plant parasites" in the
sense of PRICE (2o).
All parts of the host plant can be utilized by this group
of fruit-flies: roots, stems, buds, leaves, seeds and whole
inflorescences. Moreover, many species are capable of
increasing the structural diversity of their host by inducing
the growth of galls which are so complex that they may be
considered as new organs of the plant (23) · Among the wide
range of plant structures used by Palearctic and Nearctic
non-frugivorous tephritids, no other organ is more intensely
exploited as the flower heads of the Asteraceae and particularly of the Cardueae, i.e. of the thistles and knapweeds.
These flower heads are food resources with a high structural
diversity. In the annual and biennial Astereae species they
receive all the reserves accumulated by the plant and they
are therefore particularly rich food substrates. In their early
stages, flower heads contain much meristematic tissue which
facilitates the formation of galls. The involucre, i.e. a
circle of bracts which are often armoured with spines, provides
a certain degree of protection for the inhabitants. In most
Asteraceae species the flower head is a relatively stable
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structure which désintégrâtes later than leaves or even shoots.
In several Cardueae genera the flower head with its involucre
constitutes a vehicle of dispersal of the seeds as well as the
insect inhabitants of the capitulum. A large number of
Asteraceae taxa with a broad array of different types of flower
heads exist. Finally, flower heads are a highly predictable
food resource, as many of the host species occur in fairly
high densities and with a reliable annual seed production.
The benefits provided by this type of microhabitat are
obvious. However, there are disadvantages: exploiting flower
heads or comparable structures involves particular costs.
As they develop in a rich and relatively stable food resource,
the tephritid larvae have to cope with numerous competitors:
other fruit fly species, larvae of gall midges, microlepidoptera,
weevils and other Coleóptera families and cynipids. Because
of their extended association with the host plant, these
tephritid larvae become more predictable targets for specialized
natural enemies than those of the frugivorous species. They are
particularly exposed to stenophagous parasitoids which themselves may be associated with the host plants of the
tephritids. To show the complexity of these interactions of
tephritids with competitors, predators and parasitoids.
Figure 1 gives a summary of the energy flow through a flower
head population of Centaurea maculosa Lam. (collected in
October 1965 nr Esztergom, Hungary). The heads are exploited
by two gall-forming tephritids (Urophora affinis (Frfld.) and
U. quadrifasciata (Frfld), 2 seed- feeding tephritids
(Terellia virens (Loew) and Acanthiophilus helianthis Rossi)
a gall-forming cynipid (Isocolus jaceae (Sehr.). A gelechiid
(Metzneria paucipunctella (Zell.) operates as predator of the
tephritids and also as seed-feeding phytophage. A number of
stenophagous parasitoids form a second trophic level. Figure 1
uses the symbols of the energy circuit language developed
by H.T. ODUM (19 ) Hexagons represent organisms which control
the energy flow (= arrows and lines).
The large number of potential host plants with many types
of flower heads, the stability and predictability of the food
resource and the pressure by competitors led to a high rate of
speciation combined with a high degree of ecological
specialization and niche partitioning which surpasses that found
in frugivorous tephritids. A phenomenon which has been called
"competition for enemy-free space"may have greatly contributed
to facilitate host shifts in this group of tephritids:
Phytophagous insects whose specialized enemies - usually
parasitoids - are tied to particular plant species by their
orientation and host finding system, may derive á temporary
advantage from any change of a host plant by decreasing
predator pressure (30)·
In contrast with speciation processes in Rhagoletis
a frugivorous tephritid, speciation in taxa such as Urophora,
Tephritis, Orellia, Terellia, Chaetorellia or Ceriocera
involved mainly transfer to plant species related to those
exploited by the ancestors of the tephritid. On the other hand,
speciation and the concurrent adoption of new hosts often
required more adaptive changes than in genera such as
Rhagoletis. These are particularly obvious in morphological
traits such as body size, form or shape of the tip of the
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Seeds
Urophora affinis
Eurytoma tibialis
Eurytoma robusta
Urophora quadrif.
Crataepus
Terellia virens
Habrocytus
Acanthiophilus h.
Bracon
Metzneria paucip.
Ormyrus
Monobaeus
Isocolus jaceae

Fig. 1

Energy flow i n a p o p u l a t i o n of f l o w e r heads of Cen
t a u r e a m a c u l o s a . Hatched hexagons r e p r e s e n t t e p h r i 
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Correlation between the diameter of immature heads of
host plants and the average length of the ovipositor
sheath of 9 Urophora spp.(names given in the appendix).

24

ovipositor sheath or length of the ovipositor. These integrated
differentiation processes on the ecological, biological,
physiological and morphological level are consequences of the
co-evolution of the tephritid taxon with a given plant taxon.
A good example is the evolutionary modification of the
ovipositor in the large tephritid genus Urophora which in the
Palearctic is exclusively associated with the Asterea tribe
Cardueae. The great majority of Urophora species are highly
host-specific and lay their eggs between the ovarioles of
immature flower heads Where the young larvae transform parts
of the receptacle and the ovarioles into multilocular galls.
The precise deposition of the eggs requires in each Urophora
species ovipositors adjusted in their length to the dimensions
of the immature heads of the particular hosts. In the genus
Urophora,the length of the ovipositor sheath is correlated
with the diameter of the immature capitulum of the host (Fig. 2 .
An exception is the short and blunt ovipositor sheath of U.
cardui (L.), a species which does not oviposit into flower
heads but into lateral and terminal vegetative buds of the stem
of Cirsium arvense.
Other evolutionary modifications involved in the adoption
of new host plants by tephritid taxa such as Urophora occurred
in synchronization mechanisms and orientation systems. Table 2
shows the emergence patterns of the adults of 5 Urophora spp.
and the corresponding oviposition periods which reflect the
different phenology of the host plants. Evolution in the genus
Urophora changed the development of the larval diapause so
that the peak of adult emergence coincides with the preflowering periods of the hosts. There is some evidence that the
particular shape and pattern of the bracts are important for
host recognition in Urophora and other taxa associated with
Cardueae hosts. By the manipulation of flower heads and by
experiments with dummies it could be shown that in Urophora
sirunaseva (Hg.) (host: Centaurea solstitialis), U. affinis
(Frfld.) (host: Centaurea maculosa), U. stylata (F.) (host:
Cirsium vulgare) and Chaetorellia sp. (host: Centaurea
solstitialis) the shape of the bracts is a specific release
stimulus for the probing response of the female (25, 26, 27)
These observations suggest that during speciation Urophora
and Chaetorellia spp. evolved orientation schemes which among other characteristics - use the pattern of the bracts
of Cardueae as recognition token. It is noteworthy that
Cardueae genera with a high diversity of bracts (e.g. Centaurea)
are associated with high numbers of tephritids. The evolutionary
modification of the shape of the bracts could affect the
orientation of specialized tephritid species and thereby
temporarily reduce seed prédation. One may therefore speculate
that the extraordinary diversity of shapes and patterns offered
by the bracts of most Cardueae results partly from selection
pressures by seed destroying fruit-flies.
An important consequence of the coevolution of tephritids
with Cardueae hosts was the formation of guilds with an
elaborate partitioning of the food niche. An example is the
tephritid complex associated with heads of Centaurea maculosa
(Figure 1 ) , where each species follows another trophic strategy.
U. affinis is an early gall-former in the receptacle and the
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ovarioles which is able to induce an increased flow of
assimilates into the attacked heads dg) U. guadrifasciata
oviposits later and transforms the achene into a gall.
Terellia virens is a solitary and highly specialized seedfeeder in the maturing heads. Acanthiophilus helianthi is a
gregarious seed- and receptacle-feeder with a broad range
of Cardueae hosts and usually two generations per annum.
A comparative analysis of the guilds of tephritids associated
with the heads of more than 5 0 Cardueae species ( 24, 29)
showed that only species with different trophic subniches
are able to coexist in a guild.
Urophora sp.

peak of emergence
of adults
(laboratory)
mid-March to
mid-April
mid-March to
early April
mid-April to
mid-May

Carduus
spp.
Centaurea
scabiosa
Cirsium
vulgare

jaceana (Hg)

mid-May to
mid-June

Centaurea
jaceana

affinis

Frfld.

late May to
mid-July

Centaurea
maculosa

Table 2

Emergence of adults of 5 Urophora spp. under laboratory
conditions. Source of the material were field-collected
flower heads which were kept at 18-22 C° (CIBC Station,
Delemont, 1963-65).

solstitialis p.
cuspidata Loew
stylata

F.

host plant

oviposition
in the
field
mid-May to
mid-July
mid-May to
mid-July
late June
to late
July
early July
to late
July
late June
to late
July

Non-frugivorous tephritids can cause substantial damage
to their host plant populations. For in contrast with frugivorous species they have the capacity to form interactive
grazing systems with their hosts if they reach high population
densities. In autochthonous insect-plant systems such as the
insect complex exploiting maculosa heads (Figure 1), the
numerous interactions operate as a buffer which usually prevents
the tephritid population to reach a density where the pressure
put on the host becomes visible. The situation is, however,
different in the simplified and largely predator-free
insect-plant systems established in successful biocontrol
operations. In Canada, two introduced tephritid species
U. affinis and U. guadrifasciata have increased in numbers until
their densities were twelve to eighteen times those of
European populations (17). Whilst in Europe their effect upon
C. maculosa and C. diffusa is negligible, in western Canada
they have made an important contribution towards reducing
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the agressiveness of these two weed species (10,11). A still
more impressive case is the tephritid Procecidochares utilis
(Stone), which forms stem galls and was introduced into
Hawaii as a biocontrol agent of the weed Eupatorium
adenophorum. The species has provided a complete control
of its host plant (12).
5. Discussion
This study attempts to outline the relationships between
the life systems and the way in which tephritids exploit
their larval food substrates. By their trophic strategies
the members of the family Tephritidae can be assigned to one
of the following ecological groups: a) generalized frugivorous
species, b) specialized frugivorous species and c) nonfrugivorous species. As the larvae of frugivorous tephritids
feed within the pulpy fruits without harming the seeds, they
do not directly damage the host plant, even if they occur
in high densities. But they are potential competitors of
frugivorous seed dispersal agents - including man. Nonfrugivorous tephritids, on the other hand, can damage the host
plant and reduce their competitive capacity, unless their
population densities are stabilized at a level far below that
resulting from a full exploitation of their host resource.
Thus, interactive as well as non-interactive host relationships can be found in this family.
At first sight it seems paradoxical that the great
majority of fruit-flies which are pests and all the main pest
species belong to that ecological group of tephritids which
do not harm their host plants. A possible explanation of this
paradox may be found in the often high population densities
of species operating in a "non-interactive grazing system".
Even over longer periods population densities of such species
can reach values near the carrying capacity of the host
without affecting the stability of the insect-plant system.
Therefore, it is not likely that selection pressures on the
host favoured the evolution of resistance mechanisms nor that
selection on the tephritid population put a premium on the
evolution of stabilizing behavioural traits which prevent a full
exploitation of the host. On the contrary, in frugivorous
tephritid taxa such as Rhagoletis the evolution of oviposition
deterring pheromones has maximized the use of host fruits by
facilitating an even distribution of the offspring. In an
interactive insect-plant system such a distribution would be
destabilizing, as it does not provide "host refuges", as is the
case with clumped distributions.
Another factor which may favour high population densities
in frugivorous tephritids can be seen in the relatively short
period during which the larva is in contact with its host plant.
Thus, exposure to specialized natural enemies, particularly
parasitoids, is shortened. Moreover, the short life time of the
fruit prevents the formation of diversified food webs which in
non-frugivorous tephritids can operate as a buffer of population
growth.
A third reason, why many frugivorous tephritids have
been predisposed of becoming pest insects is a wide-spread
27

potential to adopt new host plants. The generalized
frugivorous tephritids of the tropical and subtropical zones
are adapted to exploit a broad range of host species throughout the year. They could easily include introduced cultivated
species in their host spectrum and they certainly profited
from the fact that fruits of cultivated plants are usually
a particularly abundant resource. Some specialized frugivorous
species, on the other hand, could become pests by developing
host races adapted to introduced cultivated plant species (7 ).
Here, the general structural similarities of pulpy fruits
and the short association with the host facilitated host
transfers. This evolutionary flexibility is much less
pronounced in non-frugivorous tephritids as these are tied
more closely to their hosts.
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Appendix
Names of the Urophora species and their host plants in Fig.2.
1 = U.affinis Frfld, host: Centaurea maculosa Lam.
2 = U.quadrifasciata (Meig.),hosts : Centaurea maculosa,
C.jacea L., C. nemoralis Jord. and others
3 = U.congrua Loew, host: Cirsium erisithales (Jacq) Scop.
4 = U.solstitial!s (L.), hosts: Carduus nutans L.,C.acanthoides L.
5 = U.cuspidata (Meig.), host : Centaurea scabiosa L. and spp.
6 = U.stylata Fabr., host: Cirsium vulgare (Savi) Ten.
7 = U.macrura Loew, host: Carthamus lanatus (L.)
8 = U.eriolepidis Loew, host: Cirsium eriophorum (L.) Scop.
9 = Urophora sp., host: Cynara scolymus L. (southern Calabria,
Italy)
This contribution contains results of a research project
financed by the Deutsche Forschungsgemeinschaft (SFB 137,
Teilprojekt A 1 "Vergleichende Strukturanalyse von Nahrungsnetzen bei Insektenkomplexen in Blütenköpfen von Wildpopulationen ausgewählter Cardueae-Arten").
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Méthodologie utilisée en Espagne pour la réalisation des études
bioécologiques Isur les populations naturelles de Dacus oleae (Gmel.)
Résultats, préliminaires obtenus en deux années de travaux
A.MONTIEL BUENO & R.MORENO VAZQUEZ
Unité technique de l'Olivier (Jaén) et Unité technique de Biostatistique (Málaga)
Service de Défense contre les plaies et Inspection phytopathologique
Ministère de l'Agriculture, Pêche et Alimentation, Espagne

RESUME

Dès 1980 on utilise en Espagne diverses méthodologies pour la réalisation des études bioêcologiques sur les populations naturelles de Dacus
oleae
(Gmel.).
L'objectif primordial de ces travaux - englobés dans le cadre général
de recherche dénommé "Plan national Mouche de l'Olivier" - est d'approfondir la connaissance de l'espèce, particulièrement en relation avec
le milieu ambiant dans lequel elle se développe, afin de pouvoir disposer d'une information de base qui permette la réalisation de travaux
postérieurs - à moyen terme - visant à l'obtention de modèles de prévision simples, transférables aux agriculteurs.
Dans l'information présentée, en outre des protocoles de travail utilisés, sont inclus et commentés les résultats obtenus en 1980-81 et
1981-82 dans deux oliveraies de la province de Jaén, la plus importante·
tant en surface cultivée qu'en production -des zones oléicoles d'Espagne.

1. INTRODUCTION
Le diptère trypetidae Daaus oleae
(Gmel.) est probablement la plaie la
plus répandue dans les différentes contrées oléicoles espagnoles, contre laquelle le Service de Défense contre les Plaies et Inspection Phytopathologique a mis au point, depuis 1979, un plan de recherche coordonné au niveau
national, connu sous le nom de "Plan national Mouche de l'Olivier".
Néanmoins ce n'est qu'en 1980 que le dit Plan national s'est concrétisé
techniquement tant en ce qui concerne les méthologies suivies que la définition des différentes lignes de travail, aspect dans lequel ont une incidence
spéciale les travaux réalisés par les collègues italiens (E. Ballatori,
C. Pucci, et C. Ricci, 1979; U. Cirio et colb., 1979).
En définitive, avec le Plan national Mouche de l'Olivier nous tentons
d'obtenir une meilleure connaissance de l'espèce, particulièrement en ce qui
concerne l'entourage dans lequel elle se développe, aspect fondamental pour
la réalisation de travaux postérieurs qui permettent - à moyen terme - l'établissement de modèles mathématiques simples de prévision, facilement transférables aux agriculteurs.
Pour l'obtention de cet objectif fondamental, le Plan national Mouche
de l'Olivier, développe - actuellement - les lignes de travail suivantes :
- Estimation quantitative des populations naturelles de Dacus oleae
(Gmel.),
tant au niveau des adultes que des stades pré-imaginaux.
- Etude de la dynamique des populations adultes et pré-imaginales de Dacus
oleae
(Gmel.), dans laquelle on prend comme thème principal l'étude des
relations possibles existant entre les captures d'adultes et les infestations postérieures observées dans les fruits.
CEC /IOBCSymposium /Athens /Nov. 1982
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 Etude de la capacité attractive des différents systèmes d'observation des
populations adultes de Dacus oleae (Gmel.)·
2. MATERIEL ET METHODES
Comme norme générale on recommande à chaque unité operative qui colla
bore avec le Plan national Mouche de l'Olivier, que les travaux se réalisent
dans un seul point de chaque province ou contrée oléicole, et, lorsque par
disponibilité de personnel, moyens matériels, etc. ils peuvent se réaliser
en plus d'un point, les facteurs qui résolvent le choix de celuici soient
la variété ou les techniques de plantation et culture.
Chaque point d'observation a pour nous les caractéristiques d'un verger
ou plantation qui réunit les conditions suivantes :
 homogénéité des arbres, productuon, variété, etc.
 surface non inférieure à 5 hectares.
Chaque verger et plantation est subdivisé en 5 parcelles de surface ap
prochée â I hectare, afin de disposer de répétitions suffisantes.
Dans les cas où existe un mélange de variétés  cas fréquent dans cer
taines zones oléicoles  on n'utilise que les arbres qui appartiennent â la
variété étudiée.
Les données climatologiques sont recueillies au niveau de la plantation,
au moyen d'une station météorologique conventionnelle dotée d'un thermohygro
mètre enregistreur hebdomadaire et d'un pluviomètre.
2.1. Estimation quantitative des populations naturelles de Dacus

oleae

_{Çm&\1)

2.1.1. Obţenţion_deş_donnees
2.1.1 .1 . Adultes
L'information sur les populations adultes de Dacus oleae
(Gmel.) exis
tant dans la plantation, est obtenue au moyen de différents systèmes y ins
tallés, à savoir :
 Attraction olfactive (Pièges McPhail, avec solution aqueuse à 3% de phos
phate d'amonium).
 Attraction chromatique (plaques rectangulaires jaunes gommées).
 Attraction chromatiquesexuelle (le même type que le précédent, mais avec
une capsule de 20 mg de Spiroacetal).
Dans chaque parcelle  d'environ 1 hectare de surface  on installe au
hasard :
 deux pièges olfactifs, situés â l'intérieur des arbres, à une hauteur
moyenne et orientation sud. La solution de phosphate d'ammonium est re
nouvelée chaque semaine.
 deux pièges chromatiques, situés à l'extérieur des arbres, à hauteur
moyenne, tangent au feuillage et orientés au sud. Les pièges sont renouve
lés soit quand ils sont excessivement sales, soit quand ils ont perdu leur
adhérence.
 un piège chromatiquesexuel, dans les mêmes conditions que le précédent.
La capsule contenant la pheromone est renouvelée mensuellement.
Les observations sur les captures d'adultes ont une périodicité hebdo
madaire, à l'exception des moments dans lesquels, selon l'expérience acquise
pour chaque zone, on prévoit de forts incréments des captures. Dans ces cas,
deux observations par semaine sont recommandées.
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2.1.1.2. Şţades^re^iinaginaux
L'information précise sur ces états évolutifs de l'espèce est obtenue
moyennant des échantillons hebdomadaires, obtenus  dans chaque parcelle 
en appliquant une méthode d'échantillonnage en deux étapes.
La réalisation pratique de cette méthodologie consiste sommairement en :
 Choix au hasard, dans chaque parcelle, de 4 arbres â échantillonner.
 Dans chaque arbre, on choisit au hasard 10 branches, de 3 à 4 années d'âge,
avec plusieurs bourgeons. Sans le choix, if faut tenir compte des orienta
tions et hauteurs possibles. Dans chaque branche on observe le nombre de
bourgeons et le nombre de fruits de chaque bourgeon.
 De chaque branche, on choisit au hasard un bourgeon avec fruit en prenant
le nombre nécessaire de bourgeons pour disposer d'un échantillon minimum
de 10 fruits par arbre. Ces bourgeons avec fruits  convenablement identi
fiés, sont envoyés au laboratoire, pour analyser l'infestation des fruits
par les différents stades préimaginaux.
2.1.2. Meţhodologie_sţaţisţi^ue
Il est suffisamment connu que les estimations directes des populations
absolues sont  dans la plupart des cas  impossibles à réaliser. Néanmoins,
les densités moyennes  plus faciles à obtenir  peuvent être utilisées pour
estimer le total probable. Cependant on ne doit pas oublier que le support
végétal réceptif à l'espèce peut varier d'une zone à l'autre , ou d'une va
riété à l'autre. Dès lors dans tout cas présenté, il sera nécessaire de pren
dre les données sur les aspects phénologiques, de manière à effectuer les
corrections opportunes aux densités moyennes obtenues dans les échantillons.
La méthodologie qui peut s'appliquer dans ce cas est très vaste et  en
théorie  on pourrait utiliser la presque totalité des types d'échantillon
nages possibles. Dans la pratique, les méthodes les plus utilisées sont
l'aléatoire, le biétapique et le polyétapique, avec ou sans stratification.
Dans notre cas, le type d'échantillonnage utilisé est le biétapique,
pour lequel on définit une unité primaire et plusieurs unités secondaires.
Dans le cours du temps, les unités d'échantillon utilisées ont varié.
Actuellement, l'unité primaire est l'arbre, et les différentes unités secon
daires, la branche, le bourgeon, l'étage et le fruit.
Avec les données obtenues, on peut estimer la grandeur optimale de
l'échantillon pour les différentes unités primaires et secondaires, en uti
lisant une méthodologie qui, en même temps, permet de connaître la distribu
tion spatiale des différentes variables étudiées. En ce qui concerne cette
dernière, plusieurs auteurs (p.ex. Southwood) ont élaboré des méthodes pour
analyser la distribution spatiale des populations animales. Dans ce travail,
on a appliqué la technique proposée par Iwao (1968), basée sur le paramètre
m ("mean crowding") défini par L loyd (1967). Cette méthode, en fait, se ré
duit à l'estimation des paramètres α et β de la régression linéaire suivan
te :
m = ο + β ·ιη
dans laquelle : m = moyenne probable et m = "mean crowding" =
= m + (~
m

 1) .

Les paramètres α et β ont une signification biologique. Ainsi α connu
comme "index de contagion basique", indique si la composante de base de la
population est l'individu (a = 0 ) , la colonie (a > 0 ) , ou s'il existe quel
que type de répulsion entre les individus (0 > a >l); tandis que β indique
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si la distribution des composants basiques dans les unités d'échantillonnage
est régulière (0 < β < 1 ) , au hasard (β = 1) ou agrégative (β > 1 ) .
En ce qui concerne la grandeur de l'échantillon, l'inconvénient princi
pal que trouve le chercheur, à l'heure de réaliser l'échantillonnage, est de
connaître "a priori" quelle doit être la grandeur minimale de l'échantillon
pour que l'estimation de la moyenne probable ait la précision fixée d'avance.
La méthode de condage préalable de la population avant chaque échantillon
nage ayant été écartée parce que son application doublerait le travail, les
méthodes dont on dispose actuellement ont comme dénominateur commun la pos
sibilité de connaître de manière séquentielle la précision de l'estimation,
ce qui permet d'arrêter l'échantillonnage au moment où on atteint la préci
sion désirée. Dans ce groupe, il y a des méthodes basées sur la déduction_
de quelques fonctions qui met en rapport la variance (s ) et la moyenne (χ),
comme celle d'Iwao et Kuno (1968) qui ont proposé la relation :
s 2 = (a + 1) χ + (β  1) χ"2
dans laquelle α et β sont les paramètres de l'exDression m = α + ß # m, citée
cidessus, ou bien celle de Taylor (1965) qui a proposé la relation :
s

2

b
= a χ .

Cette dernière méthode présente néanmoins quelques inconvénients  du point
de vue strictement statistique  pour être utilisée dans un échantillonnage
biétapique.
Selon la technique citée antérieurement, on peut déterminer la préci
sion D  mesurée par le coefficient de variation C.V.  en fonction unique
ment de la moyenne. A partir de cette fonction D = f (χ), il est possible de
dessiner deux types de lignes séquentielles : la première, dans laquelle, en
fiwant la grandeur des unités primaires (UP), on obtient le nombre d'unités
secondaires (US) qu'on doit prendre pour chaque UP, et la seconde en fiwant
le nombre de US par UP, on obtient le nombre d'unités primaires à observer.
2.2. Etude de la dynamique des populations de Daaus

oleae_(Gmel.)

2.2.1. Obtention des données
2.2.1 .1 . Adultes
Les données qu'on obtient  indépendantes pour chacun des différents
pièges installés  sont les suivantes :
 nombre total d'adultes de Daaus oleae
capturés, en indiquant le nombre
respectif de mâles et de femelles;
 nombre de femelles avec oeufs sur 30 femelles ou sur le total capturé si
celuici est inférieur;
 nombre d'oeufs par femelle avec oeufs, sur 10 femelles avec oeufs, ou sur
le total capturé si celuici est inférieur.
Les deux dernières données sont obtenues sur les captures dans les piè
ges McPhail, les résultats étant étendus aux autres types de pièges.
2.2.1.2. Stades préimaginaux
La totalité de l'échantillon obtenu de la façon indiquée cidessus est
analysée au laboratoire, en notant les données suivantes :
 nombre de fruits de chaque bourgeon;
 pour chaque fruit attaqué, on indique le nombre et le type de piqûre qu'il
présente, selon les classes suivantes :
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I

= nombre de piqûres sans oeuf

I

= nombre de piqûres avec oeuf ou larve de 1er âge

I

= nombre de piqûres avec larves de 2ème ou 3ème âge

I

= nombre de piqûres avec pupes, pupariums vides ou galeries

abandonnées.

Pour chacun des stades évolutifs observas, on indique s'il est vivant
ou mort, et dans ce dernier cas, si la mortalité est due à des facteurs biologiques - parasitisme, etc. - ou abiotiques.
2.2.2. Méthodologie statistique
En ce qui concerne l'estimation de certaines caractéristiques de la
population, comme le degré d'attaque par entomophages, le pourcentage de mortalité naturelle, les proportions de mâmes et de femelles, la proportion d'un
stade évoLutif déterminé sur le total d'individus qui composent la population, etc., il n'est pas possible de choisir facilement au hasard les éléments de cette population qu'il faut sélectionner dans les unités d'échantillonnage - en prenant un â un chaque individu et, dans chaque unité d'échantillonnage, d'observer l'attribut intéressant sur la totalité des individus
qui la composent.
Les méthodes d'échantillonnage applicables dans ce cas, sont semblables
à celles citées antérieurement pour évaluer la densité moyenne probable.
Indépendamment de ces méthodes spécifiques d'écologie des populations
d'arthropodes, on utilise aussi des techniques statistiques d'usage courant.
Ainsi, par exemple, pour analyser la tendance de l'évolution dans le temps
- tant pour les adultes que pour les stades pré-imaginaux de Daaus oleae
on ajuste les courbes obtenues aux fonctions mathématiques qui expliquent au
mieux les phénomènes observés tant du point de vue mathématique que du point
de vue biologique. La même méthodologie est appliquée dans le cas - fondamental pour l'établissement des modèles prévisionnels - des relations entre
les captures d'adultes et les infestations prê-imaginales postérieures dans
les fruits. Des ajustements de type logistique ou des régressions de type
exponentiel ou potentieln sont fréquents dans ce cas.
2.3. Etude de la capacité attractive des différents systèmes d'observation
des populations adultes de Daaus oleae
(Gmel.)
Les différents systèmes, les conditions d'utilisation et leurs distribution dans l'aire étudiée ont été décrits plus haut.
L'objectif fondamental de cette étude est de pouvoir sélectionner le
type de piège qui reflète le mieux - quoique de façon relative - la population adulte de Dacus oleae existant, ainsi que ses fluctuations. Pour cela,
au moyen de techniques statistiques d'usage courant, on analyse les relations observées entre les divers types de captures d'adultes obtenues par les
différents systèmes utilisés et - fondamentalement - les corrélations obtenues entre les différentes captures et les infestations postérieures détectées dans les fruits.
3. RESULTATS ET CONCLUSIONS
Nous commenterons ici quelques conclusions obtenues, avec l'application
pratique de la méthodologie recommandée, dans deux oliveraies différentes de
la province de Jaén, Cambii (1980-81) et Portichuelo (1981-82). Il faut préciser que - pour des raisonsd'espace et de temps - one ne rassemble pas dans
ce travail tous les résultats obtenus et et qu'une analyse exhaustive des
données n'étant possible que par l'utilisation d'ordinateurs de grande capacité, les conclusions élaborées sont forcément préliminaires.
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3.1. Densité de_fruiţs
Fondamentale pour l'estimation de la production, on l'a réalisée au
moyen de l'analyse de la variable fruits/bourgeon. Par rapport â cette va
riable on a observé :
 Une disparité haute entre échantillonnages successifs, même quand le C.V.,
pour chacun des échantillonnages, est très bas, ce qui peut être dû à une
faute d'homogénéité de la plantation ou à la subjectivité dans le choix
au hasard des U.S. dans l'échantillonnage.
 Etant donné la faute d'homogénéité de la plantation, l'estimation réali
sée de la grandeur optimale de l'échantillon, pour chaque échantillonnage
peut avoir un champ réduit d'application.
 Cependant, étant donné qu'il existe une relation hautement significative
entre la variance et la moyenne, on a pu développer des méthodes d'échan
tillonnage séquentiel, basées sur la relation de Taylor ou celle de Mean
Crowding, qui permettent d'estimer la grandeur de l'échantillon nécessaire
pour une précision donnée.
3.2. Développement des stades préimaginaux de Daous

oleae

(Gmel.) en fruit

Les variables analysées ont été les différents types d'infestation ob
servés par fruit et bourgeon, ainsi que la tendance de leur évolution dans
le temps. Etant donné que les résultats obtenus ont été similaires dans tous
les cas, nous faisons référence exclusivement à la piqûre viable (somme de
tous les types d'infestation) par fruit :
 On n'a détecté aucune erreurs sérieuses d'échantillonnage, ce qui est dû à
l'homogénéité de l'attaque de Daous oleae.
Ceci a permis le développement
de méthodes d'échantillonnage séquentiel, basées sur la relation de Taylor,
et l'obtention d'une famille de courbes qui permettront d'estimer la gran
deur de l'échantillon nécessaire pour une précision donnée. Dans notre
cas, puisqu'on n'a pas observé plus d'une piqûre par fruit, les courbes
tendent à l'horizontalité et reflètent la proportion de fruits attaqués.
 Quant à l'évolution de la piqûre dans le temps, on a obtenu des ajuste
ments à des courbes de type logistique qui peuvent avoir une signification
biologique claire, comme l'existence de facteurs  fondamentalement clima
tiques et phénologiques  qui limitent, dans le temps, la piqûre de Daous
oleae dans les fruits; ces facteurs limitants peuvent être  dans un moment
donné  proportionnels à la fraction de fruits attaqués.
3.3. Développement et caractéristiques des populations adultes

àe_Daous__oleae

Nous avons analysé pour toutes les captures obtenues dans les différents
systèmes, la tendance qui montre l'évolution dans le temps et diverses rela
tions entre les captures :
 La tendance que montrent les captures accumulées des adultes de Daous
oleae,
s'ajuste bien à des courbes de type logistique qui ont une signification
biologique.
 Dans les deux oliveraies et au cours des deux années analysées, pour les
différents types de pièges, la relation qu'on établit entre les captures
totales et celles de femelles est linéaire, ce qui fait penser que le "sex
ratio" des populations adultes de Daous oleae,
est constant et égal au
coefficient de régression (b) calculé.
 La même situation se présente quand on compare les captures totales et
celles de femelles avec oeufs, ce qui peut signifier que la "capacité
d'oviposition" de l'espèce s'est maintenue constante et égale au coeffi
cient de régression (b) calculé.
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- La confirmation de ces faits dans les études postérieures, donnera lieu à
une grande simplification du modèle mathématique explicatif de l'évolution
de l'espèce, puisque ce seront probablement des facteurs de type abiotique,
fondamentalement climatiques et phénologiques, qui auront une incidence
sur ce modèle.
En ce qui concerne l'efficacité des divers systèmes d'observation des
populations adultes de Daaus oleae,
nous pouvons remarquer que :
- La réponse des adultes à des stimulations olfactives et chromatiques est
différente selon l'époque de l'année, les premières prévalent aux périodes
sèches, les deux s'égalent pratiquement aux mêmes périodes humides. Ce
fait est mis en évidence par l'ajustement potentiel obtenu entre les deux
types de captures.
- La réponse des adultes à des stimulations chromatiques et chromatiquesexuelles est à tout moment proportionnelle et en faveur des secondes,
comme le montre l'ajustement linéaire obtenu entre les deux types de captures .
- En définitive, ce seront les relations que l'on établira entre captures
d'adultes et infestation pré-imaginales des fruits, qui fixeront le critère de sélection de l'un ou l'autre piège.
3.A. Relationcaptures - infestations
Nous avons analysé les relations existant entre les captures d'adultes
avec différents pièges et les infestations de fruits de type I observées
deux semaines après, celles de type I quatre semaines après et celles de
type I six semaines après. Les relations indiquées s'ajustent - en général à des modèles de courbes logistiques.
En fait, le point à souligner est que ces relations existent. Nous ne
prétendons pas - pour le moment - tirer de conclusions sur ces relations,
mais puisqu'elles existent et qu'elles peuvent s'exprimer mathématiquement,
la méthodologie de travail utilisée est correcte et ouvre une voie, perfectable sans doute, pour pouvoir établir, dans un futur proche, le modèle le
plus idoine qui définisse le comportement évolutif de Daaus
oleae(Gmel.)
dans les conditions écologiques de notre oliveraie.
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The present status of the olive fruit fly (Dacus oleae Gmel.) in Granada,
Spain, and techniques for monitoring its populations
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Summary
The pest status of the olive fly (Dacus oleae Gmel.) in the province
of Granada, Spain, is discussed in this paper. For monitoring population changes in this species, McPhail and chronotropic traps have
been used in the past but with the recent isolation of the fly's sex
pheromone, a combination of pheromone and chromotropic trap has been
developed for this purpose. Captures of D.oleae during 1981 and 1982
using this trap are presented. Maximum catches were recorded in the
autumn of each year while catches in late spring and early summer were low and reflected only the sexual activity of the fly and not the
true population.

Resume
On analyse l'état actuel des études sur la mouche de l'olivier à Granada (Espagne). Pour l'étude des changements de population de l'espèce
on utilisait auparavant des gobe-mouches et des pièges chropotroniques.
Mais vu la récente isolation de la phéromone sexuelle du ravageur, nous
avons utilisé dans ce but un piège combiné à base de phéromone et chromotropique. Nous présentons donc ici les résultats des captures de
D. oleae pendant les années 1981 et 1982. Nous observons un maximum de
captures durant l'automne de chaque année, alors qu'à la fin du printemps et au début de l'été leurs taux sont très faibles. Ce phénomène
représente seulement l'activité sexuelle de l'insecte et non la population réelle.

1. INTRODUCTION
Studies over the past 20 years have shown that in Granada, Spain, 3
insect species predominate as pests of cultivated olive; namely Prays oleae
BERN., Dacus oleae GMEL. and Saissetia oleae OLIV. The most important in
terms of the frequency with which it occurs is Prays oleae with only 3 out
of the last 13 years with low populations during the fruit generation.
Fluctuations in the populations of the other 2 species are more marked
from year to year, but they can cause substantial damage in those years
when their populations are high, and reliable population monitoring techniques are required for both.
In the case of Dacus oleae, this has traditionally been carried out
using McPhail traps baited with protein hydrolysate or ammonium phosphate
and in recent years using yellow (chromotropic) traps (1). With the recent
isolation of the major component of fly"s sex pheromone (2), however, new
methods have been developed to monitor this species. The development of
pheromone traps for this species will be described elsewhere (3) and only
the trap used during this study is described here together with typical
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population cycles in Granada.
2. MATERIAL AND METHODS
The trap used during this study was a yellow corrugated plastic strip
measuring 20 χ 20 cm, covered on both sides with a pdybutene sticky mate
rial (Chemical Entomology Unit, Southampton) and hung vertically, together
with a pheromone capsule (25 mg of 1,7dioxaspiro 5.5 undecane in polyethy
lene vials) in the exterior canopy of the southfacing side of the olive
tree. Five traps were used troughout the experimental period and were pla
ced in a row, at head height, on every other trees (i.e. 25 m apart). Cat
ches were recorded every 5  7 days over most of 1981 and 1982 from sites
near the City of Granada.
3. RESULTS AND DISCUSSION
The catches obtained during the twoyear study are shown in figure 1.
The pattern of catches of Dacus oleae was very similar in both years with
maximum numbers recorded between September and December. There was also a
peak of catches during early spring of each year, but the numbers caugth
then gradually diminished during April and May and persisted at a very low
level during June and most of July. During this time, however, catches in
McPhail traps showed that flies were present in the field, implying that
they were not responding to the pheromone.
It is possible that this lack of response to the pheromone coincides
with the period during which the fruit is too small for the females to o
viposit, as has been suggested by Greek workers (4) and that the point at
which the males begin to respond again to the pheromone (the last week in
July in Granada) coincides with the first ovipositions. Further observa
tions over a number of years are required, however, to establish this re
lationship accurately. A small peak of captures appeared in early August
but much larger peaks then followed during September, October and November.
Simultaneous measurements of female fecundity, infestation and damage
were not made during this study so that it is not known how the peak num
bers obtained relate to the number of generations which occur during the
year, or the damage wich results from them. The information collected is,
however, useful in timing control treatments aimed at the adults. Further
callibration of the trap is nevertheless required before it fulfils its
rightful role in integrated control.
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Ecological studies on Rhagoletis cerasi L. in Crete for the use of the
incompatible insect technique
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Summary

The occurrence of the European cherry fly, Rhagoletis
cerasi L., was detected on the island of Crete. In 1980,
R. cerasi occupied parts of the Chania district, an area
containing about 6000 cherry trees, or ψ/ο of all cherry
trees in Crete. Mainly white and red cherry varieties
were affected:
The total population was estimated to he 2.3 million
pupae yielding approximately 2 million flies in 1981.
Despite mild winter temperatures, pupae can diapause
successfully and are capable of withstanding the high
summer temperatures.
It is assumed that larvae of this pest have been
accidentally introduced by importing infested cherries,
and the pupae transported in used crates to the cherry
growing areas in the mountains.
The possible use of control measures against further
spread and the use of the Incompatible Insect Technique
for eradication are discussed.

1. INTRODUCTION
In 1979, a substantial infestation of cherries with
insect larvae was found in western Crete (Chania district).
The insect was identified as the European cherry fly,
RhaRoletis cerasi L., which up to then had not been noted
m Crete.
R. cerasi is the main insect pest on cherries in Europe.
So far, it has been observed throughout central and southern
Europe, including northern Greece and Turkey. Within some
of these areas, two morphologically indistinguishable but
sexually incompatible races have been detected (4; 5).Crosses
of males of the "southern race" (Italy, Switzerland, South
Germany, Southwest France, southern parts of Austria) with
females from the "northern race" (north of this area from
the Black Sea to the Atlantic; Iran (unpublished data)) fail
to give larvae, while the reverse cross yields viable
offspring.
This unidirectional reproductive incompatibility allows
the use of an "Incompatible Insect Technique" ( H T ) as a
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biological control measure for the northern race. Up to now
the "IIT" has only been successfully applied to some mosquito
species (6; 1 ) . Preliminary experiments involving the release
of R. cerasi males of the "southern" race" into a local
population of the "northern race" have been carried out in
Austria (12).
The aims of the present study were to investigate the
distribution and population density of R» cerasi in Crete
and some ecophysiological aspects of R. cerasi under East
Mediterranean conditions, as a preliminary to the possible
application of the IIT as a biological control measure.
2. MATERIAL and METHODS
2.1 Field survey of R. cerasi infestation
When the first cherries became susceptible to infestation by R. cerasi (end of April, early May 1980), 252 sticky
coated yellow traps (REBELL R, Wädenswil, Switzerland) were
brought to 52 villages in all four districts of Crete. Of
these, 138 traps were installed in 30 villages of the Chania
district. Two - 25 traps were used per locality depending
on the number of their cherry trees. Whenever possible,
traps were hung on trees of different cherry varieties.
Towards the end of harvesting, i.e. after 8 weeks, the traps
were collected and inspected in the laboratory. Another 30
traps were installed in Gerakari and Meronas (Rethimnon),
the centre of Cretan cherry production, in 1981.
At the same time, farmers, local farm inspectors and
farm advisors were interviewed. From these interviews and
our own investigations the number of cherry trees in these
52 villages was determined. Information concerning other
villages was obtained from the local services of the Greek
Ministry of Agriculture which also kindly supplied data on
cherry production. As cherry trees often grow very scattered
among other trees in steep gullies, estimates of their
numbers and cherry varieties are difficult and sometimes
rather inaccurate.
From infested areas, samples of several hundred cherries
from different varieties were collected repeatedly. Samples
were taken at the very beginning, in the middle and at the
end of the harvesting period. In the laboratory, cherries
were placed on a rack. Larvae and pupae were collected when
they dropped into a tray which contained vermiculite to
absorb the humidity.
2.2

Experiments with R. cerasi
For measuring pupal mortality in summer, gelatine
capsules, each containing 20 pupae, were buried at two
depths in slightly shaded soil at the official weather
station in Agrokipion, Chania. Twenty capsules containing
Cretan pupae and 32 capsules with Austrian pupae were
exposed between 1 and 8 days at 1 cm depth, and between
1 and 8 weeks at 5 cm depth during the period 18 July to
12 September 1980. Soil temperature was continuously
registered by a thermograph and verified by thermistors.
A sample of pupae was dissected on 3 November 1980.
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For measuring heat tolerance, pupae kept in the labora
tory at 25°C were exposed to higher temperatures. Samples of
60 pupae were subjected to 42°C for 2 hours either once or
daily up to a maximum of 10 days. In another test, 10 samples,
each with 60 pupae, were exposed to 50°C for either 4, 8, 15
or 30 minutes or 1, 2, 4, 8, 16 or 32 hours.
For measuring emergence dates and rates, about 30 pupae
of Cretan origin were buried in soil traps in each of four
localities in November 19791 and 40 pupae in Sempronas in
November 1980. In addition, in 1980, 300 pupae of Austrian
origin were buried in Chania in November, and dissected on
8 July 1981. Also, 6 χ 200 pupae which had been buried in
December 1980 and 8 χ 200 pupae which were kept in vials in
a weather shelter in Chania, as well as 8 χ 100 pupae in
vials in a weather shelter in Sempronas, were dissected at
2  4 week intervals.
To determine the race of the Cretan R. cerasi population,
pupae from various localities were sent to Austria. There
they were held for 6 months at 40C. In April 1981, the
adults were crossed with individuals of the "southern race"
(Burgenland, Austria). Oviposition of each individual female
into artificial egging devices (9) was recorded.
3. RESULTS
3.1 Cherry Production
Distribution of trees: The localities where cherry trees
occur in Crete are presented in fig. 1.
In the Chania district, individual cherry trees are
frequently found in the lowlands in the bottom of humid
valleys; their cherries are seldom used commercially. Most
cherry trees, however, are grown in the mountains between
300 and 800 m above sea level. The highest cherry tree was
found at 1000 m altitude (at Órnalos). Most cherry trees
grow in the western siliceous mountains, few in the eastern
calcareous mountains. The trees prefer humid gullies where
they can reach heights up to 20 m. In the entire district
about 10.000 cherry trees exist giving an annual harvest of
110  ISO metric tons. This corresponds to a mean crop of
only approximately 15 kg per tree. Good trees, however, are
known to produce about I50 kg cherries, providing an income
of $ 300 US.
In other Cretan districts cherry production is much more
important than in the Chania district (table I ) . There, the
trees are usually grown at an altitude of about 750 m above
sea level.
Cherry varieties: Several cherry varieties with various
names were found: black, small, "wild (? ) cherries"; black,
hard, lateripening "Petrokeraso" ; black, large, early or
late "Chassilamas"; yellowred, darkred banded "Gerakiano
(Politiko)"; brightred "Maraski", as well as other red and
white cherries of different sizes. R. cerasi was found in
nearly all varieties (Tab.II).
Additionally, a large number of sour cherry trees is
present in Crete. However, as they are rarely affected by
R. cerasi, they are not considered in this study.
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•f*

Fig. 1 - Distribution
of cherry trees and Rhagoletis
aerasi in Crete.
Filled signs = yellow traps installed
in 1980; asterisks
- R. aerasi caught; open points = no traps
installed;
shaded area = centre of infestation;
broken line - limit of infested
area.
Chania district
: 1 = Aerinoe; 2 - Elos; 3 = Sirikari;
4 = Palia Roumata; 5 - Kantanos; 6 = Temenia;
7 = Agia Irini;
8 - Sempronas; 9 = Prasses; 10 - Nea Roumata; 11 - Deres; 12 - Orthouni; 13 - Karanou;
14 - Omalos; 15 - Lakki;
Rethimnon. district
: 16 = Miriokefala;
17 = Spili;
18 = Patsos; 19 = Gerakari; 20 = Veni;
Iraklian
district
: 21 = Agia Varvara; 22 = Agios Thomas;
Laseithi
district
: 23 = Tzermiados;
24 - Avrakontes;
25 = Kaminaki.

3.2

Distribution of E. cerasi
*ì
The large scale survey with sticky coated yellow traps '
revealed that cherry flies occurred only in the KaranouDeres-Kantanos triangle which contains 58% of the cherry
trees of the Chania district and 7% of all Cretan cherry
trees. This region consists of six deeply cut valleys
separated by mountain passes of almost 1000 m. The villages
with R. cerasi infestation are listed in table III.
Distances between the nearest cherry trees of neighbouring
villages usually do not exceed 1 km, while those between
cherry growing areas are about 3 km.
A central and peripheral area of infestation was noticed,
In the center, 90.9% of all traps on trees (N=22) with red
and white cherries and 60.0% of all traps on trees (N=40)
with black cherries caught R. cerasi. Generally, slightly
more cherry flies (18.7; were found per trap in trees of
red and white cherry varieties compared with black ones
(13.5)· Maximally 64 cherry flies were found per trap. Interviews of farmers revealed that 'wormy' cherries had been
seen for the first time in 1975/76 in Nea Roumata and in
1978 in other villages of this region. In 1979 and 1980,
infestation increased in parts of Nea Roumata to an extent
that harvesting became uneconomical.
In the peripheral part of the infestation, only 41.2%
of all traps from trees with red and white cherries (N=17)
caught R. cerasi (maximally 59 flies per trap) and no
R. cerasi were caught on the black varieties (N=11). Interviews showed that 'wormy' cherries had been observed only
by a few farmers and only recently (1979 and perhaps 1978).
3.3

Population estimates for 1980
To determine the number of larvae produced in Crete in
1980 several approximations were made. The weight of cherries
available for infestation was estimated to be 20 kg per
tree with about 200 cherries (red varieties) or about 300
cherries (black varieties) per kg. This amount of cherries,
the percentage of infested trees in the central and peripheral areas of the infestation and the cumulative infestation (30% of red and white, 5% of black cherries) resulted
in a production estimate of 2.3 million pupae in the
infested area of Crete.
Table III contains estimates of the number of pupae
from different isolated areas. Of the total number of pupae,
77% occur in the center.
*) Flies in the glue must be carefully identified, as the
similarly looking black form of the celery fly, Eulaia
heraclei (L.) is also frequently caught.
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TABLES
Table I. Percentage of cherry trees on which Rhagoletis
cerasi were caught in yellow traps from end of April
to end of June 1980 in Crete.

Variety

Center
Periphery
of infestation
red& white black red&white black

Number of trees sampled
% of trees with flies
number of flies per trap

22
90.9
18.7

40
60.0
13-5

1?
41.2
17-7

11
0.0
0.0

Table II. Number of Rhagoletis cerasi pupae from cherries
of different localities and varieties. Chania district
1980
Colour
Black

Collection date

Pupae per
Village
100 cherries

29-50 May

18-19 June

3 July

red

29-30 May

18-19 June

a
b
c
d
a
c
e
c
f
f
a
a
d
c

3.4-

a
d
h

0.8
0.5
0
0
4.5
0
3.6

27 June
white

0.3
0
0
3.8
0
0
0.5
0
8.3
4.0
0.8
0
73.7
35.8
8.1

27 June

1

Variety

ε

ε
ε
f
b
f

1
2
2
2
2
2
2

3
4

5

4
6
6
4
4
4
4
4

5
6
4
4

7

^a= Deres, b= Karanou, c= Nea Eoumata, d= Agia Irini,
e= Sempronas, f= Orthouni, g= Babakados, h= Dris
^1= black small, 2= black large, 3= Petrokeraso, 4= red largì
5= Maraski, 6= red small, 7= whitish-yellow
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3.4

Determination of the race of the Cretan R.cerasi
Male and female cherry flies emerging from pupae of four
different Cretan localities (Babakados (2c?, 3?)*) Deres (1cP)
Nea Roumata (8ο1, 7?)0rthouni (4tf, 3?) ) were crossed with
"southern race" R.cerasi from Lackendorf, Austria. Fifteen
Cretan male cherry flies crossed with southern race females
in individual pairs produced 1257 eggs from which 869 larvae
hatched (69.1% fertility). Thirteen Cretan female cherry
flies crossed with southern race males in the same way
produced 1185 eggs without any larvae hatching (0% fertility).
The crossing experiments clearly indicate the existence
of cherry flies in Crete which show distinct unidirectional
incompatibility like "northern race" cherry flies.
3.5

Influence of Cretan summer and winter temperatures
on R. cerasi
As R. cerasi is found at present only in a single
mountain area with moderate temperatures, the question
arises whether it can spread on its own through adjacent
areas of low altitudes where summer temperatures can exceed
40°C.
To test heat tolerance, cherry fruit fly pupae from
Crete ("northern race") and Austria ("southern race") were
subjected to heat stress of various durations and levels.
Field experiments showed that pupae died at significantly
higher rates only when temperatures exceeded 40°C (and then
only pupae of Austrian origin) (Table IV). Laboratory
experiments revealed that mortality did not increase and
diapause was not influenced by repeated daily heat treat
ment of 2 hrs at 42°C. At 50 D C, mortality was 3·3% after
15 minutes of incubation, 61.7% after 30 minutes and 100%
after 1 hour or more.
As diapausing R. cerasi are usually subjected to low
winter soil temperatures in central Europe, the influence
of mild winter temperatures in Crete on diapause develop
ment was studied using emergence cages.
In Sempronas, soil temperatures were below +5°C from
24 February to 3 March 1980 with a minimum of +2°C. In
Chania, temperatures dropped repeatedly for 'a short time
below +5°C with a minimum of +2°C. The first flies emerged
on 11 May in Chania and 17 May 1980 in Sempronas. The last
flies emerged one month later. From the buried pupae 93.1%
cherry flies emerged in Sempronas, 81.8% in Karanou, 60.7%
in Orthouni and 86.2% in Chania.
From 52 apparently
twice hibernating pupae which were
kept outdoor in Chania for another year 7.7% cherry flies
emerged.
In 1981 dissections of pupae at regular intervals
revealed initial visible signs of diapausebreaking:
*) Only crossings with oviposition are cited
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Localities
*" infestation found

Variety
bblack
altitude r»red &
white
in m

Center of infestatioη :
HliaroLagosOrthoun
Voriana Kares'Kara
nou" 300540
Nea Roumata·
Frasses*

330480

Sempronaa·

650

total
Periphery of infestation:
Agia Irini'Epano
choriSkafi
600650
Temenia'Maza

750

Dri s · Kakodiki 
PIemeni ana
EandanosAnasaxaki
Babakados"

390700

Deres'Papadiana

200250

total

Number of
cherry
trees in
production

b
r

1500
1050

270
.1134

b
r
b
Γ
b
r

500
200
250
50
2250
1300

90
216
45
54
4Ô3
1404

b
Γ
b
Γ

320
90
50
250

0
43
0
120

b
Γ
b
Γ

420
430
300
350

0
206
0
168

b
Γ

1090
1120

0
537

Table III  Estimate of total numbers of Rhagoletis
1980 in Crete

Range of
maximum
daily
soil temp,
oc

Origin
of pupae

Number of
batches
with
20 pupae
each

Number of
pupae
χ 1000

aerasi

pupae

produced in

Number of % Mortality
1
days in
range
this range mean

25 constant

C
A

2
2

continuous
continuous

2.8
2.8

05
05

2529.9

C
A

6
5

322
116

3.4
2.5

0 10
05

3034.9

C
A

8
a

418
4 S

7.7
3.4

0 10
0 20

3539.9

C
A

2
11

17
517

6.3
4.4

6
0 26

4043.5

C
A

4
8

1 a
1 a

3.7
56.2

0 10
10100

calculations in arc sin fp  transformed data

.Table IV  Mortality of Rhagoletis
aerasi
pupae from Crete (C) und Austria (A)
buried for various periods in summer 1980 in Chania
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yellow-reddish eyes, inpupae kept in vials, on 2 April 1981
in Chania, and two weeks later in Sempronas. Emergence in
soil traps started on 28 April 1981 in Chania and three days
later in Sempronas. Dissections at regular intervals revealed
only 2% mortality at that time, in spite of frequent inundations of the area hy torrential rainfalls. In Chania the
proportion of diapausing pupae remained constant from 22 May
1981 onward. Dissection of 246 puparia from the soil at the
end of the emergence period indicated that 41.0% of the flies
had emerged successfully, 35-0% died while trying to emasse,0,4%
were preyed upon (despite protection by wire mesh cages) and
23.6% remained as pupae in diapause. In Sempronas, where the
soil was less compact, emergence reached 95·5% (among 22
recovered puparia;.
4.

DISCUSSION
The present study reveals that the cherry fruit fly
Rhagoletis cerasi L. is a newly discovered pest in Crete.
At the moment R. cerasi inhabites solely parts of the Chania
district. The districts of Rethimnon and Iraklion, which
are the centers of cherry production, do not appear to be
infested. Neither information from farmers or farm inspector
nor catching efforts with the highly efficient yellow traps
(11) indicated any cherry fruit fifes in these areas in 1980
and 1981.
As R. cerasi has been found in Crete only in recent
years, Tt is probable that this pest insect was introduced
accidently. Larvae of the cherry fruit fly were found in
cherries which had been imported from Macedonia, a presumed
locus of the "northern race" (5)> and sold in the markets
of Chania and Iraklion. It seems probable that R. cerasi
pupae hidden in such crates have been carried from these
markets to the cherry growing areas of the Chania district.
Crates from imported fruits are repeatedly used for the
transport of inland fruits (oranges, cherries) to the
markets of Chania. Villages which deliver a lot of fruit to
Chania are highly infested by the cherry fruit fly.
The former absence of R. cerasi in Crete seems attributable to the absence of the host plants, Lonicera xylosteum
and L. tartarica (8) and to the fact the host plant Prunus
avium which was brought by man to Crete (10) was apparently
imported without its main pest insect.
The East Mediterranean weather conditions in Crete seem
to allow R. cerasi to live as indigenous species.
Though the summer temperatures in the Cretan lowlands are
rather high compared with those from central Europe, they
are not a serious mortality factor for the diapausing pupae,
either in the soil or for those transported in crates. Similarly, mild winter temperatures do not seem to interfere
with the diapausing mechanisms which are usually linked with
lower temperature (7). Mortality of emerging adults in some
years is high under lowland conditions, but seems to be
negligible in the mountains.
To prevent the future spreading of R. cerasi and to
control existing populations in Crete, the following
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measures can be applied:
As R. cerasi adults tend to stay near their place of
emergence (7), it is unlikely that individuals of the
present population can spread quickly on their own to the
distant Cretan cherry production centers in the Rethimnon,
Iraklion and Lassithi districts. The main source for possible infestation of these areas, therefore, is from transport of cherry fly pupae hidden in fruit crates.
To control accidental spreading by pupal transport,
either the use of imported cherry crates should be avoided
or the crates should be treated with a suitable insecticide.
To control cherry flies in already infested areas
chemical and biological methods can be applied. But
insecticide treatment will give satisfactory results only
in some areas, while scattered trees in rugged or isolated
locations will remain a permanent source for re-infestation.
Biological autocidal methods, on the other hand, could help
to eradicate this recently imported insect pest.
Since all cherry fruit fly samples from Crete yielded
only R. cerasi of the "northern race" and since infestations are rather localized, an Incompatible Insect Technique
(IIT) would seem possible for eradicating the new invaders.
For achieving sufficient overflooding ratios of released
"southern race" males to the indigenous "northern race"
males, the present estimation of the pupal population can
serve as a guide. The estimated 2.3 million pupae probably
yield about 2 million cherry flies from which 1 million are
males. But emergence may even be lower, as the effect of
predators and parasites is not fully considered in this
estimate. These organisms destroy 50 - 80% of all pupae
in Switzerland (3)·
Mass sampling of southern race cherry fly pupae and
mechanical separation of the male pupae (13) are at present
the basic requirements for this technique. The rugged area
seems to allow a stepwise release procedure involving one
valley after the other without risking immigration from
neighbouring valleys.
For timing the release of male "southern race" flies it
is recommended that data from emergence cages are used, as
the mild winter temperatures make it impossible to work
with the temperature summation model used in central Europe
(2). Studies on the applicability of the "IIT" in Crete
are planned.
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Multilarval infestations by Rhagoletis cerasi L. (Diptera: Trypetidae)
in cherry fruits
P.FIMIANI
Istituto di Entomologia agraria. Università di Napoli, Portici, Italy

Summary
Collection and examination of a great number of cherry fruit samples of
many cultivare was carried out in different places of Naples area. The
data collected in several years principally concerned the fruit of the
sweet cherry (Hearts and Bigarreau) having different ripening periods.
The occurrence of several immature stages in each fruit was observed.
The degree of this multiplarval infestation appeared to be more frequently influenced by the increase of the infestation. However it was
sometimes observed in a low percentage of infested fruits. These stages
were of different instars or of the same age.

Resume
Après plusieurs années d'étude sur l'activité du vol de la mouche des
cerises dans différents endroits aux environs de Naples, il a été possible de récolter et d'examiner un grand nombre d'échantillons de
fruits provenant de différents r.ultivars. Des données intéressantes
ont surgi sur la présence de plusieurs larves dans chaque fruit. Cette
infestation multilarvale apparaît être fréquemment influencée par
l'augmentation du taux d'infestation. Toutefois, on a pu parfois l'observer lorsque le taux de fruits infestés était bas. Les stades trouvés
étaient du même âge ou d'âges différents.

I. INTRODUCTION
The wastage of cherry fruits caused by the larva of the Dipteron, Rhagoletis
aerasi
L., has been know for a long time but only since the 1930's
have records on more than one larva per fruit been kept. Sprengel (10) refers
to the case of six larvae in one fruit and Grandi (6) writes that sometimes
fruits with 2-5 larvae can be found.
A first approach to this aspect, with very little data, was attempted
by Hafliger in 1953 (7). More recently it was considered by Fimiani in 1974
on 6 cultivars of different areas of Naples Gulf (2) and Fimiani et al. in
four Italian regions (3, 4 ) . A recent careful study based on statistical
methods was carried out by Rmund et al. (9). Moreover a similar study was
undertaken on two Lepidoptera, by Brantjes for Hadena bicruris
(1) and
Fournier et al. for Prays oleae
(5). In the present paper further data are
provided; they concern different intensities of infestation, ranging from
a percentage of 1% of wasted fruits to their complete destruction (100%).
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2. SAMPLES
The samples were collected in some plots at random, in a variable number
of fruits, in other cases each sample consisted of 25 fruits of each exposition (N/S/E/W/), in the high and low part of the tree canopy.
During the examination were scored (a) the three larval instars, (b) the
rarely occurring pupae and (c) the exit holes found on the fruits.
3. CULTIV ARS
The examined cultivars were representative of Hearts i.e. English Gean
and Bigarreau, with soft and hard pulp; also different ripening periods
were shown by them. We report the data regarding the following : Maiatica di
Taurasi, Luise, Palermitana, Gambacorta, Zuccherina, Ilene, II Sangue di Bue.
4. RESULTS
The great number of samples showed a large representation of different
situations; in the different figures and table I some typical ones among them
are presented.
Figure 1 shows the high degree of infestation observed in June of 1981
and 1982 on two different cultivars, "Maiatica di Taurasi" and "Luise" of
the same orchard. The second cultivar has a slightly delayied phenology and
its receptivity time coincides with the maximal flying period, so it becomes
even more infested. It is interesting to note the presence of a fruit with
five larvae in a sample in which 1, 2 or 3 larvae per fruit were common and
another sample with a leap to 6.
Figures 2 and 3 show the increase of infestation during three weeks and
its distribution in the high and low part of the canopy.
Figure 4 shows the situation in different orchards. It is interesting
to note that a single fruit had two larvae whereas all other fruits were undamaged. Also a leap from fruits showing 1 or 2 larvae to a fruit with 4 is
noted.
Figure 5 shows the different infestation of some trees of the same cultivar in an orchard; the high infestation in another one (with the noted
leap from 1 and 2 to 4 larvae) and the totality of fruits infested in the
last.
Table I reports data from the highly infested orchard of Sessa Aurunca
where from 1 to 7 larvae per fruit were found. In six samples the totalnumber of larvae was much greater than the number of examined fruits. A maximum
of 295 larvae in 120 fruits was found.
5. CONCLUSION
The degree of multilarval infestation per fruit appears to be more frequently influenced by the increase of the infestation. However it was sometimes observed at low percentage of infested fruits.
As an oviposition deterring pheromone was individuated for the Cherry
Fly (8), the multilarval infestation in one fruit might be caused by low
persistence of this pheromone due to climatic influence or to the variable
quantity deposed by females.
In other cases the high number of adults or the strong oviposition urgence by a single female can force it not to avoid the marked fruits. However is some samples several larvae of the same instar were found in a single
infested fruit; this might be the effect of multiple oviposition by the same
female in a single fruit.
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The common presence of several stages per fruit must be taken into ac
count when we want to study some correlation between the flies and their
offspring; the simple percentage of infested fruits can undervalue the den
sity of larval population.
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Fruit infested
by
by
by
by
by
by
by

1 larva
2 larvae
3
4
5
6
7

Total infested fruits
Undamaged fruits
Examined fruits
Total larvae

33
37
25
17
5
1
2

45
38
22
11
3
1


55
40
11
8
1



83
19
1
1


1

28
43
25
15
4
2
1

46
2
1



—

37
31
27
8
6
1


120
===
120
295

120
===
120
252

115
5
120
205

105
15
120
135

118
2
120
288

49
71
120
53

110
10
120
248

Table I  Different samples of Sessa Aurunca
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M
Fig.

(9.6.82) L

M

(16.6.82) L

M (23.6.82) L

Taurasi, Cv "Maiatica di Taurasi" (M) and "Luise" (L).
Infested fruit samples in different weeks of 1981 and 1982.
The scale indicates the number of larvae per each infested fruit;
the scale for the number of fruits is in Fig. 2.
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Fig. 2  Nocera Inf.re, Cv "Palermitana". Infested samples of 25 fruits
collected in three different weeks in the high (A) and low (B)
part of the canopy of 3 different trees.
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Short note: Larval infestations by Rhagoletis cerasi and other insects
on sour black cherry fruits in Greece
P.FIMIANI
Istituto di Entomologia agraria. Università di Napoli, Portici, Italy

Summary
The presence of different larvae (Diptera, Lepidoptera, Coleóptera)
occurring in fruit samples of Sour Black. Cherry of some trees on a
Greek hill is reported.
Resume
II est rendu compte de la présence de différentes larves (Diptera,
Lepidoptera, Coleóptera) observées dans les fruits sur quelques arbres
de griotte dans une colline grecque.

In '"he previous paper the contemporaneous presence of several larvae of
Rhagoletis per fruit was discussed. In the present preliminary report an
infestation by larvae of Rhagoletis and of different groups is communicated.
In a little village in the centre of Greece (RodokoriKozani), at about
700 m, some trees of mixed varieties of sweet and sour cherry are scattered.
The presence there of Rhagoletis flies was observed in the second half
of June by Rebel traps, but the wastage by larvae was rather low. The des
truction of about 50% of the fruit on a tree of sour cherry was caused by
other two kinds of larvae. They were found to be a typical larva of a yet
unknown lepidopteron, attacking the pulp, and a curculionid larva, probably
a Rhynchites, reaching also the cherry stone.
Sometimes different larvae can show competition for food against Rhago
letis, as Myiolia lucida Fallen in fruits of Lonicera (2, 3 ) , but generally
the occasional occurrence of larvae of Lepidoptera is without importance (1).
While the observed species are in the course of identification we hope
to collect some more data next year about these unusual infestations.

REFERENCES
1. LESKI R. (1963)  Studia nad biologia i ekologia nasionnicy trzesniowki
Rhagoletis cerasi (Dipt. Trypetidae). Polsk, pismo Ent. Zeszit 34,
3132 S.B. : 153240.
2. MIK J. (1898)  Zur Biologie von Rhagoletis cerasi L. nebst einigen
Bemerkungen über die larven und puparien der Trypetiden und über die
Fühler der Muscidenlarven. Wien, ent. Zeitung. J_7 : 279292.
3. SEDA Α. (1937)  Zpraha o skodlivensku cinetel och kulturnycl plodin na
viched. Slovensku a Podkaroat, Russi zy Nospodarsky rok. 193637.
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t r e e . The curve refers to captures of Rhagoletis adults.
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Population studies on the oriental fruit fly, Dacus dorsalis Hendel,
in Central Taiwan
Y.C.LIU
Department of Entomology, National Chung Hsing University, Taichung, Taiwan

Summary
Four collection stations were selected for this study in
Taichung district of the central Taiwan. Fly catches
were collected every 10 days by using of traps baited
with poisoned methyl eugenol. The population fluctuation
of Dacus dorsalis was found to be in a similar pattern
between 1980 and 1981, with the highest peak occurring
from September to November, being correlated with the
ripening season of the host fruits. The fly population
in the sterile-insect aerial released areas were much
lower and more stable than those in the controls, indicating the efficacy of the integrated control on this
fruit fly undergoing in Taiwan. Temperature is a definitive factor affecting the fly population density which
declined to the lowest level in the coldest season of
the late January to the first of March, and increased
again in April. The population size was smaller in 1980
than that in 1981, this difference is considered to be
due to the rich rainfall in 1981. The populations in the
fruit orchards under the treatments of chemicals for
controlling the diseases and pests were not much different from those in the nonchemical-treated woods in the
mountains. However, the normal populations in the mountain woods is always higher than in any of the fruit
orchards.
1. INTRODUCTION
The oriental fruit fly, Dacus dorsalis Hendel, is the
most harmful insect to the cultivation of fruits in Taiwan, 53
fruit species were reported injured by this insect. Million
dollars of fruits were lost due to damage from the attack of
this fly annually. However, since 1975, the integrated control
program including the use of sterile insect technique and the
male annihalation method has been undertaken in this island,
the field damages of fruits were remarkably reduced. In the
first years, the sterile pupae were released on the ground in
the host fruit plantations in some areas, then, the number of
applied areas and the number of flies released increased from
year to year. In 1979, the sterile fly release by aircraft was
adopted and the releasing areas were extended throughout the
whole cultivated plantations. Meanwhile, combination with the
male annihalation method including the use of cotton ropes
saturated with poisoned methyl eugenol by dropping from the air
in the orchards was applied to replace the release of the steCEC/IOBCSymposium
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rile flies when the population density of the wild flies was
high and the citrus fruits were in season.
Population study is an integral part of the integrated
control program, providing the key to a precise understanding
of the natural abundance of the oriental fruit fly. This work
was started in 1980 and has continued for two years. The objective of this study is to understand the seasonal fluctuation
of the native population, to analyze the factors which are responsible for the population changs, and to provide field data
for evaluating the effeciency of the integrated control program which is undergoing in Taiwan by use of the sterile insect
technigue.
2. MATERIALS AND METHODS
Four collection stations were selected for this study in
the Taichung district of the central Taiwan. Tungshih station
is located in a small valley where the fruits are mainly citrus
and pears, while the others such as persimmons and peaches are
few and scattered. In Hoping, a station on the slopeland, fruit
species are mainly plums, persimmons and peaches, and scattered
with few citrus and pears. These two stations are included in
the sterile fly aerial released area. The third and forth stations are set in Kukuan, where is a mountain side without invasion of any released sterile flies. There is a stream laying
between these two stations. The Kukuan I is a mountain plantation with mainly plums, pears, peaches and few of the other
species,whereas the Kukuan II is located on the other side of
the stream, with a mountain woods of various trees.
Fly catches were collected every 10 days. The specially
designed plastic traps were used for sampling in the study of
baiting with poisoned methyl eugenol. Since methyl eugenol is
an effective male lure for this fly, the traps were meant for
catching male flies for subsequent evaluations. Five traps were
set up in each station. Three times a month, the traps were
inspected, and all of the flies caught by the traps were removed and counted, and the poisoned methyl eugenol baits were
replenished. In the release area, the sterile flies were released by aircraft twice a month from April to October, flies
caught in this area were examined by ultraviolet lamp to distinct the dyed sterile individuals from the wilds. Meteorological data were recorded. Data obtained from the results of
this study are computer analyzed.
3. RESULTS AND DISCUSSION
Seasonal changes in the mean catch per trap per 10 days
are evident that the population fluctuation of D. dorsalis in
Taichung area is in a similar pattern between the one collected
from 1980 to 1981 and that from the four selected collection
stations (Fig.1,2). The population density declined to the very
low level in the cold season from January to March, and reached
the lowest in the coldest month of Feburary. Following the warmer season, the flies rebuilt their population throughout the
rest months of the year, and with the highest peak occurring
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from September to November. The low temperature in the cold
season below 20°C in average is considered to be the primary
determinant of the abundance of the oriental fruit fly, affecting mainly the pupal development and the flight activities of
adults.
The peak of fly population which occurred in September
through November is apparently related to the ripening season
of the fruits (Table 1 ) , much more male flies could be trapped
during the peak fruiting periods of citrus, pears, persimmons,
peaches and other fruits than at any other time during the rest
of the year. Thus, the density of the fly population tended to
be correlated with the availability of the major host fruits.
Table I. The ripening season of the major fruits in Taichung
area
^"^-~^^ Month
Fruits^—«^^
Citrus
Mandarin
Sweet orange
Pear
Ordinary crop
Winter crop
Persimmon
Peach
Plum

J

F

M

A

M

J

J

A

S

O

N

D

XXX X
XXX

XX

X X X XXX XXX

XXX XXX XXX XXX

X XXX X
XX XX
XX XX

Humidity in orchards (Fig.3,4) ranging from 75% to 90%,
except January and Feburary, had no signigicant effect on the
population density of this species, the relatively cold and
dry season might depress the fly population to the lowest level.
However, rainfall is a limiting factor for this fly, which may
moisten the siol in a favorably condition for pupae to emerge.
The population size which was smaller in 1980 than that in 1981
is considered to be due to the rich rainfall in 1981 totalling
2,468 mm in Tungshih and Hoping, and 1,928 mm in Kukuan far
more than 1,133 mm and 942 mm, respectively, in 1980. However,
the successively heavey rains with a long period of rainy days
are disadvantageous to the fly population, in which both adults
and pupae might be seriously damaged. This was particularly
apparent in the summer of 1981 while there were four big typhoons from June to September carrying a large amount of rains,
followed by a successive long rainy days had depressed the fly
population down to a considerable low level.
In comparison of the fly populations between the sterilefly aerial release areas of Tungshih and Hoping, and the control areas of Kukuan, it is shown that the populations in Tungshih and Hoping were much lower and more stable than those in
Kukuan both in 1980 and in 1981, indicating the efficacy of
the integrated control on this fruit fly undergoing in Taiwan.
Based on these result, it can be concluded that the sterile
64

insect technique could effectively control the oriental fruit
fly in the environmental conditions of this island. However,
more work should be advanced and enforced in order to reach
the purpose of eradication.
Number of male flies caught in samples are not including
the sterile individuals which varied from 0.01 to 0.63 in the
ratio of sterile/wild for each catch.
Chemicals were normally used in the fruit orchards in
Tungshih, Hoping and Kukuan I stations by the growers for controlling the diseases and pest insects of the fruit trees. It
is shown that the normal application of chemicals did not significantly affect the fly populations, and the populations in
these treated orchards were not much different from those in
the untreated woods of Kukuan II. since the fly population in
the fruit orchard of Kukuan I fluctuated in a considerably
high level during most time of the year under the same chemical
pressure as in Tungshih and Hoping, indicating that these chemicals were not important in the suppression strategy of the
fly population.
The normal fly population density was always higher and
relatively more stable in the mountain woods of Kukuan II than
in any other fruit orchards, especially during the hard seasons
such as the cold season from January to March, the severe rainy
season in summer from June to August, and during the period
when the major fruits were off season at the end of the year
in November and December. It is evident that the mountain woods
served as a suitable habitat and refuge for the adult flies to
hide, rest and escape from the weather extremes. It is suggested that the woods of any plants other than fruit species
which are closed to the cultivated orchards should be also
treated with the control approaches as doing in the target
plantations for the elimination of the oriental fruit fly.
REFERENCES
1. Lee, W. Y. and Yao, A. L. (1978). A population study of the
oriental fruit fly, Dacus dorsalis Hendel (Diptera, Tephritidae) in guava, citrus fruits and wax apple fruit in northern Taiwan. Bull. Inst. Zool. Academia Sinica 17(2):103108
2. Liu, Y. C. (1981). A review on studies of the oriental fruit
fly, Dacus dorsalis Hendel in Taiwan. Bull. Soc. Entomol.
National Chung Hsing University 16:9-26
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Fig. 3  The average temperature, humidity and total rainfall, rain days
per 10 days in Tungshih and Hoping
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Importance of ecological studies for application S.I.T.
against Ceratitis capitata Wied.
J.P.ROS
Instituto Nacional de Investigaciones agrarias, Madrid, Spain

Summary
During three years, field ecological studies have been made to determinate the development speed of different biological stages (egg-ripe
larvae; pupae-adult) of C. capitata
in relation to ambiental temperature. The obtained results show us that there is a nearly lineal relation between the time in which the larvae develops itself inside the
fruit and the average temperature of this period. The pupae stage follows a parabolic relation. With these informations we can foresee the
possible number of generations in each place, and also the top populations typical of these kind of fly. The prevision of these top populations may be very useful in S.I.T. programs. On insecticide treatments, in citrus area, it would be very useful too, to foresee the most
idoneus days to spray.

1 . INTRODUCTION
One of the first problems to resolve by the scientists, before starting
a S.I.T. program, against fruit flies, is to know as best as possible the
biology and the ecology of the insect in the experimental area.
The number of generations, the time they spend to complete their biological stages and the density of wild population, are indispensible to start
the sterile insect releases and the support baith sprays.
The use of trimedlure or amonium phosphate traps, to study the density
and dispersion of wild population of C. capitata
is fundamental, but they
may produce great errors because there are too many parameters that affect
the fly captures. For example, the temperature affects the volatility of
chemicals from attractans and also the vitality of adults to fly. The chemical purity of attractans and the position of traps in the experimental area
influences in a high degree the number of captures....
The famous Bodenheimer's hyperbolas in relation to the speed of development in C. capitata
can not be adapted to environmental temperatures and we
can not apply it in different areas. Therefore, the theory of the number of
generations in different places of the world, does not work in practice.
In the present work, we try to increase the knowledge of this insect
and to help for the success of S.I.T. programs.
2. MATERIALS AND METHODS
In the citrus Spanish area (province of Castellón, Mediterranean cost)
has been established in the field two stations to follow the evolution of the
different stages of C. capitata
(egg-ripe larvae; pupae-adult).
Each station has been compounded by an International cylindrical fruit
fly field cage (OILB, Quantlity Control Test) covering an orange tree and a
thermo-hydrograph if order to read the daily environmental temperature.
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Only oranges have been used at the station no. 1, other fruits (peaches,
pears, apricots, plums, figs ...) have been used at the station no. 2, in
order to detect different speeds of development between them. Both stations
are separated 10 km.
From the mass rearing laboratory of INIA, 15 000 flies are introduced
in the field cages and provided with fruits in order to stimulate the flies
to lay eggs.
Every three days the fruits are removed and new ones provided.
The parasi ted fruits are hanged on neighbouring orange trees in ned
bags. This fruits are continuously supervised to detect the days in which
the ripe larvae leaves them. In the same way the pupae in the ground have
been followed, to detect the adult emergences (F ) , and so on until F .
Two hundred stages (eggripe larvae and pupaeadult) are obtained from
April to December.
The variation of daily mean temperature in this period has been between
8°C and 28°C.
3. RESULTS
3.1. Eggrip_e_larvae_stage
One hundred eleven (111) eggripe larvae stages have been obtained in
orange fruits and one hundred thirthy two (132) in other ones, from April to
December, in a long interval of environmental temperatures.
43 days is the largest period obtained with a mean temperature of 12,4°C
and 11 days the minimum with a mean temperature of 25,5°C.
The best regression curve which belongs to oranges, is the parabolic :
SÇM = 447.802
R
=
94,96
F
= 1017.066
Ρ
=
0,00000
The best regression curve which belongs to other fruits is the para
t = 0.043T  3.701T+ 77,322

bolic
SMC
R
F
Ρ

t = 0.062T  4.376T+ 80,384

= 308.666
=
96,30
= 1429.946
=
0,00000

t = time in days; T = the average temperature of the period °C.
We can see that the speed of larvae's growth inside the fruits is almost
proportional to the environmental temperature (the regression curve is prac
tically a right line) (Fig. 1 ) .
We can also see a less speed of growth of larvae in oranges than in
other fruits, due perheps to the quality of nutrients or different tempera
tures inside the fruits.
3.2. Pup_al_stage
Ninety three (93) pupal stages have been obtained from larvae grown in
orange fruits and ninety eight (98) from other fruits.

34 days i s the l a r g e s t period obtained with a mean temperature of 11,4°C
and 7 days the minimum with a mean temperature h i g h e r than 21°C.
The best regression curve of pupae from larvae grown in oranges is the
parabolic :
SÇM =
R
=
F
Ρ

t =» 0.136T  6.078T+ 76,932
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445.541
88,68
344.723
0,00000

Figure 1
Speed of development of
eggripe larvae stage in
relation to environmen
tal temperature,
(mean temperature of
period).
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The best regression curve of pupae from larvae grown in other fruits is
the parabolic :
SÇM
R
F
Ρ

= 223.802
= 88,53
= 358.887
=
0,00000

t = time in days; T = the average temperature of the period °C.
We can see, like the larvae stage, a less speed of development of pupae
from larvae grown in oranges than in other fruits (Fig. 2 ) .
3.3.Eggadult stage
With anterior results the time for total development has been calculated.
Sixty one (61) days is the largest time obtained with a mean temperature
of 13,8°C and twenty one (21) days the minimum with a mean temperature higher
than 22,5°C.
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The best regression curve of total development in oranges is the para
bolic :
SÇM = 712.548
t = 0.209T2 11.127T+ 168,79

J

"

^

^

Ρ

=

0,00000

and the appropriate for other fruits is the parabolic :
SSM = 345.665
R"
F
Ρ

t = 0.139T  7.842T+ 127,12

=
96,83
= 1448.784
=
0,00000

both are practically right lines (t = 96,1273,164T oranges;
t = 86,4662,976T other fruits),

Figure 2
Speed of development of
pupae stage in relation
to environmental tempera
ture (mean temperature of
period).
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There is a little difference in the speed of development between oranges
(less) and other fruits (Fig. 3 ) .

Figure 3
Speed of development of
egg-adult stage in relation to environmental
temperature (mean temperature of period).

4. CONCLUSIONS
4.1. No significant differences in the development speed between flies from
mass rearing laboratory and the successives generations growing under
natural conditions.
4.2. A higher development speed is detected in several fruits (peachs, apricots, figs, pears, plums...) than in oranges (in agree with Bodenheimer
and Vieira).
4.3. No significant differences of development speed are detected between
peachs, apricots, figs, pears and plums.
4.4. Significative differences are detected between Bodenheimer hyperbola
(constant temperature), Vieira's curve (the mild temperature of the
island of Madeira) and the obtained one by us.
4.5. The study of evolution of wild population in the experimental area
during the year, with trimedlure traps, the separation between two maximum of captures agree practically with the predict values of experimental curves (egg-adult).
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4.6. It is very positive as much for S.I.T. programs as baith sprays, to
foresee by the use of these experimental curves, the top populations
of these insect.
4.7. Finally, these curves may be also useful for scientists who are studying
possible mathematical models of evolution of Ceratitis
capitata
Wied.
REFERENCES
1.
?

3.

BONDENHEIMER F.S. (1924) - On predicting the development cycles of
insects : I. Ceratitis capitata. Bulletin of the Société Royale Entomologique d'Egypte.
VIEIRA R.M.S. (1952) - A mosca da fruta na ilha da Madeira Edicao do
gremio dos exportadores de frutas e productos hortícolas da ilha da
Madeira.
ROS J.P. (1982) - Influencia de la temperatura media diaria en el
desarrollo de Ceratitis capitata Wied. en areas citricolas. Sterile
insect technique and radiation in insect control. (IAEA-SM-255/46).

73

Fruit fly symbiosis and adult survival: General aspects
V.GIROLAMI
Istituto di Entomologia agraria, Università degli Studi, Padova, Italy

Summary
There are two fundamentally different types of symbiosis in Tephritidae.
One with bacteria in the "cephalic vesicle", which they leave to enter
the mid-gut. In the other the bacteria multiply in specific organs of
the mid-gut.
In the first case the bacteria are found inside the peritrophic m e m brane, in the second case outside.
In the D. oleae larva the bacteria are present in the "blind s a c s "
and in the mid-gut. In other species, the "blind s a c s " are empty, and
symbioti-c bacteria are not evident in the intestinal flora.
All this suggests that usually, symbiotic bacteria are more important for adult survival than for larval survival.

Symbiotic bacteria are commonly found in insects whose diet is not
well-balanced because of the lack of vitamins or aminoacids, for example bloodsuckers and plant-sap suckers. Their presence is unusual in insects that feed on seeds, unripe fruit and leaves, such as lepidopteran lar
vae.
The situation in Tephritidae is more complex. The larvafeedon fruit
pulp (Dacus, Ceratitis, Rhagoletis etc.);leaves (e.g. miner Philophylla);
composite flowers (Tephritinae Urophorinae); stems; galls; etc.
Immature seeds and receptacles of composites or leaves are nutritionally complete; fruit is problably l e s s balanced because, unlike lepidoptera, the fruit fly larva does not eat the seeds. Only in this case might one
reasonably expect to find symbiosomes in the l a r v a e . Surprisingly, the
larvae of many Tephritinae living on composites have symbiotic b a c t e ria in blind sacs (8).
The Dacus oleae larva has intestinal blind sacs filled with large symbiotic bacteria which are not present in Ceratitis, Rhagoletis, Phagocarpus,
My oli a or Philophylla species.
It is possible that these larvae do not have true symbiotic bacteria in
the intestine, even if a rich bacterial flora is present. (It is difficult to establish whether species regularly found in intestinal lumen are commensals or true symbiotic bacteria).
Symbiotic bacteria are clearly present in almost all the adults of different Tephritidae species. In the true fruit fly bacteria multiply in the
CEC/IOBC Symposium /Athens /Nov. 1982
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cephalic vesicle (4),for a long time only observed in Dacus oleae (1;7). The
bacteria arrive in the midgut from the pharingeal vesicle and are contai
ned in the peritrophic m e m b r a n e . In Tephritinae and Urophorine (living
on composites) there are no bacteria in the vesicle but symbiosomes are
present in the epithelium of the midgut in more (Sphenella or Acanthio
philus) or l e s s specific t r a c t s . (8)
When bacteria leave the epithelial cells they remain on the outside of
the peritrophic m e m b r a n e . This suggests that the two kinds of adult sym
biosis (Tab. 1) have evolved independently and therefore are n e c e s s a r y
for adult life. Only Ur ophor inae seem not to have symbionts.
The importance of symbionts for the larval development of t r u e fruit
flies has probably been overemphasize d because the first fruit fly found
to have symbionts was Dacus oleae (7) the larva of which depends on sym
bionts for its survival. (3). The presence of special organs to t r a n s m i t
symbionts from the adult to the eggs and larvae might also have suggested
that symbiosis i s important for larvae; however this might only be useful
for the adults.
Adult Tephritidae are glycifagous and commonly feed on honeydew
(5), fruit juice and also pollen (2). Long life and high fecundity, c h a r a c t e 
ristic of Tephritidae, require a wellbalanced diet. It is probable that
symbionts are very important in this r e s p e c t .
If true symbiotic bacteria are essential for adult survival and not
only for larval survival
(and breeding of some species (4)), the role
of symbiosis in "qualitycontrol p r o g r a m m e s " could be important.

REFERENCES
(1) BÜCHNER, P. (1965). Endosymbiosis of Animals with Plant Microorganisms.
Interscience Pubi., (909p.).
(2) ECONOMOPOULOS, A.P., VOYADJOGLOU, Α.V., GIANNAKAKIS, A*, (1976). Repro
ductive behavior and physiology of Dacus oleae: Fecundity as affected by
mating, adult diet and artificial rearing. Ann.Entom.Soc.Am.69:725729.
(3) FYZITAS, E., TZANAKAKIS M.E. (1966). Some effects of streptomycin, when
added to the adult food, on the adults of Dacus oleae (Diptera Tephriti
dae) and their progeny. Ann.Entomol. Soc.Am. 59:269273.
(4) GIROLAMI, V. (1973). Reperti morfoistologici sulle batteriosimbiosi
del Dacus oleae e di altri Ditteri Tripetidi, in natura e negli alle
vamenti su substrati artificiali. Redia, 54:269294.
(5) HAGEN, M.S., TASSAN R.L. (1972). Exploring nutritional roles of extra
cellular symbiotes on the reproduction of honeydew feeding adult Cryso
pids and Tephritids. Insect and mite nutrition, NorthHolland, Amster
dam, pp. 323351.
(6) KLOET, G.S., HINCKS, D.H. (1976). A check list of British insects part
5° Diptera and Siphonaptera. London Royal Entomol. •■Society.
(7) PETRI, L. (1909) Ricerche sopra i batteri intestinali della mosca olearea
Mem. Staz. Pat. veg., Roma, p. 1129.
(8) STAMMER, H.J. (1929). Die Bakteriensymbiose der Trypetiden (Diptera).
Ζ. Morphol. Okol. Tiere, 15:481523.

75

SUBFAMILIA

CENUS

SPECIES

SYMBIONTS
VESICLE TYPE

IN VESICLE

IN MIDCUT
Inside perltrophic
membrane

DACINAE

•Dacu·

oleae GMEL.

DACUS

X

X

CERATITINAE

Ceratilis

capitala WIED.

CERATITIS

X

X

Rhagoletis
Trypeta
Acidia
Philophylla
Hemilaea
Myolia
Cryptaclura

cerasi L.
zoeMEIC.
cognata WIED.
heraclel L.
dimidiata O.COSTA
caeslo HA RR.
rotundivenlris FA LL.

M

X
X
X
X
X
X
X

X
X
X
X
X
X
X

X
X
X
X
X
X
X

X
X
X
X
X
X
X

TRYPETINAE
(TRYPETINI)

TRYPETINAE
(TERELLINI)

OJ

UROPHORINAE
TEPHRITINAE
(DITHRYCHINI)

TEPHRITINAE
(TEPHRITINI)

Tab.

Chaetostomella
Chactorellia
Chaetorellia
Tardila
Orellla
Orellia
Orellla
1 Xyphosia

onotrophes LOEVV.
jaceae ROB.DESV.
hexachaet'a LOEW.
fusclcornis LOEW.
falcala SCOP.
colon MEIG.
ruflcauda FA BR.
miliaria SCHR.

■

"
»
■
H

Ν

CHAETORELLIA

"
«
«
"a
"
ENSINA

Urophora
Urophora
Ensina

solstltlalls L.
quadrifasclata MEIC.
•onchl L.

"
a

Oplocheta

pupilla» FA LL.

a

Paroxyna
Oxyna
Sphenella
Tephritis
Tephritis
Tephritis
Tephritis
Trypanea
Trypanea
Acanthlophilus

punctella FA LL.
flavlpennls LOEW.
marginata FA LL.
arnlcae L.
conjuncta LOEW.
formosa LOEW.
laontodontis DE CEER
amoena FRFLO.
stellau FUESSL.
helianthi ROSSI

Ν

a
a

•
Ν

a
a
a
a
a
a

outside perltrophic
membrane

no symblonts ?
no symblonts ?
no symblonts ï
no symblonts ?
no symblonts Τ
X
X
X
X
X
X
X
X
X
X

Differences in the presence of symbiotic bacteria in the midgut of adult Tephritidae in relation to dif
ferent kinds of symbiosis depending on multiplication of bacteria in the cephalic vesicle.
Vesicle type according to Girolami 1973 (4). According to lists of insects of Entomological Society of
London (6).
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Summary

Most tephritid species house symbiotic bacteria which appear essential for
normal development and may play a role in host race formation and speciation.
To identify the symbiont(s) of R. pomonella, all developmental stages of the
fly were screened for bacterial associates. Only one bacterial colony type was
consistently associated with all life stages, organ systems, and age groups.
Characterization of isolates from the esophageal bulb indicate that at least
two species, Klebsiella oxytoca and Enterobacter cloacae, are represented by
this colony type, but the former species is by far the more numerous. Pathogenicity tests demonstrated that both species are capable of causing rot in
apples, and it is possible that this degradative ability has some functional significance to the fly.

Résumé
La plupart des espèces du Tephritidae
abritent des bactéries symbiotiques qui semblent être essentielles à leur développement normal et qui
peuvent bien jouer un rôle dans la création de races de l'hôte et dans
la spéciation. Afin d'identifier le(s) symbiote(s) du R. pomonella, on
a recherché des bactéries associées à l'insecte à toutes les étapes de
son développement. Il n'y a qu'un seul type de colonie bactérienne qui
a été associé uniformément à toutes les étapes de développement, à
tous les systèmes d'organes et à tous les âges de l'insecte. La caractérisation d'isolats venus du bulbe oesophagien montre que ce type de
colonie est présent surtout chez deux espèces : 1''Enterobacter
cloacae
et le Klebsiella
oxytoca. Le dernier est de loin le plus commun. Des
tests de pathogénicité ont démontré que les deux espèces peuvent faire
pourrir la pomme, et il est bien possible que cette activité de décomposition ait des effets qui sont fonctionnellement significatifs.

1. INTRODUCTION
Symbiotic bacteria appear to be essential for normal host plant utilization and
larval survival in several species of Tephritidae. In the best documented case of
tephritid symbiosis, involving Dacus oleae, elimination of the bacterial symbiont,
Pseudomonas savastanoi, impeded larval development and adult reproduction (11,
12). Similar but more preliminary work on Rhagoletis pomonella, by Allen and his
colleagues (2) indicated that larval survival and development in this fly also depends
on the presence of a bacterium, described as Pseudomonas melophthora, which o c curs with all developmental stages of Rhagoletis pomonella (1-3). The methodology
of Allen et al., unfortunately, did not establish with certainty whether this
CEC /IOBC Symposium/Athens /Nov. 1982

77

s

bacterium was a symbiont (sensu Starr, 21), or merely common in the environment.
In an attempt to clarify the basis of the Rhagoletis-bacteria relationship,
Miyazaki et al. (ΙΊ) determined that a bacterium identified as P. melophthora
could produce two amino acids not found in apple. However, the nutritional require
ments of R. pomonella were never determined making the significance of the bac
terium's metabolic capability uncertain. Furthermore, Dean and Chapman (9)
screened adult females for bacteria and never found P. melophthora, although one
species of Enterobacteriaceae was prominent in most individuals. Several bacteria
have also been found in association with R. pomonella which are likely pathogens
(17). In a recent study, Tsiropoulos (23) isolated two bacterial species from
Rhagoletis completa, which were associated with all developmental stages of the
fly. These conflicting results suggest a more complicated system of symbiotic rela
tionships than originally assumed.
Given their possible roles in nutrition and/or host plant detoxification (5),
Rhagoletis symbionts may serve to limit or expand the food range of their host. B e
fore addressing this issue with regard to R. pomonella it is important to identify
associated bacteria, and determine whether they truly live together with the fly or
are merely associated by chance. We report here the identification of bacterial
species that are likely symbionts.
2. MATERIALS AND METHODS
Bacterial Screening: Phase I
Our screening of R. pomonella for bacterial associates has gone through two
phases. In the first, infested apples were collected in the field during 1980 in
Wisconsin, Michigan, and Massachusetts. This fruit was held in trays until the larvae
emerged and pupated in moist vermiculite below the fruit. Pupae were then stored
at 't0 C in vermiculite for five months to simulate overwintering diapause condi
tions. In conjunction with the usual seasonal eclosión period, pupae were transferred
to a 25° C chamber until adult emergence. Twelve to twenty four hours after emer
gence, the flies were given water, sugar cubes, and hydrolyzed yeast. Small, clear
lucite cages (15 cm χ 15 cm χ 15 cm), each with five pairs of flies, were set up.
Twelve days after emergence, a Red Delicious apple was placed into each cage for
ovipositing females.
Bacterial screening was carried out on adults ranging in age from 0 hours to 21
days, on eggs dissected from the mature ovaries, on larvae removed from Red Deli
cious apples, and on pupae reared on Red Delicious apples. Adults were dissected
and the esophageal bulb (whose sole function appears to be the housing of bacteria in
Rhagoletis and other tephritids, 6, 19), rectal sac, and ovary were removed. Stan
dard sterile techniques were used for all procedures. Prior to dissection, each indi
vidual was externally disinfected in 1.0 ml benzalkonium chloride (1:750) for three
minutes, followed by 3 seven minute rinses in sterile Ringer's solution. Dissected
organs were ground in 0.5 ml sterile saline. Similarly, small samples (0.5 cm^) of
apple rot taken from apples infested by R. pomonella were ground in 0.5 ml of
sterile Ringer's solution. Fifty microliters of macerated samples were spread on to
prepared plates of nutrient agar with 2% glucose and incubated aerobically at 24° C.
Growth was monitored by visual inspection of plates.
Pathogenicity of B acteria against Apple
Allen and Riker (3) reported that inoculations of P. melophthora into apple
tissue invariably caused brown rot. To test the ability of bacterial isolates to rot
apple, a sample of cells taken from a single colony (approximately 2f hours old) was
inoculated into apple as follows. Red Delicious cubes (1 cm χ 1 cm) were cut with
sterile instruments under sterile conditions. Five such cubes were arranged around a
sterile petri dish, close to the perimeter. The dish held a thin layer of sterile agar
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to maintain the moisture of the apple. For each bacterial sample to be assayed,
three of the five cubes were inoculated by pricking with a needle dipped in a bacterial colony derived from a single individual. The two control cubes were pricked
with sterile needles. Petri dishes were incubated at 2<JO c and monitored for brown
rot. The pathogenicity tests were carried out before a select subset of rot-causing
bacteria was sent to a bacteriological laboratory for identification.
Bacterial Screening: Phase II
In the second phase of bacterial screening we expanded the scope of our investigation to include another host race of R. pomonella, the Hawthorn race, but on the
basis of results obtained in the first phase of this study we limited our isolations to
the esophageal bulb of adults. Flies from three localities were used in these studies.
Infested apples were collected from Traverse City, Michigan in late August 1981,
and infested Hawthorn fruit from New Era, Michigan in late September and early
October, 1981. Adult flies were reared from this fruit in the manner described
above and were three to six weeks old when dissected. R. pomonella from East
Lansing, Michigan were collected as adults in an apple orchard in September 1982
and dissected the next day. Dissections were carried out as described earlier with
the following modifications. Esophageal bulbs were macerated in 0.2 ml sterile
phosphate buffer (18). Serial 10-fold dilutions of bulb homogenate were made, and
0.1 ml of each dilution was spread on supplemented brain heart infusion (BHI) plates
(13). BHI broth solutions were used for diluting the homogenate. Plates were left at
room temperature (22-27°C) and colonies were counted and picked 2k hours later.
Isolated colonies were considered pure cultures after two successive passages on
streak plates.
We calculated the number of viable bacteria per bulb from the number of colonies present on spread plates having between 30 and 300 isolates. To gauge the
success of our culture techniques in recovering bacteria from the esophageal bulb, a
comparison was made between the viable cell count and a direct microscopic count
of bacteria present in the bulb homogenate. The latter was done by using a flat
capillary tube with an optical path length of 0.05 mm and a capacity of 1.25/tl.
Gram-negative rods isolated in the second phase of bacterial screening were
characterized using API 20E test strips and the API Profile Recognition System
(Analytab Products Inc., Plainview, N.Y.). This system is designed for the identification of Enterobacteriaceae and other Gram-negative bacteria, and performs 23
standard biochemical tests on each isolated colony. The methods for performing the
tests were those recommended by the manufacturer. Pseudomonas aeroginosa,
Escherichia coli, and Klebsiella pneumoniae (culture collection, Department of
Microbiology and Public Health, Michigan State University) were used as controls
during this testing.
3. RESULTS
A variety of bacteria (distinguished by colonial phenotype) were isolated
during phase I of our bacterial screening. Some bacteria were consistently associated with only certain life stages, while others appeared sporadically. Only one
bacterial type, to be referred to as white opaque, on the basis of colony morphology,
was persistent throughout all life stages, organ systems, and age groups. (For a
more complete morphological description, see the description of colony type 1 in
Table I). The white opaque bacterium was recovered from the external surface of
eggs taken from the ovaries of mature females, from the gastric caecae and intestines of disinfected larvae, and from the inside of one to five day old pupae. It was
also recovered from the esophageal bulbs of freshly emerged adults, eliminating the
possibility of environmental contamination.
Thirty-six isolates forming white opaque colonies were tested for their ability
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to rot apple. These isolates were obained from 36 different individuals at various
stages of development. The majority of isolates, 29, were able to rot apple. Of the
seven isolates that did not cause rot, five were from the esophageal bulbs of 30 hour
old adults, one was obtained from gastric caecae, and one was isolated from larval
intestine.
Five isolates of rotproducing white opaque bacteria, each derived from a
Wisconsin individual at a different stage of development, were tentatively identified
at Texas Testing Laboratories, Inc. (San Antonio, Texas) as Klebsiella pneumoniae.
However, one white isolate obtained from the esophageal bulb of an adult fly from
Massachusetts stock was identified as Enterobacter cloacae.
Table I summarizes bacterial screening results during phase II of our investiga
tion. Our culture techniques appeared to be sucessful at recovering esophageal bulb
bacteria. Results of one control experiment indicated that viable cell counts were
119% that of the direct microscopic count. The number of viable bacteria per eso
phageal bulb in laboratory and field collected flies ranged from 1.7 χ IO 5 to 1.3 χ
1θ6.
In all but one individual of R. pò monella from apple, the predominant bacterial
colony type was white opaque. In the exceptional individual, 52% of the isolates
formed type 3 colonies (Table II), W)% formed white opaque colonies, and 8% formed
type *> colonies (Table II). The white opaque colony type appears to represent more
than one species of bacteria. Most white opaque colonies picked were identified by
API 20E testing as Klebsiella oxytoca. However, two isolates were identified as
Enterobacter cloacae, and one isolate has yet to be positively identified (Table II).
In addition to the white opaque bacteria, esophageal bulbs of R. pomonella from
apple often housed many thus far unidentified Grampositive cocci. A small number
of slowgrowing white opaque colonies were also obtained from two individuals.
These have not yet been examined.
The esophageal bulbs of R. pomonella from Hawthorn appear to contain a less
diverse array of bacterial species than R. pomonella from apple. We identified two
colony types, differing in size, during bacterial screening (Table II). In subsequent
testing both types proved to be K. oxytoca.
H. DISCUSSION
The data generated during phase I of our work confirms the persistence of an
apple rotting bacterium giving rise to white opaque colonies through all life stages
of R. pomonella. Its occurrence inside externally disinfected pupae and in eso
phageal bulbs of newly emerged adults indicates that it is not merely a chance
associate. Ratner and Stoffolano (19) have shown that during pupation, bacteria are
found only in the esophageal bulb. The esophageal bulb appears, two to three weeks
after pupation, developing nine to fourteen days later to its full size. At maturation
the lumen of the esophageal bulb holds a dense population of Gramnegative rods
united in a basophilic mass. Ratner and Stoffolano were unable to find bacteria
elsewhere in the pupa. Our results strongly suggest that the Gramnegative rods
found by Ratner and Stoffolano correspond to our white opaque colony. Initial iden
tification of sample isolates indicated that at least two species of Gramnegative
bacteria, K. pneumoniae and E. cloacae, were represented by this type of colony.
Later results involving more extensive biochemical testing of colonies isolated from
the esophageal bulbs of the apple and hawthorn races of R. pomonella are basically
in accord with these early findings. This later work identified a small proportion of
the isolates as Enterobacter cloacae; however, based on production of indole we feel
that the Klebsiella species should be regarded, tentatively, as K. oxytoca not K.
pneumoniae. Our caution seems justified by the current uncertain state of
Klebsiella systematics (16, 25), and by the recent work of Naemura and her collea
gues (15) which indicates that indole production alone may not be sufficient to
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TABLE I
IDENTIFICATION OF BACTERIA ISOLATED FROM ESOPHAGEAL B ULB

Site of
Collection

Number
of'
Viable
Host Bacteria
Fruit in B ulb

1

E. Lansing

Apple 3.6x105

E. Lansing

Proportion of Isolates
exhibiting
Colony Typel
3

k¿

0.51

0ΛΊ

O.Of

Apple 1.3x106

0.78

0.22

E. Lansing

Apple 1.7x105

0.71

0.29

E. Lansing
E. Lansing

Apple 3.1x105
Apple 2.7x105

1.00
0Λ0

0.52

Traverse City Apple 1.9x105

0.97

0.03

Traverse City Apple



Ρ*

Traverse City Apple



Ρ

New Era

Haw

2Λχ1θ5

0.80

New Era

Haw

2.5x105

1.00

New Era

Haw

3.6x105

0.95

New Era

Haw

3.1x105

1.00

2

0.08

0.20

0.05

Isolate
Colony
Type

Isolate
Identity

1
3
1
3
1
3
1
1
3
1
3
1
1
1
1
1
1
2
2
1
1
1
1
2
2
1
1

K. oxytoca
Gram+ cocci
K. oxytoca
Gram+ cocci
K. oxytoca
Gram+ cocci
K. oxytoca
K. oxytoca
Gram+ cocci
Enteric type^
Gram+ cocci
K. oxytoca
E. cloacae
K. oxytoca
E. cloacae
K. oxytoca
K. oxytoca
K. oxytoca
K. oxytoca .
K. oxytoca
K. oxytoca
K. oxytoca
K. oxytoca
K. oxytoca
K. oxytoca
K. oxytoca
K. oxytoca

1 1 = Form, circular; elevation, convex; margin, entire; surface, smooth; white;
opaque; fastgrowing.
2 = Form, circular; elevation, convex; margin, entire; surface, smooth; white;
opaque; slowgrowing.
3 = Form, circular; elevation, flat; margin, entire; surface, smooth; white;
opaque; slowgrowing.
4 = Form, circular; margin, entire; white; opaque; very slowgrowing.
2 Colony type 5 isolates have yet to be examined in detail.
* Assigned to the family Enterobacteriaceae.
* Ρ = Present. B ecause plates were wet, colonies could not be reliably counted.
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differentiate Κ. oxytoca from other strains of K. pneumoniae. It is of interest that
Dean and Chapman (9) also found K. oxytoca to be the most common species isolat
ed from R. pomonella adults.
We did not find P. melophthora, the bacterium isolated by Allen and his col
leagues from R. pomonella (2, 3). t w o possible explanations for this are differences
in isolation procedures or misidentification. Regarding differences in isolation pro
cedures, earlier workers who have found P. melophthora have either relied on isola
tions from macerated whole organisms (2, 3), isolations from rotting fruit tissue (Ό,
or isolations from larval digestive tracts (14). These approaches leave open the
possibility that P. melophthora is a contaminant widely distributed in the environ
ment and not a symbiont of R. pomonella. To reduce the impact of contamination,
we restricted our isolations in phase II of bacterial screening to an organ whose only
function apears to be the harboring of symbionts. As for the possibility of misiden
tification, Allen and Riker's (3) description of P. melophthora does not fulfill the
criteria currently required for identification and/or naming of a bacterium (10).
Because they did not establish a type strain of P. melophthora, it is impossible to
reconsider its taxonomie position. Recently, Dhanvantari et al. (10) reclassified as
Acetobacter pasteurianus an apple rot bacterium previously referred to as P.
melophthora (8). B ecause A. pasteurianus was isolated from uninfested rotting
apples collected in England, we do not believe that this work is relevant to the ques
tion of symbionts in North American Rhagoletis.
Further scrutiny of bacteria taken from the esophageal bulb of R. pomonella
and other Rhagoletis species is now underway. Our shortterm goals are to deter
mine the nature of differences, if any, that exist between the same species of bac
teria derived from different sources and to ascertain the functional significance of
the bacteria. We plan to use a combination of traditional phenotypic tests and more
recently developed techniques of molecular characterization to answer the former
question. Recent studies of Klebsiella pneumoniae and Klebsiella oxytoca which
have uncovered tremendous heterogeneity within these taxa, underscore the neces
sity of such an approach. For example, some strains of bacteria phenotypically
identified as K. pneumoniae have only 5% relative DNA reassociation to the K.
pneumoniae neotype culture ATCC 1388 (20).
Determining the functional significance of the bacteria poses a more challen
ging problem. Symbionts may serve any or all of a number of functions. For ins
tance, a symbiont may provide necessary nutrients such as vitamins, amino acids,
and minerals. Tsiropoulos (2<t) has been able to assign such a function to the sym
biont(s) of the walnut husk fly, R. completa, by studying the effect of antibiotics
incorporated into chemically defined diets. B acteria may also aid larvae in the
digestion of fruit tissue. Recent studies have reported that K. oxytoca exhibits
pectinolytic activity (7, 22), but does not secrete large amounts of degradative
enzyme(s) into the environment and does not rot fruit. However, our results suggest
that the K. oxytoca strains found in R. pomonella can cause rot. Therefore, it is
likely that these strains secrete large amounts of degradative enzyme(s). It may
turn out that apple maggots are dependent on this pectinolytic activity for the
breakdown of fruit tissue.
5. ACKNOWLEDGEMENTS
We are grateful to John B reznak for allowing us to use his laboratory while
ours was being remodelled, and for help with microbiological techniques. David
Odelson and Reginald O'B rien also provided invaluable advice on techniques. We
thank all of the above for comments on an earlier version of this paper.

82

6. REFERENCES
1.

ALLEN, T.C. 1931. B acteria producing rot of apple in association with the
apple maggot,Rhagoletis pomonella. Phytopathol. 21:338.
2.
ALLEN, T.C., 3.A. PINCKARD, and A.J. RIKER. 1934. Frequent association
of Pseudomonas melophthora with various stages in the life cycle of the apple
maggot, Rhagoletis pomonella. Phytopathol. 24:228238.
3.
ALLEN, T.C. and A.3. RIKER. 1932. A rot of apple fruit caused by
Pseudomonas melophthora following invasion by the apple maggot.
Phytopathol. 22:557571.
4 . B AERWOLD, R.3. and G.M. B OUSH. 1968. Demonstration of the bacterial
symbiote Pseudomonas melophthora in the apple maggot, Rhagoletis
pomonella, by fluorescentantibody technique. 3. Invert. Pathol. 11:251259.
5. B OUSH, G.M. and F. MATSUMURA. 1967. Insecticidal degradation by
Pseudomonas melophthora, the bacterial symbiote of the apple maggot. 3.
Econ. Entomol. 60:918920.
6. B ÜCHNER, P. 1965. Endosymbiosis of Animals with Plant Microorganisms.
Interscience Publishers, New York. 909 pp.
7.
CHATTER3EE, A.K., G.E. B UCHANAN, M.K. B EHRENS, and M.P. STARR.
1979. Synthesis and excretion of polygalacturonic acid transeliminase in
Erwinia, Yersinia, and Klebsiella species. Can. 3. Microbiol. 25:94102.
8.
COLE, M. 1959. B acterial rotting of apple f ruit. Ann. Appi. B iol. 47:601611.
9.
DEAN, R.W. and P.3. Chapman. 1973. B ionomics of the apple maggot in
eastern New York. Search Agrie. Entomol. Geneva 3(10), 62 pp.
10. DHANVANTARI, B .N., D.W. DYE, and 3.M. YOUNG. 1978, Pseudomonas
pomi (Cole, 1959) is a later subjective synonym of Acetobacter pasteurianus
( Hansen, 1879; B eijerinck, 1898) and Pseudomonas melophthora (Allen and
Riker, 1932) is a nomen dubium. Int. 3. Syst. B acteriol. 28:532537.
11. FYTIZASE, E. and M.E. TZANAKAKIS. 1966. Some effects of streptomycin
when added to the adult food, on the adults of Dacus oleae and their progeny.
Ann. Entomol. Soc. Amer. 59:269273.
12. HAGEN, Κ.S. 1966. Dependence of the olive fruit fly, Dacus oleae, larvae on
the symbiosis with Pseudomonas savastonoi for the utilization of the olive.
Nature 204:423424.
13. HOLDEMAN, L.V. and W.E.C. MOORE (ed.). 1975. Anaerobe Laboratory
Manual. Virginia Polytechnic Institute and State University, B lacksburg.
14. MIYAZAKI, S., G.M. B OUSH, and R.3. B AERWALD. 1968. Amino acid
synthesis by Pseudomonas melophthora, a bacterial symbiote of Rhagoletis
pomonella (Diptera). 3. Insect Physiol. 14:513518.
15. NAEMURA, L.G., S.T. B AGLEY, R.3. SEIDLER, 3.B . KAPER, and R.R.
COLWELL. 1979. Numerical taxonomy of Klebsiella pneumoniae strains
isolated from clinical and nonclinical sources. Curr. Microbiol. 2:175180.
16. NAEMURA, L.G. and R.3, SEIDLER. 1978. Significance of lowtemperature
growth associated with the fecal coliform response, indole production, and
pectin (sic) liquefaction in Klebsiella. Appi. Envir. Microbiol. 35:392396.
17. POINAR, G.O., 3r., G. THOMAS, and R.3. PROKOPY. 1972. Microorganisms
associated with Rhagoletis pomonella (Tephritidae: Diptera) in Massachusetts.
Proc. Entomol. Soc. Amer. 108:1922.
18. POTRIKUS, C.3. and 3.A. B REZNAK. 1977. Nitrogenfixing Enterobacter
agglomerans isolated from guts of woodeating termites. Appi. Environ.
Microbiol. 33:392399.
19. RATNER, S.S. and 3.G. STOFFOLANO. 1982. Development of the
oesophageal bulb of the apple maggot, Rhagoletis pomonella (Diptera:
Tephritidae): morphological, histological, and histochemical study. Ann.
Entomol. Soc. Amer. 75:555562.

83

20.

21.

22.

23.
2k.
25.

SEIDLER, R.3., M.D. KNITTEL, and C. BROWN. 1975. Potential pathogens in
the environment: Cultural reactions and nucleic acid studies on Klebsiella
pneumoniae from clinical and environmental sources. Appi. Microbiol.
29:819-825.
STARR, M.P. 1975. A generalized scheme for classifying organismic
associations. Pages 1-20 in Symbiosis: Symposia of the Society for
Experimental Biology. Number 29. Cambridge University Press, Cambridge.
633 p p .
STARR, M.P., A.K. CHATTER3EE, P.B. STARR, and G.E. BUCHANAN. 1977.
Enzymatic degradation of polygalacturonic acid by Yersinia and Klebsiella
species in relation to clinical laboratory procedures. J. Clin. Microbiol.
6:379-386.
TSIROPOULOS, G.3. 1976. Bacteria associated with the walnut husk fly,
RhaRoletis completa. Environ. Entomol. 5:83-86.
TSIROPOULOS, G.J. 1981. Effect of antibiotics incorporated into defined
adult diets on survival and reproduction of the walnut husk fly, Rhagoletis
completa Cress. (Dipt., Trypetidae). Z. ang. Ent. 91:100-106.
WOODWARD, B.W., M. CARTER, and R.3. SEIDLER. 1979. Most nonclinical
Klebsiella strains are not K. pneumoniae sensu stricto. Curr. Microbiol.
2:181-185.

84

Effects of vitamin overdosing on adult Dacus oleae
G.J.TSIROPOULOS
Demokritos Nuclear Research Centre, Athens, Greece

Summary
A series of vitamins were offered to adult Dacus oleae flies in
higher than normal dosages. The survival of both sexes was signi
ficantly reduced by surplus biotin and pyridoxine. Females were more
sensitive to biotin overdosing than males. Fecundity was significant
ly reduced by overdosing the vitamins: biotin, pyridoxine, inositol
and dehydroascorbic acid. Egg hatchability was significantly reduced
by high dosages of the vitamins biotin and calcium pantothenate.
Resume
Une série de vitamines a été offerte aux adultes de Dacus oleae
à doses
plus fortes que les normales. La survivance des insectes des deux sexes
a été diminuée considérablement par des doses exagérés de biotine et de
pyridoxine. Les insectes femelles se sont montrés plus sensibles visà
vis de la biotine que les mâles. La fécondité a été notablement rédui
te après les doses excessives des vitamines : biotine, pyridoxine,
inositol et acide déhydroascorbique. L'eclosión des oeufs a été remar
quablement diminuée dans les cas de doses élevées des vitamines :
biotine et pantathenate de calcium.

1.

INTRODUCTION

Excesive intake of various vitamins, has been reported to inhibit
the growth, survival and reproduction of several arthropods. Thus, house
fly larvae, Musca domestica, suffered high mortality from hypervitaminosis
with pyridoxine, pantothenic acid, nicotinic acid, or folic acid (10).
Excess riboflavine was toxic to Aedes aegvpti (12), while, adults of the
Mexican fruit fly, Anastrepha ludens, (2), and the house fly ( 1 ) , were
not able to reproduce when high dosages of biotin were included in their
diets. Overdosed biotin also suppressed embryogenesis in the hide beetle,
Dermestes maculatus (11), while another beetle, Xyleborus' ferrugineus,
was not able to reproduce when higher dosages of ascorbic acid and a
tokopherol were included in the diet ( Ό · This paper reports the effect
of high dosages of 15 vitamins, as well as the effect of various dosages
of biotin, on the survival and reproduction of the adult olive fruit fly,
Dacus oleae.
2.

MATERIALS AND METHODS

The experimental flies were of stock AT, which were introduced in our
laboratory from Aghia Trias island, Greece, in 1978. All subsequent gene
rations were reared on artificial larval and adult diets, according to
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a standard rearing technique, developed in our laboratory and described by
Tsitsipis (16).
The larval diet was nutritionally complete and the various dietary vitamin overdosings were imposed on the adults only. All pupae weighted 5.0-6.0 mg. Adults were kept in pairs in 12 cm cubic cages,
9 pairs per diet. All adult defined diets were prepared as described by
Tsiropoulos (IH), and offered to the emerging flies as tiny droplets on
wax paper, changed every 2nd day. The adult diets consisted of six major
ingredients: sucrose, an amino acid mixture, a mineral mixture, vitamins,
ribose nucleic acid (RNA), and cholesterol (14). To study the effect of
vitamin overdosing, each vitamin was added at the indicated percentages
(Tables I and II) and was compared to the full defined diet as well as to
the standard meridie adult diet, routinely used in our laboratory (6).
For oviposition, paraffin cones of a diameter of 3 cm and a height of
5 cm, placed over a wet filter paper, were offered to the flies. Eggs
were collected 3 times/week. Incubation and hatching occured on filter
paper, moistened with 0.3% propionic acid solution, and hatchability was
recorded 4 days after egg collection. The temperature was 25+ 2 °C, R.H.
65+5% and the daily photoperiod 16L: BD. Females allowed to oviposit
for 30 days, regardless of preoviposition period, after which the experiment was terminated. All data were analysed using one - way analysis of
variance, and means were separated by Tukey's HSD test at the 5% level of
significance (9).
3.

RESULTS AND DISCUSSION

The survival, fecundity and fertility of the olive fruit flies fed
the test diets are presented in Tables I and II.
Survival of both sexes was adversely affected in diets no. 5 and 10,
where biotin and pyridoxine were overdosed (Table I ) .
Biotin caused a reduction of survival at 'lower concentrations as
well.
Thus at a concentration., of 2% (diets 1, 2, and. 7,
Table I I ) , both males and females lived significantly shorter. At the
concentration of 1%, only females lived for a shorter period, while with
biotin at 0.5% males had reduced survival. Females showed a reduced
survival even at the concentration of 0.25%, indicating an increased
sensitivity to higher than normal dosages of biotin.
Egg production was significantly affected by overdosing the vitamins: biotin, pyridoxine, inositol and dehydroascorbic acid (diets 5, 10,
12, 15, Table I respectively). Biotin also negatively affected fecundity
at lower concentrations such as 1%, and 2%, by females only, (diets 3 and
1, Table II). This vitamin has been known to inhibit, when in dietary
surplus, reproduction of several insect species such as, house fly (1),
mosquitoes (12), the hidebeetle, Dermestes maculatus, (5, 1 1 ) , and the
fruit flies, Anastrepha ludens, (2), and Ceratitis capitata (5). Biotin
is important in both the synthesis and oxidation of fatty acids and plays
an important role in carbohydrate metabolism (3). However, the exact
mechanism of fecundity suppresion by overdosed biotin, is not known.
Levinson and Cohen (11) have shown that superfluous biotin suppresses
embryogenesis in Dermestes maculatus, probably through a partial inactivation of egg proteases which results in a reduced supply of amino acids, as
well as by the formation of a non-utilizable protein - biotin complex
during later embryogenesis.
Pyridoxine is important in amino acid metabolism and has been found
to be required by adult olive fruit flies (15). Nothing is known about
the mechanism of toxicity of pyridoxine and inositol. Dehydroascorbic
acid, which is the first product of vitamin C oxidation, can be used
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Table I. Response of adult Dacus oleae to holidic diets supplemented
with 4% of single vitamins.

Diet

Vitamin
added

Survival
o*

(days)

a"

o

o

Fecundity

Fertility

egg/living/day

%

?
1

A

2

D

3

E

4

C

,bcd
24.8

5

Biotin

6

Nicotinic acid

7

Calcium pantothenate

8

Thiamine

21.ε1
cd
30.0
bed
26.5
ab
18.0'
bed
24.6
cd
30.0
cd
28.8

9

Riboflavin

30.0

10

Pyridoxine

H

Folic acid

12

Inositol

13

Choline chloride

14

Cobalamine (Β.„)

15

Dehydroascorbic acid

16

Meridie control diet

17

Holidic control diet

8.8
bed
28.3
cd
29.0
bed
24.6
bed
28.5
bed
27.8
cd
29.0
bed
28.1

bed
26.8
be
24.1'
cd
30.0
cd
30.0'
ab
19.0'
21.8
bed
26.3
bc
23.1
bed
26.5

n.i

15.5

cd

bd
91.5

17.9d
cd
14.7
11.4'abc

93.3e

6.2a
16.7cd

65.4a

13.1bed
12.8'bed

68.3a
bc
88.4

11.5 abc

82. 3b

cd
15.4
ab
8.5

bc
90.0'
bc
92.8

17.6C
abc
11.7

93.8e
bc
90.6

7.0a
cd
16.5
cd
16.3

81.6h
bc
92.7
,bc
90.2

94.7e
bc
91.7

93.7C

a

bed
27.0I
25.1bed
27.5bed
28.1bed
24.3'bed
28.5bed
26.4'bed

All chemicals were obtained from the Nutritional Biochemicals Division
of ICN Life Sciences Group, Clevelant, Ohio.
For each parameter, those means not having at least a letter in common,
in the indicated alphabetical range of letters, are significantly
different at the 5% level, according to Tukey's HSD test.
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Table II. Response of adult Dacus oleae to holidic diets supplemented with various proportions of biotin.

D i e t

Fecundity

Fertility

eggs/living o/

%

/day

oo
œ

Males

3.82°
bc
10.75
,ab
6.39'

1

Pull, plus 2% Biotin o only

2

Pull, "

2% Biotin cF

3

Pull, "

1% Biotin both sexes

4

Pull, "

0.5%

"

II

5

Pull, "

0.25% "

II

7.32 ab
10.37.bc

6

Pull, " 0.10%

It

11.58°

7
8

Pull,

Il

2%

Control Pull Diet

"
"

only

both sexes

5.50

Survival

a

12.61°

19.22

51.66

ab

66.00'

18.36

47.56°
ab
64.66
ab
59.89'
ab
68.02

24.22

I

48.52

Females

s

ab
77.49'

23.58 ab
27.10,bc
26.90

.bc

20.02 a
30.23

C

ab
21.59I
26.28 bc
22.31'ab
27.18 bc
21.12 ab
29.65 e

For each parameter, those means not having at least a letter in common, in the indicated alphabetical
order of letters, are significantly different at the 5% level, according to Tukey's HSD test.

equally as well as ascorbic acid, by organisms requiring vitamin C in
their diets (8). This vitamin has been reported as inhibiting the re
production of Xyleborus ferrugineuse),, It was believed that dehydro
ascorbic acid inhibited reproduction by reacting with the casein compo
nent of the diet, reducing thus its nutritive value.
The other overdosed vitamins did not inhibit egg production of Dacus
oleae, even though some of them have been reported, when in surplus, as
interfering with the reproductive process of some other arthropods (4 and
13).
Egg hatchability was negatively affected by high dosages of the vita
mins, biotin and calcium pantothenate (diets 5 and 7, Table I). Biotin
affected fertility even at lower dosages such as 2% and 1% (diets 1, 3 and
7, Table II).
Since oogenesis in olive fruit flies is completed during
their emergence from their puparia (7), it would be interesting to test
vitamin overdosage in the larval stages, even though Levinson and Cohen
(11) have reported that ingestion of surplus biotin did not significantly
interfere with the incorporation of egg yolk proteins by Dermestes macu
latus females, and that their larvae were able to eliminate surplus bio
tin more efficiently.
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The adaptation process and the biological efficiency oí Dacus oleae larvae
A.G.MANOUKAS
Demokritos Nuclear Research Centre, Athens, Greece

Summary
Several tests were conducted and proximate analyses were performed
in order to determine the gross biological efficiency of Dacus oleae
larvae grown in natural (olive fruit) and artificial diet, under
certain conditions. Production efficiency was 2.2 to 19.3 mqs of
pupae/q olive fruit mesocarp and 0.9 to 40.9 mgs of pupae/g artificial diet, depended upon larval density and time following colonization. Protein efficiency under the same conditions ranged from 1.5
to 13.0 and 0.2 to 11.1 for larvae grown in olive fruit and in artificial diet, respectively. The adaptation problem of the immature
stages of the olive fruit fly from the natural to artificial food
is discussed.
Résumé
Pour determiner la conversion biologique des larves de Daaus
oleae
élevées sous conditions naturelles (fruit d'olive) ou sur milieu artificiel et dans certaines conditions, on a exécuté plusieurs essais et
analyses. La capacité de production a été de 2,2 à 19,3 mg de pupes/g
de mésocarpe de l'olive et de 0,9 à 40,9 mg de pupes/g de milieu artificiel; cela dépend de la densité des larves et du temps qu'il s'est
passé depuis le début de la colonisation. La conversion de la protéine
dans les mêmes conditions a été échelonnée de 1,5 à 13,0 et de 0,1 à
11,1 pour des larves élevées sur olives et sur milieu artificiel, respectivement. Le problème de l'adaptation des stades immatures de la
mouche de l'olive en les transférant du milieu naturel au milieu artificiel est discuté.

1.

INTRODUCTION
When an insect is brought into the laboratory faces certain conditions
which exercize a stress. Stress in various forms has been shown to be responsible for most of the troubles encountered in the production efficiency
of colonized organisms. Hans Selye developed a theory to explain the various reactions of animal organisms to degress and kinds of stress. According to this theory a single stress such as temperature, imbalance of
nutrients in the diet or a mild disease condition causes systemic changes
in the organism brought about initially by an alarm reaction which is followed soon afterward by an adaptation process. During this process the organism must create a set of states (body weight, feeding, behavior, etc.)
which will result in maximum fitness for the individual (1).
The olive fruit fly Dacus oleae faces a set of new conditions, when
brought in the laboratory" TTfe most important among them may be the oviposition of the adult in parafin domes and the survival and growth of the
larva in the artificial diet. Particularly, the stress which the larva faces may be very important, since the larva in nature lives and feeds exclusively in the olive fruit mesocarp. Each individual larva must adapt to the
artificial medium with appropriate reaction in its physiology and behavior,
CEC / IOBC Symposium /A thens / Nov. 1982
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in order to survive. During the adaptation only a few individuals survive.
The biological potential of these individuals form the basis for the labora
tory reared insects. The adaptation process and the production efficiency
of the olive fruit fly larvae will be presented in this paper.
2.

METHODS AND MATERIALS
The adaptation process was studied in a population of wild flies
brought in the laboratory from the northwestern part of the island of Crete
October 1976. This population was called stock S. One thousand pupae of an
average weight of 6.6 mg/pupa were used. The adults were maintained under
laboratory conditions as described elsewhere (2). The eggs taken from the
wild females gave the adults of the first generation, those of the first ge
neration, the adults of the second Generation and so on. Diet preparation,
placement of eggs and maintenance of the diets have been described already
(3). Five eggs per gram diet were used and at least five replications per
generation were made. Records on hatchability, pupation, pupal weight and
adult emergence were kept for nine consecutive generations.
Production efficiency of wild and laboratory adapted insects was mea
sured in two wild stocks and in stock Ρ maintained in this laboratory since
1967. The wild stock S used for the adaptation study and another stock
called M, introduced from Marathon, Attiki, October 1977 were utilized. Ripe
olive fruit of "Kalamon" variety was used (mean weight 7.8 g fruit of which
mesocarp 6.9 g/fruit). 3 to 5 olives were exposed to adult mature flies for
24 hours. In the laboratory diet Τ was used for larval growth (2). Five
eggs per gram diet were used for wild stock S and 5,10 and 20 eggs for wild
stock M. When olives were used, oviposition was made directly by females
into olives. Stock Ρ was used as a control when olive fruits or artificial
diets were used. Records on number of pupae and pupal weight were kept.
Efficiency figures were calculated on the basis of total food available for
each pupated larva and of the total nitrogen content of the olive fruit,
artificial diet and produced pupae. Efficiency is not referred to the amount
of food or nitrogen ingested for the larva, but to the total amount available
to each pupated larva. Nitrogen content was taken from figures given else
where (4) or analyses made by standard chemical methods.
3.

RESULTS AND DISCUSSION
Figure 1 presents the adaptation of the wild stock S in the artificial
diet over nine generations as far as number of pupae per g diet and pupal
weight (mg) is concerned. Inspection of this figure clearly shows that pupal
weight dropped considerably during the first generation and increased gra
dually during the next two generations. Pupal weight however never reached
the weight of the parent population. The number of larvae which pupated
increased gradually up to the sixth generation and remained constant there
after under a density of five eggs per gram diet. Frequency of certain al
leles determined in wild flies, going through the same adaptation in the la
boratory, was found to vary from 0.1 to 0.7 in the parent population, while
the frequency of the same alleles in the population of the fourth generation
converged to about 0.4 (5). The data of this figure together with the alle
le frequency changes shows the severe selection which was exercized by the
laboratory conditions on the individuals of the natural population.
Table I presents data on hatchability, pupal production and adult emer
gence of stock S. It can be seen that hatchability is low during the first
three generations. The net result of low hatchability is that fewer indi
viduals participated in the formation of the laboratory population. Thus
the survival of larvae to pupation was very low during the first three ge
nerations. This was 4.0, 6.4 and 12.2% of the eggs set for the first, second
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Generation
S
1
2
3
4
5
6
7
8
9

1

2

3 4 5 6 7
GENERATION

The adaptation process of the olive fruit fly larvae under
laboratory conditions
Performance of Dacus oleae larvae during nine generations of
rearing under laboratory conditions (mean ±SEM)
Hatch.
%
51
55
60
78
67
82
74
81
80

Pupae %
on eggs

Weight
mg/pupa

±
±
±
±
±
±
±
±
±

8
7
10
7
12
11
6
13
16

4.0
6.4
12.2
22.0
46.0
50.0
54.0
52.0
56.0

±
±
±
±
±
±
±
±
±

0.3
0.7
1.1
1.6
5.9
6.3
7.2
5.1
7.3

6.6
3.4
4.8
5.6
5.8
5.3
5.5
5.0
5.2
5.0

±
±
±
±
±
±
±
±
±
±

0.8
0.4
0.6
0.4
0.5
0.5
0.7
0.6
0.4
0.4

Adults, % on
pupae
eggs
51±14
55±22
. 56±17
70±15
73±19
71±12
75±15
74±20
69±16
72±13

2.2
4.2
8.5
16.1
32.7
37.5
40.0
35.9
40.3

and third generation respectively. The adults obtained were small in size,
had high mortality and did not live as long as the wild ones.
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Table II shows the pupal production, the weiaht of pupae and the effi
ciency with which the dietary medium and its nitrogen is utilized by the
olive fruit fly larvae. It can be seen that stock Ρ utilized the olive
TABLE II.

Pupal yield and efficiency of dietary utilization by the Dacus
oleae larvae grown in olive fruit and in the artificial medium.
Efficiency1
Yield, mg/g
Nitrogen
mg/100 mg

Larval media
and
stock of flies
Olive fruits

pupal yield
pupae/g
weigth
medium
mg/pupa

PLab (marathon)
SWild (Chania)
MWild (Marathon)

2.6±0.3
2.8+0.4
0.3±0.1

5.4±0.6
6.9+0.4
7.4±0.7

14.0
19.3

13.0

2.2

1.5

5.6±0.6
9.4±0.8
14.6+1.9
3.1+0.6
0.2+0.1
0.2+0.1
0.3+0.1
0.8+0.3

6.0+0.4
5.110.4
2.810.5
5.6+0.7
4.4+0.7
3.3+0.4
3.1+0.5
3.4+0.4

33.6
47.9
40.9
17.4

9.4

Artificial diet
P10 eggs/q diet
P20
"
P60
"
PMass rearing
S  5 eggs/q diet
M  5
M  10
M  20

7.8
11.1

9.5
4.0
0.9
0.2
0.7
0.2
0.9
0.2
3.0
0.7
efficiency is expressed as yield in mg/g medium (number of pupae per g me
dium mg/pupa) and as nitrogen in mg of pupal nitrogen/100 mg of medium
nitrogen (nitrogen content of pupae 2.15%, nitrogen content of olive fruit
mesocarp 0.32% and nitrogen content of artificial diet 0.93%.
fruit mesocarp quite efficiently. This shows that stock P, despite its
maintenance for over fifteen years under artificial rearing did not loose
its capacity to grow in its natural larval medium. The wild stock S and M
gave equivalent results as far as pupal weight is concerned but different
number of pupae and therefore different efficiency figures. When larvae
from the same stocks were grown in the artificial diet, pupal yield and ef
ficiency for stock Ρ depended, entirely, upon egg density, with pupal weight
decreasing while egg density is increasing. Stock S and M gave equivalent
results at the density of 5 eggs/g diet. Finally stock M at density 5 and
10 eggs gave equivalent yield and efficiency, mainly due to great variation.
At density of 20 eggs/g diet, however, more individuals were obtained and
efficiency increased. High density may speed up the formation of a labora
tory population but it will not reduce the selection pressure of the labora
tory conditions. The problem of stress remains and the changes in the phy
siology and behavior due to the adaptation syndrome should be investigated.
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Male olive fruit fly pheromone: Isolation identification and lab. bioassays
B.E.MAZOMENOS
Demokritos Nuclear Research Centre, Athens, Greece
J.G.POMONIS
US Department of Agriculture, Fargo, ND

Summary
Two pheromone components were isolated from ether extracts of wild
male olive fruit fly, Dacus oleae Gmel., rectal glands, both were attractive to males in lab. cage bioassays. The components of the pheromone were identified as 1,7-dioxaspiro (5,5) undecane and 5-oxo-l,9-nonadioic acid diethyl ester by GC-MS analysis. The 1,7-dioxaspiro
(5,5) undecane has been identified as the major pheromone component of
the female olive fly sex pheromone. Males reared as larvae on an artificial diet fail to synthesized, 1,7-dioxaspiro (5,5) undecane after
one generation, while males reared as larvae in the laboratory on olive fruits synthesized this component. The quantity of 1,7-dioxaspiro(5,5) undecane produced by males trapped in McPhail traps was higher
during June-July, in that period male response to pheromone traps was
low.

Resume
Des extraits éthériques des glandes rectales des mâles de la mouche des
olives, Daaus oleae
(Gmel), furent isolées deux substances chimiques
dont 1'attractivité fut prouvée au moyen des cages à essai au laboratoire. D'après l'analyse à Chromatographie à phase gazeuse et au spectrophotome tre de masse, ces deux substances furent identifiées comme
1,7-dioxaspiro (5,5) undecane et l'ester éthylique de l'acide 5-oxo1,9-acide nonadioique. Le 1,7-dioxaspiro (5,5) undecane a été identifié comme le constituant principal de la phéromone sexuelle produite
par les femelles de la mouche des olives. Les mâles issus d'un élevage larvaire artificiel, même s'il ne s'agit que de la première génération dans ce milieu nutritif, n'arrivent pas à synthétiser le 1,7-dioxaspiro (5,5) undecane; en revanche, cette substance est synthétisée
chez les mâles issus d'un élevage dans des olives. La quantité de 1,7dioxaspiro (5,5) undecane produit par les mâles capturés dans les
gobe-mouches du type McPhail était plus élevée en juin-juillet; pendant cette période, la réaction des mâles au piégeage est très faible.

1.

INTRODUCTION

The application of the sterile technique (SIT) for two concecutive
years in a small isolated island has been unsuccessful in eradicating the
olive fruit fly, Dacus oleae Gmel. (4). One of the factors which may play
substancial role is lack of chemical communication between the lab-reared
released and the wild insects. Significant quantitative difference in the
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major sex pheromone component l,7dioxaspiro(5,5) undecane (1,8) produced
by labreared and wild females have not been found (Mazomenos unpublished
data).
Male olive fruit fly has been reported to produce and release chara
cteristic odors, during the sexual active period, which may have some ef
fect on the behavior of this species (3). In labbioassays alive sexually
mature males or rectal gland ether extracts were attractive to virgin fema
les (2).
The purpose of this work was to isolate volatile chemicals produced
by labreared and wild males which affect the behavior of this species and
detect possible differences between the two types of males.

2.

METHODS AND MATERIALS

Laboratory reared insects were taken from a colony maintained at
"Democritos" N.R.C. Athens, Greece on artificial diets for about 30 genera
tions (11). Wild flies were obtained either by trapping them in McPhail
traps or from infested olive fruits. Labreared and wild flies obtained
from the olives 12 days after emergence were anesthisized by chilling at
24°C for 12 hrs and separated according to sex. The insects were main
tained in screen cages 270 cm^ in 12:12 hrs lightdark regime. Temperature
was 25+2°C and relative humidity 65+5%. The standard adult diet (10) was
offered to the flies. Mixed population of wild flies were also kept into
cages and the females were allowed to oviposite on artificial oviposition
substrates or on unifested olive fruits. The first generation from the
artificial diet and the olive fruits (under laboratory conditions) insects
were sex separated and maintained at the same conditions as described above.
Pheromone was collected by extracting excised rectal glands from sexu
ally mature males (2). Rectal glands were removed by applying pressure to
the abdomen and pulling the aedagus with forceps. The glands were extract
ed with diethyl ether for 24 hrs, filtered through a No 1 PS Whatman fil
ter paper and concentrated. Concentrated crude material was fractionated
with GLC. A Varian GC model 1400 with flame ionization detector was used.
A 95:5 splitter and a temperature gradient glass capillary collector was
installed into the Chromatograph. The collector was cooled with liquid
nitrogen. The following stainlesssteel columns and conditions were used.
5% 0V101 2mX1.8mm (ID) at 90°C for 6 min and then programmed up to 240°C
at 6°/min and 5% DEGS 2mX1.8mm (ID). N2 was used as carrier gas with a
flow of 20 cc/min.
Bioassays were conducted in a 95X70X40 cm screen cage with a method
described by Mazomenos and Haniotakis (7).

3.

RESULTS

Concentrated crude material obtained by extracting the rectal gland of
labreared males of various age and at different time of the day did not
affected the behavior of both sexes when it was tested in labbioassays.
Crude obtained by extracting the rectal gland of the wild males trapped in
McPhail traps or collected as pupae from infested olive fruits and maintain
ed in the laboratory attracted during the sexual active hours high number
of males either labreared or wild. The same extract did not affected the
behavior of virgin females. Also was not attractive to males in tests con
ducted within different time intervals before the sexual active hours.
Crude gland ether extract was analyzed on GLC. 40 μΐ of the concen-
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- Retention tim·

* Retention
« 5 min

tim

Fig. I.
Gas-chromatogram of male Dacus oleae gland extracts. Chromatographed on 5% OV-101 2mX1.8 (ID) column. A, Wild males. B. Lab-reared
males.

trated extracts equivalent to 100 and U0 glands for the lab-reared and the
wild males, respectively, were injected on the OV-101 column. The chromatograms obtained are shown in Fig. 1. Extract from the rectal gland of
wild males indicated the presence of peaks with low molecular weight.
These peaks were not present in the chromatogram of the lab-reared males.
The extracts from both lab-reared and wild males chromatographed on the
OV-101 column were fractionated and the fractions were collected in capillary tubes. Eight fractions were collected from each run and were tested
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Table 1. Male olive fruit fly response to wild males rectal gland extract
active fractions and synthetic 1,7-dioxaspiro (5,5) undecane. Bioassays
were conducted in the laboratory during the sexual active hours«

%

males

reisponding

Replications
Treatments
Male extract
Fraction 2
Fraction 4
Synth. Pheromone
Blank

Concen»

1

2

3

4

5

Means

15

ME

27

29

30

32

26

II

II

It

II

28.8 a
18.6 b
11.2 C
28.8 a
1.4d

500 ng

20
13
25
5

20
12
26
0

16
13
28
0

19
9
30
2

18
9
35
0

*
Means followed by the same letter are not significantly different,
Duncan's new multiple range test (P= 0.05).
for biological activity. Fractions 2 and 4 containing peaks A and B, respectively, from the wild male extract were attractive to males, while the
other fractions were not attractive.
The biological activity of the two fractions was compared to the activity of the crude male gland extract and that of the synthetic female sex
pheromone 1,7-dioxaspiro (5,5) undecane. Samples equivalent to 15 male
glands (ME) were used for each test. The concentration of the synthetic
female sex pheromone was 500 ng. It was estimated that each male gland
contain approximately 35 ng of peak A.
All the samples tested attracted sexually mature males Table 1. Crude
male gland extract and synthetic sex pheromone attracted higher number of
males and their attractiveness
lasted all the experimental period
(10 min), while the attractiveness of fractions 2 and 4 was reduced significantly 3 to 4 min after the introduction into the male cage.
Fraction 2 containing peak A was further chromatographed on the DEGS
column. The oven temperature was operated isothermally at 90°C. One peak
was eluted from the column, with a retention time of 9 minutes after injection.
Mass spectrum analysis of that peak gave a spectrum, which was identical with the spectrum obtained from the female produced major sex pheromone component Fig. II. The component was identified as 1,7-dioxaspiro
(5,5) undecane.
Fraction 4 was rechromatographed on the 0V-101 under the same operating conditions, two peaks were eluted one minor with the same retention
time as peak A and a major peak, which was eluted 18-20 min after injection.
The two peak were further chromatographed on the DEGS column. The
minor peak was chromatographed under the same conditions, as peak A and it
had the same retention time as A. The major peak was chromatographed isothermally at 160°C and was eluted 16 min after injection. The major
peak in pure form showed a weak attraction to males. The relative high
attraction of fraction 4 was rather due to the small quantities of the
minor peak, which was contamination from fraction A.
Mass-spectrum analysis of the major component gave a spectrum showed
in Fig. III. The component was characterized as 5-oxo-l,9-nonadioic acid
diethyl ester, from the following characteristic peaks. M/Z M + 258; M
-45 (M-C 2 H 5 0) 213; M -74 (M-CUHgO ) 184; M + -91 (M-C„H50 + C„H 5 0H) 167;

M -100 (M-C 8 H 14 0 3 ) 158; M+-115 (M-C6HIl;02) 143; M+-143 (M-C 7 n I I 0 3 ), and a
series of (0= C-CH-CH 2 ), (+0=C-CH=CH 2 -CnH 2 n) + e.t.c. 55; 69; 83; 97; 111;
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Fig. II. 70 eV mass spectrum of 1,7dioxaspiro (5,5) undecane isolated
from: A Wild male gland extract; Β Female gland extract.

125; 139.
The quantity of 1,7dioxaspiro(5,5) undecane produced by natural oc
curing males during different time of the year was determined, using rect
al glands from males trapped in McPhail traps. In April and May 1,7dio
xaspiro (5,5) undecane was produced in very low quantities, while in June
and July the quantity was increased significantly Fig. IV. During that
period wild male response to traps baited with synthetic sex pheromone was
low (6).
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Fig·. III. 70 eV mass spectrum of 5oxol,9nonadioic acid diethyl ester
isolated from wild male gland extract.

The 1,7dioxaspiro (5,5) undecane produced from August to early
December was fluctuated in relative low levels, while male response to phe
romone traps was high.

4.

DISCUSSION

Wild male olive flies produce in their rectal gland the same pheromo
ne component as the female flies. The major female sex pheromone has been
characterized by BAKER et al. (1 ) as a female specific component, the iso
lation of the same component from the wild male rectal glands suggested
that it is not produced only by the females. Synthesis by both sexes of
the same component modifying their behavior has been reported for many spe
cies of bark beetles (12). The 1,7dioxaspiro (5,5) undecane isolated from
females and males olive fruit flies may act to control many different func
tions of the insect behavior in nature. More detail studies are needed to
clarify the role of that component on the olive fly behavior. The high
synthesis of 1,7dioxaspiro (5,5) undecane by the wild males during June
and July coincides with the low number of the insect present in the olive
orchards, the very low number of mature eggs in the female ovaries (9) and
the limited resources of food available. It is possible that the 1,7dio
xaspiro (5,5) undecane produced by males acts as aggregation signal during
that period for the insect to search more suitable places where food re
sources are available.
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Fig. IV. Quantity of 1,7-dioxaspiro (5,5) undecane present in the wild
male rectal glands in different periods of the year.

After the first generation on artificial rearing the males failed to
synthesize 1,7-dioxaspiro (5,5) undecane, or synthesize it in very small
quantities not detectable in the detection system used. The first two generations on artificial rearing, insect development drops significantly, suggested that the wild flies transferred into the laboratory are not well
adapted, and strong selection occured for these individuals that could develope under laboratory conditions.
Artificially reared flies undergo genetical changes the first generation of rearing, strong selection at the alcohol dehydrogenase locus has
been detected (13). Changes in the behavior level between lab reared and
wild flies has been also reported, the most of the matings for the lab reared flies occured 2-3 hrs before scotophase, while for the wild 1 and 1 l/ 2
hrs before. In small cages the lab-reared males were mated with wild females. Whereas in large cage the two fly-type females tended to mate with
their own males (5).
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Fruit flies and their natural enemies in India
V.C.KAPOOR & M.L.AGARWAL
Department of Zoology, Punjab Agricultural University, Ludhiana, India

Summary
Natural enemies are always there to keep the multitude of fruit
fly populations in check. During a recent survey of these flies in
North India, a good number of them were found attacked by some
hymenopterous parasites in their larval or pupal stages. So far 32
such parasites have been reported attacking various fruit fly
species in India.. This includes two useful species of fruit
flies,i.e., Ensina sonchi (Linn.) and Procecidochares utilis
(Stone) which destroy weeds.

The method of control of insect pests by means of their parasites
has made much progress in recent years. Fruit flies are also attacked by a
number of hymenopterous parasites. These are quite useful as they provide
the best and cheapest method to control the pest species.
The fruit flies, which are difficult to be controlled by the available insecticides, can be effectively checked by manipulating their parasites. -Many species of these flies are attacked by two or three species of
hymenopterous parasites. In some cases, a single parasite species attacks
more than one fly species. During the survey of fruit fly fauna of Northern
India and while rearing flies from infested materials, a good number of
larvae and pupae of these flies were found attacked by some species of
hymenopterous parasites. The maggots of Chetostoma completimi Kapoor et al.
(a pest of Centaurea cyanus), pupae of Acanthiophilus helianthi Rossi (pest
of safflower, cornflower, etc.), and pupae of Dacus ŢBactrocera) zonatus
(Saunders) were attacked by Dimeromicrus kiesenwetteri (Mayr),"B racon sp
and Opius sp, respectively. Earlier also a number of hymenopterous para
sites have been reared from the maggots or pupae of various fruit flies
in India.These are: Spalangia philippinensis on Dacus (Dldacus) ciliatus,
D.(Zeugodacus) Cucurbitae and D. (B.) dorsalie; S. afra, Stomyolysine and
grotiusi on dorsalis and Cucurbitae; Pachycrepoideus dubius on ciliatus
and dorsaliS; Trichopria sp on dorsalis; Trybliographa daci, Pseudeucoila
sp and Cothonaspis ep on dorsalis.
These hymenopterous parasites become harmful when they attack the
useful fruit fly species which destroy various noxious weeds. The pupae of
Ensina sonchi (Linn.), a pest of two weeds Cirsium arvense and Sonchus
arvensis were found to be parasitized by Pteromalus sp. Similarly, the gall
fly Procecidochares utilis (Stone), a very promising agent for the control
of crofton weed, Eupatoriurn adenophorum Sprengel, found to be attacked by
Dimero micrus vi bida in Nepal and no doubt in India.
Thus, these paraeites can be effectively utilised in the bilogical
control of their host species as well as others. There are many examples
where these parasites have been very effective in suppressing the host
fruit flies. Seeing their importance several important steps have been
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initiated to find out and introduce such parasites in many parts of the
world. Many foreign entomologists had visited India in the past to find out
such parasites for their possible introduction in their own countries where
the fruit fly's menace is alarming. At the same time it is also advisable
that the species of fruit flies which are already attacked by indigenous
parasites should not be controlled by introducing and establishing exotic
parasite species, as it will result in competition and even wipe out the
already existing parasites. EffortS should also be made to protect the use
ful fruit flies, from their attack.
It should be believed beyond doubt that if serious survey of the
parasites of the fruit flies is undertaken all over the world, new and more
effective parasites may be discovered and the fruit fly's menace can be
easily suppressed which otherwise is difficult to be controlled.
A list of all the so far known hymenopterous parasites alongwith
their fruit fly hosts is given below:
Parasites

1.
2.
3.
4.
5.
6.
7·
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.

ia.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.

Opius fletcheri silvestri
0. compensane Sil.
0. persulcatus Sil.
0. oophilus Fullaway
0. incisus Sil.

Hosts
Braconidae

do
do
do
do
do
do
do
do

0. manii
0. longicaudatus (Ashmead)
0. sp
0. sp
0. (Biosteres) carpomyiae Sil.
Bracon fletcheri Sil.
Β. sp

do

do
do

D. (Z.) Cucurbitae
D. (Β.) dorsalis,*
do; latifrons

do
Β. ( Di dacus) ciliatus;
cucurbi tae
dorsalis
Dacus sp
D.(B.) zonatus
D.(Β.) dorsalis
Carpomyia vesuviana

do

Acanthi o philus
helianthi
Spalangia philippinensis Full. Spalangiidaeι dorsalis, Cucurbitae
and ciliatus
*ciliatus, Cucurbitae
Eulophidae
Syntomosphyrum indicum Sil .
dorsalis
S. afra Sil.
do
do
do
S. Btomyoxysine Girault
do
S. grotiusi G.
do
do
Chalcididae
DirhinuB gi f fardi Sil.
D.(B.)correctus,
Cucurbitae, ciliatus
lati frons, dorsalis,
do
D. cluzonensis Rohwer
Cucurbitae, ciliatus
do
D. sp
correctus, ciliatus
PachycrepoideuB dubius A. Pteromalidae
dorsalis, ciliatus,
Cucurbitae
Pteromalus Sp
do
Ensina sonchi
Galesus sp
Diapriidae
dorsalis, ciliatus
Trichopria sp
do
dorsalis
Trybliographa daci Weld.
dorsalis
Cynipidae
Pseudeucoila sp
do
do
do
do
Cothonaspis sp
Tropideucoila sp
A. helianthi
do
Ormyrus sp
Torymidae
do
Chetostoma completum
DimeromicruB kiesenwetteri Mayr
do
D. vibida Walker
do
Procecidochares utilis
Eurytomidae
A. helianthi
Eurytoma sp
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The viruses of Ceratitis capitata Wied. in vivo and in vitro*
N.PLUS
Institut National de la Recherche Agronomique, SaintChristollesAlès, France
R.CAVALLORO
Commission of the European Communities, Joint Research Centre, Ispra, Italy

Summary
Two natural viruses have been found in the J.R.C. Ispra laboratory
strain of Ceratitis capitata Wied. and characterized: a Picornavi
rus, called V, and a Reovirus, called I.
The Picornavirus is 24 nm in diameter, has a buoyant density of
1.35, and three capsid polypeptides with M.Ws. of 27,000, 34,000
and 39,000. This virus is different from the 3 Drosophila Picorna
viruses previously described.
The Reovirus is 60 nm in diameter with a buoyant density of 1.38;
it contains 10 segments of RNA with M.Ws. ranging between 1,235 and
0.52x10 . It has three major polypeptides with M.Ws. of 132, 110
and 70,000. The I virions are very resistant to low pH and
chymotrypsin. I virus has the same biophysical and biochemical
characteristics as the F Reoviruses of Drosophila, but belongs to
another serotype. I and F viruses are proposed as a new genus of
the Reoviridae family.
In two of the three permanent Ceratitis cell lines, DXV (Drosophila
X virus) has been detected. DXV is found as a contaminant of fetal
calf sera used for cell culture.
Ceratitis is a permissive host for two Drosophila viruses : the Rhab
dovirus Sigma and the Picornavirus C (DCV). In both cases, the in
fectious yields of the injected Ceratitis is as high as for
Drosophila. DCV is very pathogenic for Ceratitis as it is for
Drosophila.

Résumé
LES VIRUS DE CERAŢIŢIŞ CAPITATA WIED. IN VIVO ET IN VITRO
Deux virus naturels

de Ceratitis

capitata Wied. ont été trouvés

dans le stock de laboratoire d'Ispra et caractérisés:
 le Picornavirus V: diamètre de 24 nm, densité de flottaison de
1,35 et 3 polypeptides de masses moléculaires 27.000, 43.000 et
39.000. Le virus V est différent des 3 Picornavirus connus de la
Drosophile.

* Contribution

no. BIO1957 of the Biology, Radiation protection and
Medical Research programme of the G.D. XII of the C.E.C.
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 Le Reovirus I: diamètre de 60 nm, densité de flottaison de 1,38,
6
dix segments d'ARN de masses moléculaires de 1,235 à 0,52x10 et 3
polypeptides majeurs de masses moléculaires 132.000, 110.000 et
70.000. Les virions I résistent à pH 3 et à la chymotrypsine.
Le virus I a les mêmes caractéristiques biophysiques et biochimi
ques que les Reovirus F de la Drosophile, mais appartient à un
autre serotype. Les virus I et F sont proposés comme un nouveau
genre de la famille des Reoviridae.
Dans deux lignées cellulaires continues de Ceratitis, sur 3 étu
diées, on a mis en évidence du DXV (Drosophila X virus), virus pro
venant du sérum de veau.
Enfin, la Cératite permet la multiplication de deux virus de la
Drosophile: le Rhabdovirus Sigma et le Picornavirus C (DCV). Dans
les deux cas, les rendements viraux obtenus sont aussi élevés que
chez la Drosophile. Le DCV est très pathogène pour Ceratitis comme
pour la Drosophila.

This review deals with the natural viruses found in Ceratitis capi
tata Wied. populations, the endogenous viruses present in C. capitata
permanent cell lines and the viruses of Drosophila melanogaster Meig.
able to replicate in C. capitata.

1. THE NATURAL VIRUSES OF CERATITIS CAPITATA POPULATIONS
To our knowledge, only two laboratory populations have been screen
ed for the presence of viruses:
a) an Italian strain from Ispra;
b) a French strain from Lyon.
Two different viruses were found in the Ispra flies: a Picornavirus
(called V) and a Reovirus (called I) (1). In the Lyon stock, the virus
found is, apparently, Picornavirus V as that of Ispra (Meynadier, perso
nal communication).

1.1 Çeratitiş Picornavirus V
This virus was separated from the Reovirus I by differential centri
fugation. Purified V virions (Fig. 1) are naked spherical particles, 24
nm in diameter. They have a buoyant density of 1.35 in CsCl. Their
nucleic acid is RNA. They have 3 capsid polypeptides with molecular
weights of 27,000, 34,000 and 39,000. This virus does not multiply in D.
melanogaster flies. It is not precipitated by any of the 3 sera against
the Drosophila Picornaviruses P, C or A. In addition, these Drosophila
Picornaviruses have biophysical characteristics different from those of
the Ceratitis V virus.
The pathogenicity of virus V for C. capitata is not well understood
as this virus has been injected in a mixture containing the Reovirus.
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Injected C. capitata fliee died in 14 days at the first passage, in 10
days at the second and in 6 days at the 3rd and 4th. As Reoviruses are
usually only mildly pathogenic for their hosts, it is very likely that
the early death of the injected C. capitata flies is due to the
Picornavirus.
1.2 Ceratitis Reovirus I
I virions are naked spherical particles, about 60 nm in diameter,
and have a double layer of capsid proteins (Fig. 2). Their buoyant density is 1.38 and their nucleic acid RNA (1). Ceratitis I virus, like Ceratitis V virus, does not grow in D. melanogaster, but the morphology,
size, and the buoyant density of the I virions, are the same as those of
the F Reoviruses of Drosophila populations and cell lines (2, 3, 4).
These F viruses have the typical properties of viruses of the Reoviridae
family: they form crystalline arrays in the cytoplasm of Drosophila
cells in vivo and in vitro; they contain a RNA-dependent RNA polymerase,
and they contain 10 segments of ds RNA. All F isolates are only slightly
pathogenic for Drosophila.
The degree of relationship between Drosophila F viruses and Ceratitis I virus was investigated in parallel experiments (5). Immuno-precipitation shows that the Drosophila F viruses form a serological group to
which Ceratitis I virus does not belong. Electrophoresis of the extracted RNA of I virus and of isolates of F virus shows a characteristic pattern. There are 10 RNA segments for F, but one, S , is missing with I
virus (Fig. 3). Further investigation of the I genome was undertaken
using whole virions of virus I which were digested by proteinase K; human Reovirus III was used as a standard (6). The sample of purified I
virus utilized was the same as in the previous experiments. Five independent assays using different conditions for electrophoresis, each revealed 10 RNA segments, with L and L co-migrating, and S as clearly visible as S (Fig. 4). The estimated values for the molecular weights of
I RNA segments are:
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Parallel electrophoresis of the capsid polypeptides of few F isolatS
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Fig. 1.- Purified C eratitis V Picornavirus (χ 150,000).'
Fig. 2.- Purified C eratitis I Reovirus (χ 67,500) ; few hollow particles
clearly show the double layer of capsid proteins.
Fig. 3.- Comparative pattern of the extracted RNA segments of C eratitis
I Reovirus and of Drosophila F and F Reoviruses.
^
G
A
Fig. 4.- Comparative electrophoresis of proteinase Κ digests of purified
Ceratitis I virus and human III Reovirus.
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es showed 8 bands with the same general pattern of molecular weight
distribution. The major polypeptides had molecular weights of 132,000,
110,000 and 70,000. I virus exhibited two minor bands in addition to the
8 ones characteristic of the F viruses.
F and I virions were compared for their resistance to various biochemical treatments. Both types of virions did not appear to be damaged
by treatment with chymotrypsin, pH 3 buffer or Freon. They withstood
pelleting and high CsCl concentrations.
Do the general properties of Ceratitis I virus allow it to be classified in an existing genus of the Reoviridae family? I virions resemble
only those of the Reovirus genus of the Reoviridae family, but are smaller (60 nm instead of 76). Their RNA segment sizes are different from
those of the viruses of this genus. Their resistance to low pH and to
chymotrypsin contrast with the sensitivity to these agents of the other
viruses of the Reovirus genus. In conclusion, Ceratitis I virus is proposed as a new genus of the Reoviridae family and the F viruses are proposed as another serotype of this new genus (5).
2. THE ENDOGENOUS VIRUSES OF CERATITIS CAPITATA CELL LINES
Three C. capitata permanent cell lines (7) have been screened for
the presence of viruses able to grow in virus free D. melanogaster flies
(1). Two of these lines were found infected by Drosophila X virus (DXV).
This virus is the most common virus of Drosophila permanent cell lines
(9), and has never been found in any of the two hundred laboratory or
wild Drosophila populations screened for the presence of natural viruses
(2, 8 ) . DXV appears, in fact, as a contaminant of the fetal calf sera
used for the maintenance of the in vitro cultures (9, 10). DXV obtained
from C. capitata cultures induced a symptomatic CO sensitivity in the
injected Drosophilae as did the classical DXV (11), and DXV from C.
capitata cell lines is able to replicate in C. capitata flies. So, from
a practical point of view, the commercial fetal calf sera to be used for
the maintenance of C. capitata cell lines should be tested in advance on
virus free Drosophilae to determine if DXV is present.
3. CERATITIS CAPITATA AS A HOST FOR DROSOPHILA VIRUSES
Two Drosophila viruses were tested for their ability to multiply in
Ç. capitata: the Rhabdovirus Sigma, a hereditary non-pathogenic virus,
and Picornavirus C (DCV), a non-hereditary virus which kills injected
Drosophila in 3 or 4 days (2). In these experiments the viral yields of
injected Ceratitis flies were bio-assayed on standard Drosophila flies.
The C. capitata used as experimental hosts came from a Paris laboratory
stock.
Sigma virus, injected into C. capitata, exhibited a typical viral
growth curve when the log of the number of I.U. was plotted against the
time after injection. The final yield, at 11 days, was about 10 ' per
C. capitata fly, the highest obtained with this virus among non Drosophilidae Diptera (12).
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DCV killed the injected Ceratitis flies in 3-4 days at any of the 4
passages jperformed. The infectious yield from the dead Ceratitis was
high: 10
L.D. 50 per fly, like that of the infected Drosophila.
Examination of ultrathin sections of DCV-injected Ceratitis flies, after
4 passages, revealed that the infected organs were the muscles and the
trachea cells, as in Drosophila, but also the intestine and the Malpighian tubules which are not infected in Drosophila. Thus, C. capitata is
very sensitive to Drosophila C virus, and gives high virus yields and a
broader cellular tropism than the natural host (13).
The initial data, reported here, on the virology of C. capitata,
recall the conclusions drawn from the extensive virologicai studies of
another Diptera species, D. melanogaster:
- a high frequency of naturally infected stocks and in vitro cultures;
- the prevalence of non-pathogenic viruses ;
- a low pathogenicity of the endemic viruses compared to the experimentally injected ones;
- susceptibility of the insect to viruses of other species.
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Laboratory studies on oviposition and on the structure of the ovipositor
in the Mediterranean fruit fly Ceratitis capitata (Wied.)
L.MARCHINI & R.J.WOOD
Department of Zoology, University of Manchester, UK

Oviposition in the Mediterranean fruit fly C. capitata was investigated
in the laboratory using "artificial fruits" constructed of wax and
cheesecloth.
The fruits were varied in colour using dyes and in internal constitution
(on a basis of agar or gelatine). Attractiveness for oviposition was
assessed by the number of eggs deposited.
Colours were compared in two halves (upper and lower) of the same fruit.
Colours with a substantial reflectance in the 530-560 nm region of the
spectrum (yellow, green, orange) were particularly favoured, the most
attractive of these being yellow. Black was much less favoured and red
the least attractive colour of all.
The internal constitution of the artificial fruit was varied in pH, from
pH 3 to 9 using buffers. pH 3 was the most favoured for oviposition and
pH 6 the least.
Various chemicals, both organic and inorganic, were compared with dis- ·
tilled water (in the two quarters of the same half fruit) to test for
repellency. Quinine dehydrochloride (0.01 M ) , copper sulphate (0.5 M ) ,
sodium chloride (1 M ) , potassium chloride (1 M) and magnesium chloride
(1 M) were clearly repellent.
The ovipositor was examined under the scanning electron microscope. It
was found to be 0.9 mm long and 0.15 mm wide at its maximum. The surface
of the ovipositor carried many sense organs which were of three types.
Near the tip there were 32 (16 χ 2) of type A. Near the tip on the
ventral side only, there were 10 (5 χ 2) of type B. Covering much of the
rest of the ovipositor, except very near the base, there were sense
organs of a third kind, type C, 60 (30 χ 2) in all.
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Structural heterogeneity of the egg-shell between Ceratitis capitata
and Dacus oleae: Evidence for the participation of peroxidase in the
crosslinking of chorion proteins
LUKAS H.MARGARITIS
Department of Biology, University of Athens, Greece

Summary
This work is focused on the comparative analysis of the egg-shell in
Diptera and especially in species of economic importance such as Kerat i t i s capitata and Dacus oleae. We found that in spite of the superf i c i a l s i m i l a r i t y in the overall egg-shell morphology (shape and size
of the egg), these species e x h i b i t d i s t i n c t s t r u c t u r a l differences in
t h e i r egg-shell', thus the K.capitata shell contains very t h i c k v i t e l l i n e membrane and perforated endochorion i n contrast to the Dacus shell
which consists of very thin v i t e l l i n e membrane and compact endochorion
appearing s o l i d at the anterior end of the egg. However both insects
share many common characteristics such as a) The existence of peroxidase which crosslinks the endochorion p r o t e i n s , as i n the case of Drosophila melanogaster. b) The existence of a c r y s t a l l i n e chorionic layer
as in the case of D.melanogaster. The main differences between the
shell layers of the two species seem to rely upon differences in the
egg-laying substrate ( r e l a t i v e l y high humidity vs. d r y ) , whereas the
s i m i l a r i t i e s are deriving from s i m i l a r i t i e s in the egg laying process
( i . e e l a s t i c i t y during stretching upon o v i p o s i t i o n ) ; I t is considered
that the existence of peroxidase is related to the crosslinks of the
chorion proteins producing r e s i l i n - t y p e configuration which have rubberl i k e properties. These properties may be responsible f o r the demands
in e l a s t i c i t y of the f r u i t f l y eggs, which e x h i b i t a narrow o v i p o s i t o r .

Résumé
Dans le present travail, nous avons étudié l'ultrastructure des enveloppes des oeufs de deux diptères : Ceratitis
capitata
et Dacus oleae
(Trypetidae).
Chez les deux espèces, le pôle antérieur de l'oeuf, observé au microscope électronique à balayage, présente le micropyle,
mais chez D. oleae le pôle est gonflé.
L'enveloppe vitelline est très fine ches D. oleae et l'endochorion est
compact, mais chez C. capitata
il est perforé. Au contraire, les deux
espèces présentent certaines ressemblances: a) l'endochorion présente
une activité peroxidase; b) il existe une couche interne d'ultrastructure cristalline. Ces ressemblances et différences sont des variations
spécifiques du chorion, liées aux conditions écologiques du site de
ponte; par exemple,, il est possible que la peroxidase forme des assemblages responsables de l'élasticité du chorion.
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1. INTRODUCTION
The overal egg morphology has been reported to be involved in the
complex evolutionary adaptation, at least i n the case of Drosophilidae ( 7 ,
8,15), especially due to the p a r t i c i p a t i o n of i t s egg-shell i n several
important parameters of oogenesis such as, r e s p i r a t i o n , mechanical/thermal
protection of the embryo and hatching. Among Diptera, the most thoroughly
studied species, Drosophila melanogaster has been shown to e x h i b i t radial
and regional complexity in the egg-shell (10,12) and w i l l be used as the
standard species f o r t h i s comparative study. Thus, the various egg-shell
layers include, the v i t e l l i n e membrane, the wax l a y e r , the c r y s t a l l i n e
innermost chorionic l a y e r , the endochorion complex and the exochorion, whereas the regions include the specialized structures of the micropyle.the
operculum, the c o l l a r , the respiratory appendages and the posterior pole.
Several important functions are considered to be performed by the above
layers and regions during oogenesis(9). Crosslinking of the p r o t e i n s , i n
Drosophila takes place upon the action of peroxidase which is part of the
structure,and creates covalent d i - t y r o s i n e and t r i - t y r o s i n e crosslinks(13).
The purpose of t h i s investigation is t w o - f o l d ; f i r s t i t aims in understanding the features of the egg-shells in two species of economic importance, the f r u i t - f l y K.capitata o v i p o s i t i n g on a large v a r i e t y of f r u i t s
and the o l i v e f r u i t f l y D.oleae. Second, from the evolutionary and s t r u cture-funtion points of view to reveal the s i m i l a r i t i e s and differences
between Drosophilidae and Trypetidae.

2. MATERIALS AND METHODS
F l i e s , K e r a t i t i s capitata and Dacus oleae grown i n standard laboratory
conditions were s l i g h t l y etherized and a f t e r d i s s e c t i o n , the ovaries were
removed in Ringer's and separated i n t o ovari oles. F o l l i c l e s were selected
and e i t h e r f i x e d f o r s t r u c t u r a l analysis as described elsewhere(12) or processed histochemically f o r peroxidase a c t i v i t y according to Fahimi(2). For
l i g h t microscope i d e n t i f i c a t i o n of peroxidase the o-dianisidine procedure
developed by Worthington Biochemical Corp.(16) was used. Endogenous f l u o r e scence of the chorion was observed in UV l i g h t under a l e i t z Ortholux microscope. Pure endochorion and innermost chorionic layer sheets were prepared
by sonication of shells a f t e r hatching. Electron microscope sections and
whole mount preparations were observed i n a Philips EM 200 microscope.
3.

RESULTS

Adult K.capi tata and D.oleae f l i e s are equipped with a very long o v i positor ( f i g . l ) through which the mature egg i s inserted into the f r u i t .
In both species the eggs are oblong in shape measuring 1 mm X 0,2 mm and
0,8 X 0,22 mm respectively with a s l i g h t a n t e r i o r - p o s t e r i o r p o l a r i t y ( f i g s
2A, 2B). The main gross differences between the species at t h i s level i s
the existence of an " a n t e r i o r cup" i n D.oleus ( f i g . 3 B ) . Such a feature is
lacking from the K.capitata eggs, which however contains a chorionic protrusion at the a n t e r i o r pole ( f i g . 3 A ) . In both species the middle of the
anterior pole contains the micropylar hole ( f i g s 3A, 3B), whereas in addit i o n to t h a t , D.oleae exhibits r a d i a l l y arranged holes ( f i g s 3C, 3D), appar e n t l y functioning f o r r e s p i r a t i o n .
At the end of embryogenesis the larvae are seen to hatch by s p l i t t i n g
the shell l o n g i t u d i n a l l y .
Laid eggs of K. capi tata exposed to a r e l a t i v e humidity of 80% or less
were rapidly dessicated and thus were not able to hatch.D.oleae eggs were
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able to withstand t h i s exposure
for longer periods of time.
Fine structural analysis
revealed that there e x i s t major
differences between the two species
and as compared to Drosophila niela
nogaster ( f i g s 4AC). Thus the
K.capi tata shell consists of
a) very thick (0,6 ym) v i t e l l i n e
membrane ( f i g . 5A), b) granular
l a y e r , c) innermost chorionic layer
(200A°thick) e x h i b i t i n g c r y s t a l l i n e
substructure in t h i n sections and
in whole mount views, d) endo
chorion complex composed of two
trabecular layers, inverted in
respect to each other ( f i g . 4C)
communicating with 0,25 pm wide
channels being 0,5 ym appart.
Oblique sections reveal that the
inner and the outer surfaces of the
two layers are perforated ( f i g . 5A).
Thus the whole endochorion appears
holey in whole mount views (fig.5B)
and is 1 ym t h i c k . The inner endo
chorion layer is 800 A0 thick and
has small oppenings, whereas the
outer endochorion layer is 600 A0
thick with 0,12 urn wide network,
e) The endochorion is covered by
a loose layer of exochorion 0,25
t h i c k . In contrast, Dacus oleae has
a very t h i n v i t e l l i n e membrane
( f i g . 4B) and a compact endochorion
which seems to be in close appo
s i t i o n with the innermost chorio
nic layer; The main endochorion
contains one trabecular layer with
inner p a r t , p i l l a r s and outer part
which is very compact. No holes or
oppenings were detected in these
layers. The outer layer is presu
mably covered by exochorion.
The odianisidine reaction
f o r peroxidase a c t i v i t y was posi
t i v e (red color developed w i t h i n
1520 min a f t e r incubation) in
both species.

Fig 1. P a r t of D. oleae fly
showing the long o v i p o s i t o r
and a l a i d egg ( a r r o w ) .
Bar 500 μπι.
Fig 2. Whole l a i d eggs from
K . c a p i t a t a (A) and D.oleae
(B). Observe the a n t e r i o r
pole (arrow). B ar 100 μπι.
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Fig 3.

Anterior pole of K.capitata (A) and D.oleae (BD)
as seen by scanning electron microscopy (ΑC) and
thin section light microscopy (D).
Observe the micropyle (M) and the perforations of
the anterior cup (arrows). Bar 10 urn

The diaminobenzidine reaction f o r peroxidase a c t i v i t y revealed that
the whole endochorion (including the innermost chorionic layer) was posi
t i v e in both species (figs.6A,6B); The reaction products included several
f o l l i c l e c e l l secretory vesicles. In addition D.oleae exhibited s l i g h t
positive reaction of the v i t e l l i n e membrane. No reaction product was de
tected at any eggshell layer in mature or l a i d eggs of both species, sug
gesting that the peroxidase is not active by then.

4. DISCUSSION
The two Trypetidae species carry certain s i m i l a r i t i e s but also very
d i s t i n c t differences in t h e i r eggshell fine s t r u c t u r e . In the f i r s t place,
they both e x h i b i t peroxidase a c t i v i t y in the endochorion and the c r y s t a l 
l i n e innermost chorionic l a y e r , as found in Drosophila melanogaster (13).
The enzyme is apparantly involved in the covalent crosslinking of the
chorion proteins through tyrosine side groups (fig.6D) by producing
r e s i l i n  t y p e crosslinks (1,3) at the very end of oogenesis by a c t i v a t i o n ,
possibly through secreted hydrogen peroxide. These crosslinks are beleived
to insure rubberlike properties in the proteins and they do not occur
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in all insects (for a review, see 9 ) .
These features might be extremely
important for the mechanical properties of the eggshell in K.capitata
and D.oleae since the eggs are forced
to pass through the very narrow ovipositor facing similar stretching
problems as do the hymenopteran Nasoni a vi tri penni s eggs in which the .,
width of the ovipositor is just 1/20
the diameter of the egg (14).
Similarly, the crystalline innermost chorionic layer seems to be of
wide occurence since it has been found
in more than 30 species of Drosophilidae including Drosophila melanogaster (11,9) and in other insect orders
too (for a review see 9). Its universality seems to correlate with the
speculation that it is involved in
wax layer formation (12) and in microfiltering of the air during embryogenesis.
A last similarity is the absence of
any profound hatching lines or regions
of weakness, to facilitate hatching,
as found in Drosophilidae, or Caliphoridae (6). This feature may be of
importance to avoid premature splitting of the shell during oviposition.
However, in spite of the above
similarities, there are major differences between the two species; thus
the overal endochorion configuration
is entirely different. In K.capitata
it contains two trabecular layers and
is totally perforated as found in
some Muscinae (4), unlike D.oleae
which resembles the melanogaster eggshell but is more compact. However,
Fig. 4. Thin sections through
the main body of the egg
from D.melanogaster (A),
D.oleae (B) and K.capitata (C). Observe the
vitelline membrane (vm),
the innermost chorionic
layer (arrow), the endochorion (en) and the
exochorion (ex). Also
shown is part of the
oocyte (oc). Bar 1 um
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Fig.

5.

Oblique thin section (A) and whole mount view (B)
of the endochorion from mature K.capitata shell.
Observe the narrow (arrows) and the wide (double
arrows) openings. Bar 1 um

a certain degree of homology exists between the two fruit fly species;
The K.capitata outer trabecular layer seems to be an extension (radially,
i.e in terms of extended temporal differentiation of the follicle cells)
of the D.oleae outer endochorion (compare figures 4B and 4C) suggesting
possible evolutionary relationships between the two species.
Functionally speaking, since these eggs have no respiratory accessories,
like the appendages in melanogaster (10), the compactness or not of the
shell is related to the respiratory demands during embryogenesis; the
K.capitata is able to undertake plastron respiration through the perforated endochorion, in a humid (or even wet) environment, but is unable
to withstand dessication in a dry environment.Interestingly the K.capitata
outer endochorionic network is very similar to the D.melanogaster one which,
however cannot function for plastron respiration since the underlying outer
endochorion is solid (12).
In contrast the dacus endochorion is totally sealing the oocyte (more at
the anterior pole where the egg might be more exposed to the dry environment) and thus no danger for dessication is possible in a dry environment;
Respiration in these conditions may take place through the body of the endochorion and also through the holes of the "anterior cup".
Therefore these Trypetidae species exhibit such structural features in
their egg-shell, related to their relatively diverse egg-laying substrate
but seem to follow the general scheme characteristic formosi Diptera.
More work is in progress in order to investigate the aspects of egg-shell
formation as well as the biochemistry of the chorion proteins in these
fruit flies.
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Thin sectioned follicles
during formation of the
endochorion from K.capitata (A), Dacus oleae(B)
and D.melanogaster (C),
following histochemical
assay for peroxidase.
Observe reaction products at the endochorion (en), secretory vesicles (arrows), and vitelline membrane (VM)
at least in the case of
D.oleae. Bar 1 ym

iH202

Fig 6D. Theoretical consideration of the formation of dityrosine
crosslinks upon the action of a peroxidase which was found
to be component of the endochorion.
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Behavior and interactions between Anastrepha ludens (L) and A. oblicua (M)
on afieldcaged mango tree - 1 . Lekking behavior and male territoriality
M.ALUJA, J.HENDRICHS & M.CABRERA
MoscamedProgram DGSV-SARH, Mexico

Summary
In a field cage study that included A. oblicua and A. ludens interacting
on a mango tree distinctive behavioral patterns were established for each species. While A. ludens turned out to be strongly crepuscular in
its habits, A. oblicua was active during more hours of the day. Inter and intraspecific interactions were common and interspecific lek formation was observed. Out of 122 eneouters,between A. oblicua males, the
resident won 69.7%, In interspecific encouters A. oblicua as resident
won 71% of the times and A. ludens 66.7%. Out of 180 males/male encounters, 74.4% took place on the bottom of the foliage. Out of 209 leks formed during 6 days, 86.12% corresponded to A. oblicua, 3.34% to A. ludens and 10.52% were mixed. Lek size varied between 2-8 flies. A. oblicua seems to have greater possibilities to adapt to the introduced
mango host. Data show a marked character displacement, which becomes more pronounced in areas where both species attack the same fruit. It is
concluded that a theoretical analysis of the situation prevalent in many
areas of Mexico, would indicate that local conditions favor host race formation in some species of Anastrepha.

Resume
Des patrons de comportement distincts furent établis pour A.
oblicua
et A. ludens
sur le manguier dans des cages de campagne. Il fut observé
que A. ludens
a des habitudes franchement crépusculaires, tandis que
A. oblicua
est active pendant plus longtemps dans la journée. Les interactions inter et intraspécifiques sont communes, ainsi que les formations de "leks" interspécifiques. Dans les 122 rencontres entre mâles A. oblicua,
le résident a gagné 69,7% de fois. 74,4% des rencontres
entre plusieurs mâles et un seul, eurent lieu au fond du feuillage.
Dans 209 "leks" formés pendant 6 jours, 86,12% furent de A.
oblicua,
3,34% de A. ludens
et 10,52% furent mixtes. Les dimensions des "leks"
ont varié entre 2 et 8 mouches. Il semble que A. oblicua
a plus de
possibilités pour s'adapter à l'hôte de mangue introduit. Les résultats
démontrent un franc déplacement de caractère prononcé dans les régions
dans lesquelles les deux genres attaquent le même fruit. On conclut que
l'analyse théorique des conditions ambiantes de plusieurs régions du
Mexique indiquerait qu'elles seraient favorables à la formation de certaines races-hôtes dans certaines espèces
à'Anastrepha.
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1.

INTRODUCTION

Fruit flies are a mayor pest in commercial orchards. Among the most im
portant, are some species belonging to the genus Anastrepha. Since little
is known about them, it has become absolutely necessary to study at depth 
their taxonomy and general ecology in order to be able to apply any type of
control method. Trapping activities, in tropical southern Mexico, revealed
the presence of adults of at least 8 species of the genus Anastrepha on the
same host tree (Mangifera indica): A. oblicua; Α. ludens; A. striata; A. 
distincta; A. serpentina; A. fraterculus; A. chiclayae and A. acris a spe
cies not reported in Mexico (Aluja et. al. 1983). To the moment only lar
vae from A. oblicua and A. ludens have been identified but since larval ta
xonomy needs a thorough revision, we think that in the future, more species
will be identified. The presence of so many fly species on the same host,
made us suspect of a possible interaction between them. Because of their ab
solute abundance A. oblicua and A. ludens were selected for the present 
study.
A. ludens is a neotropical species found, from the lower Rio Grande Va
lley in Texas, to Costa Rica (Stone, 1942). The exact distribution in Mexi
co is not known, but it is found almost throughout the country. It prefers
citrus fruits, specially grapefruit,but has a wide variety of wild and cul
tivated host trees. A. oblicua (former A. monbinpraeoptans) is a tropical
species found in the West Indies, Mexico, Central America and South America
(Stone 1942; Christenson and Foote 1960; Teles da Silva et. a l . ) . They also
have a great host flexibility but seem to prefer Spondias spp. in Mexico.
Both species infest mango fruits. Mango was introduced in Mexico, and in cori
trast to India, where wild types are not prefered, our wild varieties are 
heavily infested. The population dynamics varies depending on the geographic
cai area and is highly host dependant.
One of the first attempts to study the behavior of A. ludens was the 
work by Crowford 1923, Mc Phail 1933, Stone 1944 and Mc Fadden 1964. They re
port this species as being crepuscular in its habits. One of the few studies
known for the behavior of A. oblicua is the one by Teles da Silva et. al. 
From this report we gather that there are some differences between A. obli
cua in Brasil and the A. oblicua studied by us in Mexico.
Competition between fruit fly species has been reported earlier. Extrem
ly light or rare infestation of C. capitata in Costa Rica in certain host 
plants suggest competition from species of Anastrepha (Christenson and Foote
1960). The ability of Anastrepha striata in Mexico and Central America to do_
minate guava, a host favored by many fruit flies, is also suggestive of a 
competitive advantage (Christenson and Foote 1960). Many sexually active
Tephritidae aggregate in groups of up to 10 males on the leaves of a single
branch of a host tree. (Perdomo 1974; Dodson 1981, Burk 1982, Prokopy and 
Hendrichs 1979 and Hendrichs 1982). Here they defend "floating territories".
Supremacy of this areas is accomplished through typical, aggresive behavior.
(AliNiazee 1974, Bush 1966). Aggregations provide a forum for malemale com
petition. Copulation success of a high ranking male individual might increa
se. (Emlen et. al. 1977). More tropical species may exhibit under some con
ditions a strong tendency toward lek formation. (Tychsen 1977, Prokopy,
1980).
2.

MATERIALS AND METHODS

Pupae of A. oblicua and A, ludens from several mango orchards in the So
conusco Region in the State of Chiapas, Mexico were collected and kept mix
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ed with moist soil in plastic containers (12 χ 11 cm), covered with a fine
mesh to permit entrance of air and light. After emergence flies were sepa
rated by sex, age and species and supplied with water and a protein mix un
til sexually mature. In Mazapa, an isolated valley in the mountains of the
State, flies were marked on the thorax .with small numbered color plates; 
(different color depending on sex). The latter were adapted (reduced size)
from plates used in Germany to mark bees.
Flies were released daily in a 3 m diam. χ 2 m. high field cage which 
enclosed two small (2m) native mango trees. Excess leaves were removed and
branches adapted to the cage form. 2 ripe and 2 green mango fruits were hung
on the branches and replaced daily (they were thoroughly washed before, to
avoid any human repellent). The cage was shaded with a dark plastic cover,
which also protected from occasional rain. Except for day 4 where only 9 
males and 8 females of A. oblicua were available, 10 males and 10 females 
were released daily. As A. ludens was not so abundant, only the following
number could be released: day 1, 9 males and 6 females; day 2, 4 males and
4 females; day 3, 6 males and 6 females; day 4, 6 males and 4 females; day
5, 8 males and 9 females and day 6, 12 males and 8 females. Special atten
tion was given to flight capability and wing conditions; if an individual
could not fly well it was removed. Every morning, before releasing new 
flies, those of the previous day were removed, with the exception of some
A. ludens females which had not mated. Two persons in the cage recorded ob
servations on general activity, sexual behavior and interactions between 
species for a period of 6 days, totalling 78 hours. All the corners of the
cage were inspected in order to detect active flies. Data were put down on
special tables which included most of the features to be investigated; court
ship displays, territorial defense, lek formation, copula and other common
activities. Individual fly behavior could be recorded with the aid of the
numbered color plates. Observations were made between 7:00 and 19:30 hours.
During this time a location census every 30 minutes took place. Every two
hours, flies resting on the walls of the cage, were transported (on a leaf)
back to the host plant. Temperature was recorded every 30 minutes.
3.

RESULTS

While A. ludens turned out to be completely crepuscular in its habits,
A. oblicua was active throughout the day. In contrast with A. oblicua which
definitively spend more time on the host tree, A. ludens tended to prefer 
the cage walls. Flies on the tree spend most of their time on the underside
of the leaves, resting, courtshiping mating and defending a territory. (Alu
ja, et. al. 1983).
Soon after release A. oblicua males started to perform sexual displays 
of which sex pheromone release, indicated by the expansion by the pleural 
regions of the abdomen and the extrusion of a clear pheromone droplet, was the
most prominent.A. ludens, which turned out to be highly light intensity de
pendent was also" active a very short time early in the morning and then drop
ped intensity of activity until late in the afternoon. As calling males be
came more active, they started to aggregate and to interrupt other display
ing males, trying to dislodge them from their calling possitions.
Out of 122 encounters between A. oblicua males 83.6% took place on the
foliage of the mango tree (x =5.41 Ρ
4,60 (.05)**). For interspecific en
counters and A. ludens the difference between the foliage and the cage was 
not significant, (see Table I ) .
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TABLE I

Location of male  male encounters (N=180) in A. o b l i c u a and A.
ludens. Summary of 6 days of observation
ENCOUNTERS

%

ENCOUNTERS

10 2

83.6

122

44.9

27

55.1

49

44.4

5

55.6

9

134

0

1 80

CAGE

%

A. oblicua
VS. A. oblicua

20

16.4

A . oblicua
VS. A .ludens

22
4

MALE VS. MA LE

A. tudens
VS. .A ludens

. LEAF

46

TOTAL
χ

TOTAL

POSITION

= 18 Ρ > 4 . 6 0

(.05)^

Male territoriality was very common among both species with the defen
ding male being highly successful. Table II shows how out of 122 encounters
between A. oblicua males, 69.7% were won by the resident. In interspecific
encounters, A. oblicua as resident won 71% of the times and A. ludens as
resident 33.3% of the times. In the case of A. ludens results indicate that
the resident was only 33.3% successful, but due to the little number of en
counters observed (N=9) no conclusion can be made.

TABLE II  Total number of encounters between males of A. oblicua and A.
ludens during a 6 day period (N=180).
ENCOUNTERS

RESIDENT

MALE VS. MA LE

WINNING.

A. oblicuo
vs.
Ô· ob|icuq
A. oblicua
vs.
A. ludens
Α. ludens
Vã
Α. ludens
TOTAL

RESIDENT

%

LOOSING

85

69.7

22
12

71.
66.7

%

37

30.3

9
6

33.3

29.

TOTAL

122
31

» ~

49
18

3

6

33.3

122
χ

9

66.7

58
2

^ ^

= 5.41 Ρ > 4.60

180
(.05)

Occupying a territory gave the individual male a great advantage. Table
III shows how of a total of 25 encounters observed in one day, 73% of the
resident males were successful; if the same successful males attempted
invasion of an occupied territory, they were defeated 78.6% of the times.
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TABLE III  Α. ob licúa and Α. ludens male vs. male encounters, individual
perfo rmance of H males during a 12 hour period.
NUMBER A ND

RESIDENT

RESIDENT

NO

INVADER

INVADER

COLOR OF MALE * RESIDENT

WINNINQ

LOOSING

WINNER

INVADER

WINNING

LOOSING

9

3

0

0

0

0

1 YELLOW

8

3 YELLOW

9

9

0

0

0

0

0

2 WHITE

9

'3

2

0

2

2

0

3 WHITE

3

1

"

1

β

I

3

4 BLUE

9

3

I

1

3

0

3

2 YELLOW

4

4

0

0

2

0

2

34

29

7

2

14

3

M

TOTAL

%

73.92

20.9

9.»

21.4

Τβ.β

* Yellow and white = A. oblicua; blue = A. ludens

There was a strong tendency to find a small number of very active, suc
cessful males. Figure 1 shows how some males had up to 9 encounters,
while the average number had only 13.

bllcuo Í N ' 1 3 8 I
lud»n> (N= 42 t

NUMBER OF ENCOUNTERS /HALE
Figure 1  Number of individuals and frequency of participation in male
male encounters, total observations for A. oblicua and A. ludens
during a 6 day period (N=180).
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The supremacy over a territory was accomplished through typical aggre
sive behavior. After some time in the cage, (30 min to 2 hours), males es
tablished territories defined by the natural boundaries of a single leaf.
A male could stay in the same leaf for several hours. The encounters bet
ween males were quick and aggresive and no male ever tolerated another one
in the vecinity. The aggresive behavior was similar in A. ludens and A. 
oblicua. A calling male which detected the presence of an intruder, inme
diately reacted violently. Typical wing displays were sometimes effective
to make the intruder desist. Most of the times the two males fought vigo
rously and tried through physical contact to drive the enemy away. Some 
loosers were very incisive and tried several times. Apparently they even 
adopted a sumise, female type posture, which elicited a copula attempt by 
the resident male. When this happened the invading male tried to chase the
resident away. When a male assumed an alert posture they did not perform
sexual displays and many times made quick side steps.
A defending male attacked the intruder with the proboscis extended for
ward (not always) ;wings were held thightly pressed against the body side 
and the body itself pressed to the substrate; sometimes aggresive songs 
with the wings were produced. If as a result of physical contact the insect
fell off the leaf or cage wall, the resident usually flew back and called
very activly. No male vs male encounters were observed on the fruit.
Lekking behavior was very common among A. oblicua males but rare among
A. ludens. Out of a total of 209 leks formed during 6 days, 86.12% corres
ponded to A. oblicua, 3.34% to A. ludens and 10.52% were mixed. Out of 895
males of A. oblicua pheromone calling, 60.3% did it in a lek and 39.6% out
of it. In A. ludens, 52 males were observed pheromone calling and only
40.3% of them were in a lek. 87 mixed leks were observed during a 6 day
period, (see Table IV)

TABLE IV  Number of male pheromone calling (N=1034) by males of A. oblicua
and A. ludens out of and in mixed and not mixed leks, during
a 6 day period.

SPECIES
CALLING
A. oblicua
NOT IN MIXED
LEK
Α. ludens
CALLING
IN
MIXED
LÉK

OUT
IN
THE LEK OF LEK

TOTAL

540

355

895

21

31

52

A. oblicua

60

—

60

Α.ludens

27

—

27

648

386

947

87

TOTAL
X = 20.89

1034

3.84 ( .05) **

The number of individual flies in a lek ranged from 2 to 8, with the
most common number being 2 to 4.
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TABLE V - Number of leks (N=209) and the distribution of individual males
(N=628) in relation to lek size

No. OF

MIXED

TOTAL

LEK

INDIV.

4

I

176

55

0

9

192

4

29

2

5

144

5

β

1

5

70

6

3

0

1

24

7

I

0

1

14

θ

1

0

0

8

180

r

22

628

A. oblicua

Α. ludens

2

83

3

INDIV/LEK

TOTAL

Table V shows that 22 mixed leks were formed with up to 7 individuals
interacting. Figure 2 indicates the number of males interacting each lek
and the time of formation of mixed leks.
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Figure 2 - Distribution of mixed leks throughout the day (N=22) and the
number of individuals of A. ludens and A. oblicua forming them
(N=80) Summary of six observation days.
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Α. ludens males were not very active during the day, but apparently
the intense activity in leks formed by A. oblicua, elicited a reaction in
them. When a A. ludens male joined a lek it also called vigorously.
Figures 3 and 4 show the distribution of lek formation throughout the day
and the number of individuals taking part. While A. oblicua had different
peaks in lekking activity, A. ludens only aggregated between 16:00 and
18:00 hours. Mixed leks showed a peak between 15:00 and 17:00 hours.
NUMBER OF LEKS FORMED
24 i

_ oblicua (Ν = ΙβΟ)
MUed lek· ( Ν * 22)
Alud.nl ( Ν · 7|

18

16
14
12
10
β



6
4
2

7.SO

β.30

9.30

10.30

ι
1
1
11.30 12.30
13.30
TIUE OF DA Y

1 —
14.30

—

ι

1

16.30 17.30

r
1830

Figure 3  Distribution of lek formation throughout the day (N=209). Leks
formed by males of A. oblicua, Α. ludens and mixed leks.
Summary of 6 days of observation.
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Figure 4  Distribution of the number of leks formed by males of A. ludens,
A. oblicua (and mixed leks)(N=209), throughout the day, and the
number of individuals per lek. Summary of six observation days.
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Males in a lek defended a territory consisting of a leaf > and territories were not less than 30 cm. appart. They called vigorously and were many
times interrupted by an intruder. A good number of females were attrackted
to this massive display of calling activity.
A very interesting situat ion was observed late in the afternoon. Between 17:00 and 19:00 hours A. ludens started to become very active and
around 18:00 hours when light intensity dropped, large congregations of
flies were formed on the west side of the cage (the best iluminated one).
Both A. ludens and A. oblicua started to act with a frantic rythm. Constant
aggressive interaction»took place. Males fought against each other, called
vigorously and tried to copulate with both males and females, regardless of
the species. (Aluja et. al. 1983). Most of the males active at this time of the day, had not been successful in mating in the case of A. oblicua. As.
soon as light completely disappeard, flies assumed a resting position and only a few copulating pairs remained active in the case of A. ludens.
4. DISCUSSION AND CONCLUSIONS
The fact that so many different species from the genus Anastrepha have
been captured in the same host tree has several implications. First of all
it becomes apparent that the taxonomy of this genus needs a thorough revision. In some cases we are dealing with species not reported for Mexico as
for example A. acris and even with specimens that do not fit the characters
reported in the literature. (Aluja et. al. 1983). Larvae are in many cases
impossible to identify and field data tend to indicate that we could be dealing with a case of host race formation. Both A. ludens and A. oblicua
have adapted to introduced host plants and because of its extensive geographical range, specimens from the some species but different origen show
taxonomic and behavioral differences. A. ludens in NE Mexico shift from its native host plant Sargentía greggii to the cultivated citrus fruits (Tejada 1979). Although they prefer grapefruit and citrus in general they
have adapted to a wide host range including mango. A. oblicua is commonly
reported in Mexico as the "plum fly", i.e. Spondias spp., nevertheless it is commonly found attacking mango fruits, which belong to the same family.
(Anacardiaceae), and other wild and cultivated fruits. In many cases larvae
of both species are found in the same fruit and all indicates that there is
a close interaction between them under natural conditions. Christenson and
Footel960, report A. oblicua refusing mangoes heavily infested with A. ludens larvae in laboratory cages. According to our observations under field
cage conditions A. oblicua seems to be better adapted to mangoes. Spondias
spp. are frequently found on the borders of mango groves and flies can easjL
ly shift from one host to the other. Commercial mango orchards (not wild types) were introduced into the study area -not long ago» Since up to 7 varieties are planted in a restricted area, fruit availability is expanded
from February to late August. Under these conditions both A. ludens and A.
oblicua have been slowly adapting to these different introduced mango varieties. According to Bush 1969, during periods of sympatry, contact between species on the same host fruit during courtship and oviposition would
be inevitable. Today, two species of the Rhagolities suavis group can frecuently be collected in the same tree. Selection under these conditions would favor adaptations which reduced the likelihood of hybridization. As pointed out by Janzen 1968, host plants are much like islands from the stand
point of the evolution of phytophagous insects. Once an insect has shifted
to a new host in the course of speciation the parent and daughter species
may be as effectively isolated from one another as population on different
islands, even though their host plants may be growing in close proximity.
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Whitin a few generations two populations could become established, one adapted to the original host and a new early emerging allochronically or semichronically isolated population infesting the new host (Bush 1969 b ) .
Several native North American species of Rhagoletis, have developed new host races on introduced, European fruits such as apples and cherries (Christenson and Foote 1960; Bush 1966, 1969 a ) . Our observations in the field have detected the presence of an isolated population of A. acris in
the middle of a mango orchard, usually infested by A. oblicua. Since identic
fication is difficult in these species, were are conducting more detailed
studies in order to understand these phenomena.
The fact that A. oblicua showed a much higher tendency to stay in the
host tree than A. ludens might indicate a greater degree of adaptation. Citrus and mango trees are not usually found together and at least almost
never grown commercially in the same areas. There are two mayor prerequisites essential for a successful shift into a new host plant :(1) the shift
must occur in an area where both the old and new host plants occur together,
and (2) in frugivorous insects it fruiting times of the two hosts must over_
lap (Bush 1974). Both conditions are satisfied by A. oblicua but not by A.
ludens since citrus shows different phenological behavior as mangoes.
According to the behavior shown by both species the interaction between
both species is greatly reduced by the apparent character displacement in time of activity. It could well be that since A. oblicua is more numerous
and has a shorter generation time, egglaying females and larvae end to exclude A. ludens from competing successfuly for this host plant. A. oblicua
is sexually mature around 7-10 days and A. ludens 10-14 days. Since both species had more or less the same age 9-11 days when released, A. ludens
females were not completely mature. This was confirmed by the percentage of
A. oblicua females mating (77.6%) compared to those of A. ludens (37.8%).
We need therefore more similar studies in order to be able to conclude anything .
The fact that mixed leks were observed and one species activity elicited a response in the other, is interesting. Both thepheromone and accoustic
signals used by males might have similar elements.
Although Burk (1983) and Hendrichs (1983) report that male size is important in male vs male encounters, in the case of interspecific aggresive
interactions between A. oblicua and A. ludens there was no apparent effect.
Larger A. ludens did not necessarily dominate smaller A. oblicua males. What seemed more important was the intrinsic advantage of holding a territory. Nevertheless we have to acknowledge that we did not differentiate between large and small males and that a more detailed study could lead to
different conclusions.
Some A. oblicua males showed a tendency to dominate optimal territories.
Thanks to individual numbering, we could follow the activity of individual
flies. According to Emlen and Oring 1977, aggregation provides a forum for
male-male competition. Copulation success of high ranking males would be iii
creased by joining such a group; that of a low ranking individual might decrease ·
After analyzing the data collected in this study, which must be necessary
ly completed with further research we can partially conclude the following:
1) A. oblicua seems to have greater possibilities to fully adapt to the
introduced mango host.
2) Data show a character displacement in relation to time of sexual activities, which becomes more pronounced in areas where both species attack
the same fruit.
3) Theorethical analysis of the situation prevalent in many areas of México,
would indicate that local conditions favor host race formation in many of tne
21 species of Anastrepha reported in Mexico.
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Report on Session 2
C.B.KRIMBAS
Athens, Greece

Session 2. included researches performed in the genetics of fruit flies
as well as in the genetical techniques used in order to help controlling
their populations.
Dr. Wood has presented a comprehensive review of the field and especially
reviewed the work done in this field on Ceratitis capitata.
lhe genetic research on Trypetidae started 20 years already and concentrated on Dacus, Rhagoletis and Ceratitis. Cytologicai work on mitotic
and polytenic chromosomes of Dacus and Ceratitis was published by Frizzi,
Krünbas and Milani and on Anastrepha and Rhagoletis by Bush. It seems
that both Dacus oleae and Ceratitis capitata have salivary gland chromosomes of poor quality. Therefore it is not expected to make any significant advance in this domain although such an advance would be helpfull in
work of classical genetics of these species. Unless a breakthrough is
produced in this field the results will be less than meager.
The research has been originally oriented and concentrated on population
and evolutionary problems and still continues to be to a certain extent.
In Rhagoletis the older work of Bush on speciation remains classic and so
is the newer work of Kitto and of Berlocher and Bush, the last one on
allozymes used in order to investigate phylogenetic relationships between
species. In Australian species of Dacus (tryoni and neohumeralis) the
work on speciation and ecology produced was interesting. In Dacus oleae
the two esterase polymorphisms were the first so rich, to be described.
Their study by Zouros, Tsaka and Krimbas helped to get an insight on the
population structure.
However, it is obvious that problems related to the easiness of culturing
insects will in the near furture concentrate in Ceratitis capitata (and
perhaps in some other Dacus species) the already interesting and significant work performed in this domain. A prerequisite for a successful study
of the genetics of Dacus oleae, a fascinating subject and of great
economic implications, is the improvement of its rearing technique.
Therefore we have strongly to support any initiative that will be made in
this direction. An advance will be also made in Ceratitis capitata when
its culture method is improved and transformed to a Drosophila-1ike
closed rearing system.
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Therefore, we feel, that for the time being the European laboratories
will give an emphasis to the genetic work on Ceratitis capitata and we
hope that Dacus oleae will not be completely neglected. In the strongest
possible way the encouragement of theoretical work on genetics without
any immediate perspective of application in order to control the pests
will be supported..This work shoud be helped and financed. Future results
could greatly improve our control methods in new ways we cannot actually
predict or foresee. It seems extremely short-sighted to neglect such an
approach. Work on population genetics and ecological genetics should also
be given a priority : in order to fight one has to gather a better
knowledge of his enemy's possibilities.
The genetic work on Trypetidae is of course in its infancy stage. The
experience accumulated in their remote cousin, the species of the genus
Drosophila, will be of great help. However, it is important to devote
part of the research activities to the investigation of classical genetics. For the time being it seems that Ceratitis capitata will be the
most favorable material. Some preliminary work has already started on
this subject. Allozymic as well as morphological markers will permit the
construction of linkage maps and the study of mitotic chromosomes with
banding techniques will possibly, to some extent, substitute the one of
polytene chromosomes. The quick circulation of news by a Newsletter would
help to speed the process as well as the establishment of one, preferably
more than one, stock centres. We say more than one because only this way
can we be sure not to loose by accident or disease valuable genetic
material. Newsletter and stock centres should be financed by international organizations. Classical genetic work should also be, in an
appreciable part, devoted to the study of the mechanism of sex determination. The immediate advantages that could result from this would be the
construction of strains for SIT.
And thus we come to the problem of constructing strains permitting an
easy separation of sexes for SIT. We have already heard of the very
significant advances made in this domain by Dr. Robinson's group. Dr.
Robinson is clearly very near to the solution of the problem in Ceratitis
capitata. Concerning some discussions on the use of insecticide resistant
genes for the construction of such a strain, in general the use of
insecticide resistant genes is not permitted except when some conditions
are fulfilled. The first is that the translocated resistant marker on the
Y chromosome is not exchanged by crossing over. In principle we should
not worry about this since only "goed" translocated strains should be
used for this sexing method, the ones in which crossing over is completely inhibited. (In practice we can never be absolutely sure of that).
Thus, the resistant gene, even were it to infect a natural population, it
would be its mere association with the translocated arrangement to be
eliminated (heterozygotes for the arrangements and standard sequence are
half sterile and obviously the translocated sequence will be in a less
than 50% frequency). Even so it is urged only to use genes giving resistance to insecticides which are not themselves used for controlling the
pest nor are expected to be used in the future (future is impredictable
but some insecticides are more likely not to be used because of their
negative effects on the environment). Fortunately we have not to worry
about using insecticide resistance genes, at least in priority, since it
seems that other genetic systems can substitute them successfully.
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A further genetical improvement of the released strains is welcome. The
possibilities for this are numerous. To use a french expression : "La
génétique n'a pas encore vidé tout son sac" in this respect. Not only
selection for some characters that are expected to be of importance but
also the use of F- heterosis between geographically different populations are just two of the numerous possibilities to be utilized.
Of course in the not so remote future, techniques of genetic engineering
will come to help and improve our methods. It is encouraging that some
biochemists started being interested in this material as it was shown in
Dr. Cavalloro's paper.
For the future, it is to hope that, in this domain, a greater and closer
collaboration between research laboratories will considerably speed up
the research process.

138

Genetic studies on fruit flies of economic importance
R.J.WOOD
Department of Zoology, University of Manchester, UK

Summary
Entomologists are becoming increasingly aware of the diversity and
rapidity of evolutionary changes in insects, particularly in response
to various human interventions. This knowledge has led investigators
to engage in genetic studies on pest species, in the belief that this
approach will lead to a deeper understanding of the evolutionary
changes observed and provide a surer basis for effective pest control
in the future.
Genetic studies on fruitflies of economic importance are discussed in
relation to adaptive changes occurring in mass-reared laboratory
colonies, to the improvement of their "quality" for SIT, to studies on
the genetics of field populations in relation to control strategies,
and to the development of genetic sex-separation techniques. The
importance of fundamental genetic and cytogenetic studies is stressed,
and priorities are indicated for future research.
Résumé

,

De plus en plus les entomologistes commencent à avoir connaissance de
la variété et de la rapidité des changements évolutifs chez les insectes, et surtout de la manière dont ils répondent à diverses interventions de la part de l'homme. Cette connaissance a encouragé les chercheurs à s'engager dans des études génétiques des espèces nuisibles,
croyant que ce procédé aboutira â une compréhension plus profonde des
changements évolutifs observés et pourvoira une base plus sûre dans
la lutte contre les insectes nuisibles à l'avenir.
On discute des études génétiques sur les mouches des fruits d'importance économique en ce qui concerne les changements adaptifs chez les populations de laboratoires élevées en masse, les améliorations de la
"qualité" des insectes stérilisés, les études au sujet de la génétique
des populations naturelles en fonction des stratégies de lutte et le
développement des techniques génétiques pour la séparation des sexes.
On met l'accent sur l'importance des études fondamentales, génétiques
et cytogênétiques, et sur les priorités pour la recherche future.

1. INTRODUCTION
Insects are known to respond rapidly and in diverse ways to various
man-made changes e.g. to the use of insecticides, the monoculture of crops,
or laboratory colonisation (1). Awareness of this has led a growing number
of investigators to engage in genetic studies on pest species, in the
belief that this approach will lead to a deeper understanding of the
evolutionary changes observed and provide a firmer basis for effective pest
control in the future (2,3). Furthermore it is recognised that in suitable
cases genetic techniques may be applied directly in pest control either as
"genetic methods" or as an adjunct to other techniques.
CEC /IOBC Symposium /Athens /Nov. 1982
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The particular suitability of fruitflies for genetic study need not be
stressed except to underline the fact that the economically important
family Tephritidae shows many of the qualities of a "good genetic subject"
exhibited by their more famous cousins the Drosophilidae (3).
2. THE FOUNDING AND MAINTENANCE OF LABORATORY COLONIES
The management of a laboratory colony of insects raises important
questions of genetics. Is the colonised strain representative of the
species in the field. Has it changed after being introduced into the
laboratory? These questions are important both for the experimental
entomologist wishing to draw conclusions from his experiments about what
is happening in nature and also from the mass breeder hoping to release
sterile males competitive with the wild forms.
Geneticists have suggested precautions regarding the choice of foundation stock (with which to start a laboratory colony) and for the avoidance
of inbreeding (4,5). As a basis for choosing a reliable foundation stock
there seems to be no substitute for familiarity with the insect in the
field, which means knowledge of its temporal and spatial variation at a
genetic and/or chromosomal level - i.e. knowledge of the ecological genetics
of the pest (6). To avoid inbreeding it is necessary to maintain laboratory
colonies with an adequately high effective population size, taking into
account the fact that this may be considerably smaller than it might seem
to be under crowded conditions (7).
Another matter to consider is the laboratory environment. However
carefully a foundation stock is chosen and however large the population is
subsequently maintained, there are no measures which can entirely prevent
populations adapting to the laboratory environment. Relevant studies on
the Caribbean fruitfly Anastrepha suspensa (8,9,10) have shown that it
takes only a few generations of laboratory culture for changes in visual
sensitivity, life history, respiratory activity and flight activity to
become apparent. Consistent, rapid and profound changes occurred also in
the olive fly Dacus oliae after colonisation, in various aspects of
reproductive biology, physiology and behaviour (11).
Similar studies with the melon fly Dacus Cucurbitae (12) demonstrated
that a few generations in the laboratory led to a shorter life, shorter
pre-copulation period, shorter pre-oviposition period and greater egg
production. Flight activity was reduced but mating activity was increased.
When flies were given more space to mate, the difference in mating activity
became less (13) and when they were released in nature, the laboratory bred
flies showed less capacity for dispersion (14).
Progressive changes such as these in laboratory reared strains are at
least partly the result of natural selection and are thus the outward
manifestations of more fundamental genetic and biochemical changes. One of
the most significant kinds of genetic change observed in species of
Drosophila brought into the laboratory, has been a general reduction in
heterozygosity at electrophoretic protein loci. This seems to result from
a lack of variety in the laboratory environment, some aspects of which are
particularly important (15,16,17). It was found that by fluctuating the
temperature and giving the flies a choice of two kinds of yeast it was
possible to increase heterozygosity whereas varying the level of illumination was ineffective in this respect.
These model studies on how to reduce selection for homozygosity in
laboratory strains of Drosophila, point to the need for a more sophisticated approach to the maintenance of conditions for laboratory colonies of
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pest species. The improvement of heterozygosity at one particular locus
is illustrated by the observation (18) that olive flies homozygous at the
highly polymorphic esterase locus £ were consistently less active than the
heterozygotes. However this species does in fact seem to behave differently
in response to the laboratory environment than Drgsophila. More recent
studies (11) on two esterase loci (A and B) revealed that the most common
allele decreased in frequency during culture in the laboratory, causing an
increase in heterozygosity in laboratory populations. There is therefore
no evidence gained from the study of esterases in this species that
environmental stability results in genetic impoverishment of populations.
As well as the relative stability of the laboratory environment,
there is also the question of whether the differences from the wild
environment will lead to directional selection. Changes in gene frequencies
have been observed in various insect species after laboratory colonisation,
including very strong selection against an allele at the ADH locus in
P. oliae (19). But only in rare cases has it proved possible to link
changes in gene frequency with changes in physiology or behaviour (20).
It is of obvious importance to assess the significance of selective
effects by the laboratory environment and to determine whether these can be
minimised. Frequent replacement of laboratory stocks with freshly
collected wild material is one possible cause of action. Another possibility
is to identify elements in the laboratory environment which, if changed or
varied, would reduce the selective effects. Studies on Drgsophila point to
certain variables being more favourable to the retention of a natural"
genotype than others. In different species the key variables may well be
different.
3. STRAIN IMPROVEMENT FOR SIT
Fruitflies are established subjects for the sterile insect technique
(SIT), the method being usually applied in conjunction with other techniques
in an integrated control programme. The release of sterilised Mexican
fruitflies Anastrepha ludens to protect soft fruit in California was highly
successful (2). A very extensive and effective programme of release
against C. capitata is now underway in south western Mexico (22). There
have been substantial releases also against the oriental fruitfly Dacus
dorsal is and against D. Cucurbitae in Japan and against D. Cucurbitae in
Taiwan, and some of these programmes are being extended (23). A feasibility
study for the application of the SIT against the cherry fly Rhagoletis
cerasi in north west Switzerland showed that from a cost benefit point of
view SIT could be a feasible and competitive technique if applied in larger
areas (24).
Gratifying as these successes are proving to be, there is need for
caution in one important respect. Experience with the screwworm fly
(controlled in Texas with SIT for the past 20 years) has led to the
suspicion that genetic changes occurring in colonised flies can lead to
changes influencing the fitness ("quality") of the sterile males when
released. Fitness in this context means survival, mate-finding, courtship
and mating (25).
The interaction of male and female fruitflies is complicated but
successful courtship leading to mating is known to include a number of
basic components, described in detail for the medfly (26-29). Harris and
Wood (30) have recently attempted to produce strains of the medfly with
high and low levels of mating activity, using two genetic selection
techniques, "single pair" and "mass", the latter being based on Boiler's
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"mating Index" (31). With neither selection technique did the strains
selected for high mating activity differ much from the controls. The major
response to selection was in the direction of low mating activity. This
suggests that the laboratory strains had already been selected unconsciously
for high mating activity during laboratory culture. Clearly a different
regime of selection would be necessary to produce a "super male" if indeed
this is possible.
There is also the question of whether a "super male", in the sense of
a male mating particularly actively in the laboratory, is desirable. Quite
different qualities may be required for successful mating in the wild from
those conferring high mating success in the laboratory. Ultimately it will
be necessary to assess the quality of selected males by properly controlled
field tests although field cage tests may also prove useful (29).
Several factors are believed to contribute to the quality of released
males (25). Boiler and Sharp (personal communication) have recently
completed a selection programme using the RAPID quality control system (32),
which includes a mating test among others, and have shown that strains with
improved mating propensity can tolerate higher levels of stress (such as
irradiation impact) than unimproved strains. They are now repeating the
selection under marginal conditions (such as low temperature and Mfiht
intensity) after field tests by Hendrichs had shown that strains exhibiting
high mating indices in laboratory and field cage tests did not perform as
well as wild strains when the sky was overcast. Field tests of strains
with different "quality profiles" are now underway in Mexico (Boiler,
personal communication).
4. GENETICS OF FIELD POPULATIONS
Genetic information on wild populations could well be pertinent to the
long term success of a SIT programme. Crosses between populations from
different areas may reveal incompatibilities between geographical races as
observed in R. cerasi in Europe (33). Even within a population of fruitflies there may be considerable variability in reproductive physiology and
behaviour. Hence it would be a mistake to assume that all wild females will
be equally responsive to males released in a SIT programme. The possibility
of field populations evolving resistance to SIT must therefore be considered.
Resistance might result from selection for a particular aspect of female
reproduction behaviour, or possibly an acceleration of reproductive
maturity in wild males (34).
Whether or not natural populations develop resistance to SIT will be
expected to depend on several factors (3). Arguing by analogy with
insecticide resistance, which has been extensively modelled in computer
simulations (35-37), the situation most likely to favour the evolution of
resistance in wild females to SIT would be:
(1) that all wild females in the target population meet a sterile male.
(2) that a proportion of wild females rejects the sterile male and
then goes on to mate with a wild one.
(3) that the rejection is not stochastic i.e. that genetic factors are
involved, affecting some key aspect to physiology or behaviour.
(4) that the genes influencing rejection have a high dominance
component.
(5) that there is no immigration into the control area of wild females
already mated to wild ones.
Clearly (2) is almost certain to occur but (5) will happen only when
the target population is totally isolated, as on an island. (1), [3) and
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(4) are unknowns at the present time. More information is required before
meaningful models can be built. But even on present evidence it is
clearly important (from the point of view of preventing resistance to SIT)
to concentrate sterile males in high density in designated areas rather
than spread them thinly across the landscape.
Resistance to insecticides is also something to consider seriously
although fortunately it has never yet become a practical problem in any
fruitfly species (38). To investigate the potential for resistance in
C. capitata to the cyclodiene group of insecticides, Busch-Petersen and
Wood nave recently put third instar larvae of three laboratory strains
under selection with dieldrin. An immediate response to selection occurred
in all cases. A resistant strain has now been isolated, and crosses to a
susceptible strain have shown resistance to segregate as a single partially
dominant gene giving cross resistance to other cyclodienes and low
tolerance to HCH (39). Surprisingly there was also cross resistance to two
other insecticides, malathion (an organophosphate) and permethin (a
pyrethoid). Resistance to malathion was higher than to dieldrin and also
segregated as a major gene. Such a wide spectrum of cross resistance is
unknown in most insects although it has been found in Drosophila
melanogaster due to the gene RI at position 64.5 on chromosome II (40). The
physiological basis of the resistance has not been determined but it may be
noted that microsomal mixed function oxidases, known to influence a wide
spectrum of insecticide resistance in other species (41), have been
identified in C. capitata (42).
5. GENETICS IN RELATION TO SEX SEPARATION
The development of an efficient automatic method for removing females
from mass culture, prior to releasing the males, is especially important in
fruitflies (3,43). Approaches to developing inherited sex-separating
methods for fruitflies„have been directed at post-zygotic techniques. The
way was pioneered by Ró'ssler (44) who succeeded in translocating a pupalcolour gene onto the Y chromosome of C. capitata so that male pupal were
brown and female pupae black. But he observed recombination between the Y
chromosome and the colour locus, so that a proportion of black male pupae
and brown females were generated in each generation. This seemed a serious
disadvantage but the more recent experience of Robinson and van Heemert
(45) indicates that recombination can be avoided. They have concluded that
crossing over in the male medfly will not be a serious obstacle to the
development of a genetic sexing method based on an autosomal gene linked to
the Y chromosome.
However, there are two practical disadvantages to using pupal colour
for genetic sexing (1) the separation is made late in development (2) the
females in the system are homogygous mutant so that fitness cannot easily
be increased by backcrossing into the wild type. Experience with the
silkworm Bombyx mori (46) shows that sex separation by a Y-translocated
colour gene can be done as early as the egg. However egg colour mutants
have yet to be isolated in fruitflies.
Y-translocated insecticide resistance provides another approach to
developing a separation technique. In several species of Anopheline
mosquitoes, workers have demonstrated the feasibility of translocating an R
gene onto the Y chromosome, the males thereby becoming resistance while the
females remain susceptible. The males can then be killed by a suitable
dose of insecticide (preferably in the eggs or first larval instar) leaving
the males unharmed. An extension of this method of female elimination to
other species is theoretically possible. A suitable resistance gene in
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C. capitata is now available although further experimentation is required
to determine which insecticide gives the best separation (39).
Another possibility for sex separation is to translocate an alcohol
dehydrogenase gene (Adh) onto the Y chromosome and to use ethanol to make
the separation. Robinson and van Heemert (47) have demonstrated that this
works well in Prosophila. The advantage of this species is that strains
without the Adh ("Adh null") are available. In species of economic
importance such as C. capitata a null mutant must be isolated. This first
step has proved difficult to achieve. Busch-Petersen and Wood (unpublished
results) have been attempting to do this by selecting for resistance to
pentenol (resistance to which is negatively correlated with resistance to
ethanol in Prosophila), at the same time treating with the chemosterilent
EMS. The response to selection has been a significant increase in tolerance
to pentenol but no move yet to ethanol susceptibility.
The approach by Riva and Robinson (personal communication) to this
problem has been to isolate and make use of two alleles of Adh, F and S. By
irradiating FF males and crossing to SS females, they can pTcJT up a null
allele by observing if any NS flies appear in the progeny screened by
electrophoresis. So far, however, no null has appeared after extensive
screening. A second approach has been to use allyl alcohol as a selective agent (on the same principle as pentenol) but this has also not yet
brought success. They are ready, however, to develop a sexing technique
once an Adh null allele is available. They have already produced five Y-S
translocations (after irradiating 422 SS males with 5 krad) the most fertile
of which allowed 75% egg hatch.
Another possibility for sexing has been suggested by Saul (48). He
has described an eye colour mutant rosy (ry), the homozygote of which is
killed or delayed in development by the presence of purine in the larval
rearing medium. Thus whereas males carrying the wild type allele of ry
linked to the Y would be expected to grow normally on such a medium, tïïe
development of ry/ry females would be prevented.
6. GENETIC METHODS OF PEST CONTROL
Male linked translocations as well as being useful for genetic sexing
might also be used in their own right as genetic control agents (45).
Several of those isolated in C. capitata could be useful in that context
because of egg sterility as high as 75%. A situation may be foreseen in
which a translocation is used to sex a population and then the males are
released without further treatment.
Another way in which translocations may be used in the future is in
conjunction with SIT as proposed by Steffens (49) who has found that the
sterilisation of a translocation stock of C. capitata requires a lower
dosage of irradiation than normal flies. Theoretical calculations indicate,
moreover, that it is possible to get excellent control with an even lower
dose, one giving 90-95% sterility, because of the additional inherited
sterility. Lower dosages are desirable because they are less likely to
inhibit male sexual activity.
7. FUNDAMENTAL GENETICS AND CYTOGENETICS
Basic studies on genes and chromosomes provide an essential background
against which the more applied aspects already discussed can be developed.
A number of workers are contributing towards this basic research and work
on the medfly is the most advanced.
Eighteen morphological mutants have been described in the medfly (43,
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50, 51, Rossler, personal communication) involving eye colour, pupal colour,
bristle characteristics and the shape and venation of the wings but none
yet for the highly patterned thorax. In addition, variation has been
observed at 11 electrophoretic loci involving 9 classes of enzyme (43,50),
the frequencies of some of which are being studied in wild populations
(Saul, personal communication). Four pairs of linked genes have been
identified: apricot eye with double chaeta; black pupae with esterase 1;
white eye with orange eye; white eye with curly wing.
Saul (52) has been selecting for some quantitative characters in the
medfly. There are some characters, like the number of SFO bristles ("sex
setae") and wing venation variation which respond to selection and others,
like the size of the irridescent "spot" in the eye of males and thoracic
bristle number which do not.
Gonzalez and Solan' (53) have studied the localization of heterochromatin in C. capitata chromosomes by C-banding which makes it easier to
distinguish the different autosomes and sex chromosomes. They report no
evidence of true chiasmata in the male although Rò'ssler (personal communication) has observed recombination in males. Cladera (54), however, observed
no recombination in males.
Translocations are being induced in various medfly strains and studied
cytologically (45,55). From one translocation, Gonzalez (55) has
evidence that the black pupal mutant b is located terminally on subtelocentric chromosome 3, as defined by Radu et al (56); chromosome 2 according
to Southern (57). Robinson (personal communication) has been studying
"pseudo-dominance" demonstrated in some male-linked translocations, causing
sex ratio distortion.
Irradiated stocks have been investigated by Lifschitz and Gonzalez (43,
personal communication) for the presence of supernumery sex chromosomes by
which they have demonstrated that the Y chromosome determines sex in
C. capitata, and that the viability of XXX females may be low (Gonzalez)
although they are detected in wild populations (Lifschitz). At least three
kinds of Y chromosome have been observed (Lifschitz). X-ray treatment has
produced strains which when crossed give F o progenies with very distorted
sex ratios (Lifschitz).
8. PRIORITIES FOR FUTURE RESEARCH
Research on the applied aspects of genetics is clearly desirable - on
selective effects of the laboratory environment and strain improvement for
SIT, on population response to SIT and to insecticides, on techniques of
sex separation and new methods of control. But there is also a requirement
for fundamental studies, both cytogenetic and genetic - on such matters as
sex determination, segregation distortion, recombination suppression and
polytene mapping. Above all there is an urgent need for the construction
of genetic maps, an obstacle to which is the frequent loss of potentially
useful mutants because investigators have neither the time nor the
financial resources to keep them. What is urgently required in fact is a
stock centre for C. capitata and other fruitflies comparable to the WHO
stock centre for mosquitoes at the University of Notre Dame, USA and the
one for houseflies at the University of Pavia, Italy.
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Genetical studies on Ceratitis capitata Wied. - A progress report
G.GASPERI, A.R.MALACRIDA, R.MILANI, P.G.RUBINI & L.SACCHI
Istituto di Zoologia, Università di Pavia, Italy

Summary
The adoption of different mating and breeding conditions has provided
informations on some short-comings of the single-pairs' breeding
technique and it has also ensured indications for the improvement
of the efficiency and reliability of this breeding method, which
is basic to genetical studies.
During mitosis the X-chromosomes undergo somatic pairing like the
autosomes and may show two regions differing in staining activity.
A satellite of the Y Chromosome is generally recognizable. Chromosomal
mutations limited to some somatic nuclei have been observed repeatedly.
The enzyme functions H K 2
and MPI have forms differing both in
electrophoretic mobility and activity levels. The two traits are
jointly inherited and behave as genetic units. The activity levels
of the two forms of each enzyme are reported.
The enzyme G6PD has a fast and a slow form. In a wild-type strain
(Italy) the slow form has been found with low frequency always in
the heterozygous condition and in females.
The enzyme systems AK and HK show organ-specificity and qualitative
and quantitative changes during development.

Resume
L'emploi des différentes conditions d'accouplement et d'élevage a mis
en évidence quelques inadéquations spécifiques du système d'élevage
par couples séparés et a fourni des indications pour améliorer l'efficacité et la crédibilité de cette méthode d'élevage qui est essentielle pour les études génétiques.
Au cours de la mitose, les chromosomes X opèrent un appariement somatique comme les autosomes et montrent deux régions qui se colorent
différemment en intensité. Le chromosome Y a un satellite qui n'est
pas toujours reconnaissable. Des mutations chromosomiques limitées à
quelques noyaux somatiques ont été observées maintes fois. Les fonctions enzymatiques HK„ et MPI ont des formes qui diffèrent soit par la
mobilité électrophorétique soit par les niveaux d'activité. Les deux
propriétés sont toujours transmises associées et se comportent comme
des unités génétiques. Nous donnons les niveaux d'activité des deux
formes de chacune de ces enzymes. L'enzyme G6PD a une forme rapide et
une forme lente. Dans une souche sauvage (Italie) la forme lente a été
trouvée à des fréquences basses seulement à l'état hétérozygote, et
toujours chez les femelles. Les systèmes enzymatiques AK et HK sont
organo-spécifiques et montrent des variations qualitatives et quantitatives pendant le développement.
CEC/IOBCSymposium
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The research activities
following topics:

performed

by

our group

have regarded the

1. Evaluation and maximization of the proficiency of single-pair breeding
technique.
2. Chromosomal examinations.
3. Relations between activity levels and electrophoretic mobility of
allelic enzyme variants.
1. Evaluation and maximization of the proficiency of single pair breeding
technique.
Reliability of research work requiring regular and continuous
breeding of experimental animals is largely dependent on the proficiency
of breeding techniques. Breeding failures may result either from genetic
properties, or from breeding's short-comings or from interactions between
these two orders of factors. It is often desirable to cross-examine the
same individual through genetical, chromosomal and biochemical tests or
to obtain progenies widely spaced in time. Information on the effects
of ageing are essential for such approaches.
Observations on longevity, on the courses of fecundity and fertility
during life and on the effects of breeding conditions on the last two
properties have been carried out using the laboratory mutant strains
'orange' and 'apricot'. With limitation to a few problems, F, progenies
of crosses between the wild-type strains Sardegna and Costa Rica have
also been used. Attention has been focused on single pairs; with
limitation to "orange" strain, a small mass-culture started with ioppand
20dVhas also been used (Tables I and II).
The results of these observations can be synthetized as follow:
1. The life span may reach 45 days, with continuous but declining fecundity.
2. Strain 'apricot' has a much higher production of eggs than strain
'orange'.
3. Apricot flies in mass culture have laid more eggs per female than
those kept in single pairs.
4. During the observed period the rate of hatching has remained at
fairly constant levels among the eggs obtained from 'orange' pairs
and 'apricot' mass-culture, while eggs from 'apricot' single pairs
have shown a steady decline.
5. The rate of hatching has been definitely higher among eggs from females
kept in mass culture.
The decline of the rate of hatching of eggs concurrent with the
ageing of the laying females may be caused by impoverishment either of
the eggs or of the stored sperms. The difference observed between eggs
from single pairs and mass-culture seems to support the second hypothesis.
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Low rates of fertile pairs are frequently encountered under singlepairs' breeding conditions. In nature medflies mate in groups, a condition
which may introduce both group effects and partners' selection. Data
based on ten series of single pairs and a total of 82 pairs show a much
higher fertility among pairs which had been taken out from a mass culture
while already copulating (first mating) than in pairs assorted before
mating.
Very high numbers of flies have been obtained when females have been
allowed to lay their eggs directly on the larval pabulum.
A low fertility has been encountered with F. flies of the crosses
Sardegna X C osta Rica. Five pairs out of 35 involving C osta Rica males
or their sons have given 2 :1 ratio? (observed:Λ?170,ţţ94; expected on
the 2:1 hypothesis: 176dV, 88ţ$; homogeneity test (chi*, 4 d.f.): 2.92).
2. Chromosomal examinations.
Chromosomal examinations have been carried out on preparations of
larval brain ganglia, testes of males and follicular cells of females
(Fig. I ) .
The most significant finding are:
- the X chromosomes undergo somatic pairing and have two regions with
different staining intensity. Both these facts suggest that in the medfly
the X Chr. may have an active section;
- the Y C hr. has a satellite, which in some preparations and/or some
chromosomal plates is not evident;
- it is possible to obtain satisfactory chromosomal preparations from old
flies and so to compare their complement with those of their progeny;
- the salivary polytene chromosomes seem quite suitable for analysis;
- the chromosomes of the strains Sardegna and Costa Rica do not show gross
differences detectable with current cytological methods;
- a number of chromosomal anomalies have been occasionally observed, with
limitation to one or a few cells.
3. Relations between activity levels and electrophoretic mobility of
allelic enzyme variants.
The analysis of enzyme polymorphisms based on electrophoretic
mobility has been integrated with the measurement of activity levels.
Mobility alone is a variable not necessarily related to physiological
efficiency, while activity levels seem more likely to have a direct
bearing on the general internal equilibrium of the organism.
The enzyme functions H K 2 and MPI have forms differing both in
electrophoretic mobility and activity levels. In both cases the results
of test crosses have shown that the two traits of each form, that is
mobility and activity, are jointly inherited through the generations,
and behave as genetic units. It is not yet clear if the double effect
is due to a single structural gene or to two genes very closely linked.
The first hypothesis is favoured by the present authors.
All heterozygous MPI-AB flies obtained from test-crosses have
provided two banded zymograms, in which the slow component (MPI-B) is
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more intensely stained and provides activity levels of 9.05 + 0.05 arbitrary
units, while the fast component has activity levels of 5.9 + 0.04 units
only (Fig. II). All MPIB homozygous flies obtained from the same test
cross showed very uniform slow mobility and high intensity levels similar
to those of the original MPIB parental flies (x = 12.10 + 0.06).
Similar results have been obtained with the system HK„. In this case
slow mobility and low activity level are inherited as a unit, which is
alternative to fast mobility and high activity level. The two double
effects characterize the phenotypes HK, A and HK B respectively. The
difference between these two phenotypes is smaller than in the case of
MPIΑ and MPIB, but quite regular.
The heterozygous HK„AB obtained from a testcross have provided
optical density values of 5.10 + 0.04 and 3.01 + 0.06 arbitrary units
respectively for the fast and slow components, while the HICA homozygous
flies have given regular 11.6 + 0.14 values (Fig. III).
Both these enzymes are found mainly in the gut and they exert a
coordinated control on glucose utilization, as follows:
glucose

2

glucose 6phosphate
λ

MPI

fructose 6phosphate

mannose

further steps
of glicolysis
Genetical
evidence
available
at
present
indicates
that the
variability observed for activity levels of these enzymes is directly
traceable to alleles of structural loci rather than to interactions of
regulatory genes.
The enzyme glucose 6phosphate dehydrogenase (G6PD) is unsuitable
for densitometric measurements because it provides smeared zymograms.
It has two electrophoretic forms, namely fast and slow. The slow form
is present at low frequency in a single strain (Italy); it has been found
only in females and, with a single doubtful exception, always in the
heterozygous condition (Fig. IV) ; some 145 females flies of different
generations have been observed. The mechanism of such sex limitation has
not yet been analysed. It is noteworthy that the same enzyme function
is controlled by Xlinked genes in Drosophila melanogaster and by
rd
III
chromosome genes in Musca domestica, that is by two chromosomes
showing several functional homologies.
Biochemical
markers
in
developmental
biology.
Electrophoretic
analysis of geneenzyme systems has made evident in the medflies enzyme
functions with specific tissue localization. These functions undergo
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specific activity changes during development and so they are suitable
as tools for the study of some basic developmental events (fate-maps,
cell-lineages). Qualitative and/or quantitative changes during development
have been found for the adenilate kinase (AK) (Fig.V) and hexokinase (HK)
systems; their organ-specific enzyme functions arise, fade out, and/or
change during development.
Addendum: Enzyme symbols and names.
HK

: Hexokinase. HK -A: fast variant of isozyme HK ; HK -AB: heterozygote
for fast and slow variants.
MPI : Mannose phosphate isomerase. A,B, and AB: fast,slow and heterozygous
phenotypes, in the order.
AK : Adenilate kinase.
G6PD: Glucose 6-phosphate dehydrogenase.
TABLE I. COURSE OF FECUNDITY AND EGG'S HATCHABILITY OVER A PERIOD OF
40 DAYS. Females have been kept in single pairs (sing.p.) or in small
mass culture (mass c ) . Ages are grouped in four ten-days classes. Figures
represent the mean eggs' production per female over each ten days period
(above) and the percent of larvae hatched from same eggs (below).
Mean numbers of eggs per female in each ten days' period:
Classes of ages (days)
orange, F 1 4 ; sing.p.
apricot,F,6; sing.p.
apricot,F 16 ; mass c.

1-10
296.92
381.89
435.51

11-20
156.42
353.67
417.39

21-30
85.00
235.23

1-10
77.90
80.04
82.83

11-20
77.94
72.79
84.43

21-30
69.45
56.37

31-40
60.00
156.00
not observed.

Percent frequency of hatches:
Classes of ages (days)
orange, F 1 4 ; sing.p.
apricot,F-6; sing.p.
apricot,F16; mass c.

31-40
79.02
55.76
not observed.

TABLE II. FERTILITY OF SINGLE PAIRS OF MEDFLIES MATED SINGLY
OR IN MASS CULTURE (Mass c ) .
Mating
Condition
Singl.p.
Mass c.
Mass c.
S= Sardegna;

Type of
cross

N° of pairs
set
fertile

S xCR
S xCR

10
25
15

F

ixFi
CR= Costa Rica.

Singl.p.= single pairs;

4
20
6

N° of
eggs

757
?
?

Mass c.= mass culture.

?= counts not effected; eggs laid directly on larval pabulum.
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(Sing.p.)
N° of
flies

148
1039
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FIGURE I. CHROMOSOMAL PATTERNS OF C. capitata Wied. FROM FLIES F
(<f Sardegna χ Ş Costa Rica).
a, mitotic gonial metaphase showing somatic pairing of X ehr.
b, mitotic metaphases of larval brain cells showing the X chr. with two
parts stained with different intensity and the Y chr.with a satellite
c, d, mitotic gonial metaphases, showing mitotic recombinations
e, f, mitotic gonial metaphases: e, shows a normal plate (top) and a plate
with chromosomal abnormalities
g, polytene chromosomes from larval salivary gland.
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MPI

(—) electrophoretic migration
η .12

x.9.05 χ. 5.90
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FIGURE II. EVALUATION OF ALLOZYME ACTIVITY LEVELS. Densitometrie scan of
che MPI zymogram obtained from a single heterozygous medfly (MPI-AB).
MPI-Α = fast mobility, low activity; MPI-B = slow mobility, high activity

HK4

HKgHKj

(—) electrophoretic migration
n=15

(+)

x=a01
2*5.10
s.e±0.06 sa ±0.04

FIGURE III. EVALUATION OF ALLOZYME ACTIVITY LEVELS. Densitometrie scan
of the HK zymogram obtained from a single medfly heterozygous for the
HK function (HK -AB) and homozygous for the isozymes HK and HK, . HK--A
fast mobility, high activity; HK -B = slow mobility, low activity.
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G6PD
GOX 
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FIGURE IV. ELECTROPHORETIC PHENOTYPES OF THE ENZYME GLUCOSE 6PHOSPHATE
DEHYDROGENASE (G6PD) IN MEDFLY FEMALES OF THE ITALY STRAIN.
Legend: F, S and H stan for fast, slow (single doubtful case) and hybrid
phenotypes.
(GOX and PGM indicate the enzymes glucose oxidase and phosphoglucomutase,
not discussed in the present report).
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FIGURE V. DEVELOPMENTAL PATTERNS OF ADENILATE KINASE (AK) IN C. capitata
Wied., STRAIN ITALY.
Legend: e, eggs; L, larvae (3th instar); Ρ , Ρ , one day and eight days
1
8
old pupae; A , A , one day and seven days old adult flies.
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Proposals for a uniform genetic nomenclature for Ceratitis capitata Wied.
J.P.CARANTE
Laboratoire de Biométrie & Institut Universitaire de Technologie no.l.
University Claude Bernard, Villeurbanne, France

Summary
Proposals for a consistent and uniform genetic nomenclature for Ceratitis
capitata are described. A set of guiding principles for symbolization of loci
(or genes), alleles, genotypes, phenotypes and chromosomal aberrations is
given. Symbols for identified genetic units are proposed. The establishment
of a reference sample bank is outlined.

Resume

Un système de nomenclature génétique cohérent et universel pour Ceratitis
capitata est décrit. Quelques grands principes susceptibles de servir de guides
pour la symbolisation des locus (ou des gènes), des alleles, des génotypes,
des phénotypes et des aberrations chromosomiques sont présentés. Des symboles
pour les unités génétiques actuellement identifiées sont proposés. La mise
en place d'une banque de souches de référence est suggérée.

1. INTRODUCTION
The genetics of the Mediterranean fruit fly, Ceratitis capitata (Wiedmann)
has, until recently, been little understood. Since 1973, however, several morphological mutations have been detected and studied (3, 4, 5, 7, 14, 16, 17, 18).
By the same time the karyotype of C. capitata was described and the chromosomes were classified (12, 20). More recently enzymatic electrophoretic variants
have been described (6, 7, 10, 13, 21) and their genetic basis are now under
investigations. The genetics of the medfly, non existent for a long time, is
now becoming reality.
A good terminology is a key to clear and easy communication, so, the
genetic study of any species requires a consistent and universal system of
nomenclature. Those used for insect species are, in general, copied from the
drosophila one. However, this latter one is far from satisfactory and as Lindsley
and Grell emphasize : "its development has been rather haphazard ; consequently the system is not a logical structure but is replete with relics, redundancies
and inconstancies... Its revision into a consistent scheme is no longer practicable creating as it would a chaotic discontinuity in the literature".
It seems to us unwise to let such a situation develop in the medfly. Only
few genes are known, so it is still easy to set a consistent genetic nomenclature
system. Here, we present some ideas based on various rules or suggestions
proposed for other species (1,8,9,11,19).
Our purpose is not to enforce an official and "frozen" system but, on the
contrary, to lay some foundations that can and must be debated.
The aims of our proposal are :
(i) Simplicity, clarity and comprehension by workers in other fields of
biology.
CEC /IOBC Symposium /Athens /Nov. 1982
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(ii) Convenience for typing, editing, printing and adaptability to computer
processing. Hence, subscripts, superscripts, upper-case letters, greek letters
are avoided. Symbols are written on the same line and in the same typing
as the rest of the text.
(Hi) Lucid distinction between different loci, between a locus and its different alleles, between different alleles, between symbols representing genotypes
and abbreviation words describing phenotypic properties.
2. SUGGESTED RULES FOR GENE, LOCUS AND ALLELE SYMBOLS
2.1. Gene and locus symbols
A gene and its locus are named by the same symbol. It consists of three
lower case letters (a three letter code is generally easy to pronounce) followed
by an arabic number.
The letters should typically be an abbreviation of the name of the trait
controlled, for part or all, by the gene, that is to say, an abbreviation of
a morphological trait or of an either identified or unidentified protein. In
that latter case we suggest to use the symbol prt.
The number distinguishes different genes having the same symbol for they
control either the same trait or different traits with the same name ; it ranges
from 1 to k and shows :
(i) the gene discovery order in the case of morphological traits,
(ii) the order of increasing mobility on an electrophoretic gel, starting
with the most anodal one, in the case of protein with the same name but
controlled by different genes.
Examples :
ceci is the first identified gene controlling compound eyes color, cec2
is the second one ;
estl, est2 name different loci controlling different esterases, estl is the
most anodal ;
prtl, prt2 name different loci controlling different unidentified proteins,
prtl is the most anodal.
The proposed symbols for published loci are listed in table I.
2.2. Allele symbols
The allele symbol consist of the locus abbreviation followed by a second
parenthetical symbol written on the same line without any space.
When the gene controls a morphological trait, the parenthetical symbol
should be :
(i) one, two or, at the worst, four lower case letters that are typically
an abbreviation of the homozygote phenotype,
(ii) a plus sign (+) for the wild-type allele, when this word means something.
Examples :
cec2(ap) is an allele of the cec2 gene that induces apricot eyes,
cec2(+) is the corresponding wild-type allele.
When the gene is responsible, for part or all, of the structure of a protein
the parenthetical symbol should be :
(i) the percent relative mobility of the electromorph compared with the
most common one,
(ii) the lower case letter "n" followed by an arabic number for amorphs
(negative or null alleles) ; the number insures distinction between different
amorphs of the same gene and shows their discovery order.
Examples :
estS(95), estS(112) are two alleles of the est5 gene,
adhl(nl) is the first null allele found at the adhl locus.
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For brevity and when it is not ambiguous - in the description of crosses
for instance - it is acceptable not to write the locus symbol ; in that case
the allele symbol consists of the only parenthetical abbreviation. However
a statement in the text or as a foot note should state the adopted simplification.
A deliberate feature of our system is that allele designation conveys no
information concerning dominance or recessiveness. These complementary
informations must be written in full in the text.
The proposed symbols for published alleles are listed in table I.
2.3. Allocation of new locus or allele symbols
Two distinct situations arise in the allocation of a new symbol dependent
on whether the new genetic unit is clearly distinguishable from previously
known one or whether it is detected as a result of an improvement in technique
revealing heterogeneity of a previously named genetic unit.
If, in the opinion of the investigator, the genetic unit is a new one, it
should be named in a manner consistent with the established nomenclature
which should insure distinction from similar symbols. The genetic studies of
a new system involve a great availability of reference strains ; consequently
the need for standardization of nomenclature is closely associated with the
need for provision of a source of reference strains.
New genetic units may be recognized as a result of improvements in technique which reveal variations in genetic units previously considered homogeneous. An exemple is the splitting of one "electrophoretic allele" into several
heat-sensitive alleles (2). Under these circumstances the allele symbol previously used becomes ambiguous. Rather than use this symbol arbitrarily for
one of the products of splitting we recommend that the original symbol should
be applied to all the products of splitting but suitably modified by adding,
within the parentheses, an other symbol (numbers or letters) specifying the
new characteristic(s) of the alleles and separated from the previously used
symbol by a semicolon. This insures continuity of nomenclature in the litterature.
For instance, suppose that heat denaturation splits one "electrophoretic
allele" previously named xdhl(96) into two alleles differing by the heat sensitivity of the enzyme, one form is inactivated after a 5mn treatment, the other
is still active after a ISmn treatment. The new allele symbols should be respectively xdhl(96;5)) and xdhl(96;15+) or xdhl(96;ts) and xdhl(96;tr), ts means
thermosensible, tr means thermorésistant.
In the event that the same symbol is used by two laboratories for different
loci or alleles or that different symbols are assigned to the same locus or
allele, the authors concerned are urged to seek mutual agreement about terminology and to publish details of the agreement as soon as possible. We believe
that the symbol with the higher priority is the one a) suggesting the more
easily scored phenotype, b) published first.
3. SUGGESTED RULES FOR GENE MAP
The chromosomal localization of the different identified loci of the medfly
has not been studied yet. When this is made, we propose to show the locus
position by the chromosome number written after the allele symbol or after
the gene symbol when cited alone.
Chromosomes are listed in the following order : 1 (X), Y, 2, 3, 4, 5, 6.
4. SUGGESTED RULES FOR GENOTYPE DESIGNATION
Complete allele sequences must be designated for both homologous chromosomes even when homologous alleles are identical.
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Homologous alleles are written on both sides of a fraction slash.
Alleles belonging to the same linkage group form only one fraction ; the
different alleles are separated by commas ; if necessary the linkage group
number may be written at the end of the fraction slash.
Alleles of different linkage groups form different fraction ; they are separa
ted by semicolons ; if necessary the chromosome number may be written after
the corresponding slash.
5. SUGGESTED RULES FOR PH ENOTYPIC ABBREVIATIONS
To avoid confusion phenotypic characteristics must generally be described
in words. Nevertheless, when phenotypic description requires a long sentence,
abbreviations may be used. In that case we suggest to use the allele symbol
with a capitalized first letter, in inverted commas to insure obvious distinction
from the allele symbol.
For instance "Obsl(ed)" is the phenotypic abbreviation of "male with enlar
ged and dark orbital brisles". H owever, in so doing, a statement in the text
or as a foot note should state what is being done. In any part of a paper where
phenotypic characteristics may appear out of context of the full paper, such
as in the summary or an abstract, then they should appear in full form.
6. SUGGESTED RULES FOR CH ROMOSOMAL ABERRATION ABBREVIATIONS
Though six elementary types of chromosomal aberrations have been observed
in genetic studies of Drosophila (11), only translocations have been observed
in the medfly (13, 15) ; we, however, may anticipate that the other rearran
gements will be identified later on and we may begin to think about their
abbreviations.
6.1. General principle
Chromosomal aberrations are named by listing first the abbreviation of
the type of rearrangement, always in lower case letters, followed parentheti
cally by necessary chromosomal information, such as, participating linkage
group number(s) or affected allele symboKs) instead of the linkage group when
the latter is unknown or when the allele information is more important than
the linkage group one.
6.2. Translocation
Its abbreviation is "tl". No distinction is made in the symbol between simple,
reciprocal and more complex translocations, nor are the involved arms indicated
in the parenthetical chromosomal information. The components of the chromo
somal information are separated by α hyphen.
Examples :
tl(l2) is the symbol of a translocation involving the 1 and 2 chromosomes,
tl(cec2(ap)Y) is the symbol of a translocation involving the Y chromosome
and some undeterminated one carrying the cec2(ap) allele.
6.3. Deficiency
Its abbreviations is "df". When the involved chromosome arm is identified
we shall add this information to the chromosome number. We suggest to add
parenthetically the lower case letters "g" (from "gauche" in french) for the
left arm and "d" (from "droit") for the right arm instead of the conventional
"I" and "r" because "I" looks like 1 (one) too.
Examples :
df(l) is the symbol of a deficiency on the 1 chromosome,
df(lg), df(ld) are respectively the symbols of deficiencies on the left arm
and on the right arm of the 1 chromosome.
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Gene or locus
Controlled
trait
Compound
Eyes color
Compound
Eyes color
Compound
Eyes color
Compound
Eyes color
Orbital bristles
shape
Orbital bristles
number
o

Allele
Symbol
ceci
cec2
cec3
cec4
obsl
obnl

Pupal color

pucl

Pupal color

puc 2

Pupal color

puc3

Cornea

cosi

structure

Esterase 1

estl

Literature

Phenotype

Symbol

Reference

white
wild-type
apricot
wild-type
rubber
wild-type
rosy
wild-type
enlarqed and dark
wild-type
double chaetae
wild-type
dark
wild-type
white
wild-type
niqer
wild-type
reflectionless eye
wild-type

cecl(w)
cecl(+)
cec2(ap)
cec2(+)
cec3(ru)
cec3(+)
cec4(ry)
cec4(+)
obsl(ed)
obsl(+)
obnl fdcj
obnl(+)
pucl (dp)
pucl(+)
puc2(w)
puc2(+)
puc3(nq)
puc(+)
cosl(rl)
cosi M
estl(x)
estl(y)

SHARP and CHAMBERS
(1973)
ROSSLER and KOLTIN
(1976)
CARANTE
(1981)
SAUL
(1982)
CAVICCHI
(1973)
ROSSLER and KOLTIN
(1976)
ROSSLER and KOLTIN
(1976)
ROSSLER
(1979)
CL ADERA
(1981)
CARANTE
(1982)
CLADERA
(1981)

?
?

Table I : Proposed symbols for published loci and alleles of Ceratitis capitata.
7 : we do not know the percent relative mobility of the electromorphs.
N.B. : The symbols quoted above are only examples. The loci and the alleles are accepted as different although the
genetic relationships between them have not been studied in any case. Some of them may be alleles of the same
gene, some "different" loci may be in fact a single locus. In case this might come true, symbols should accordingly
be modified.

6.4.

Duplication
Its abbreviation is "dp". The parenthetical chromosomal information
contains
the chromosome
of origin of the duplicated segment listed first
followed,
after a hyphen, by the recipient chromosome.
When the duplicated
segment
is carried as a free centric element, the letter "f" (free) follows the hyphen
within the parentheses.
Examples :
dp(3-Y) indicates that a duplicated segment of the 3 chromosome
has
become linked to the Y chromosome.
dp(pucKdp)-Y) indicates that a duplicated segment of an unknown chromosome carrying the pucl(dp) allele has become linked to the Y
chromosome,
dp(2-f) names an aberration in which a duplicated segment of the 2 chromosome behaves as a free centric
element.
6.5.

Inversion
Its abbreviation is "in". When the type of inversion will be
determinated
we shall add parenthetically
to the chromosome number some symbol
specifying
this type. We suggest to use an abbreviation of the source of the two ends
of the inversion, i.e. the letters "g" or "d" for paracentric
inversions, the
two letters "gd" for pericentric
inversions.
Examples :
in(2gd) designates a pericentric 2 chromosome
inversion,
in(Xg), in(Xd) or in(lg), in(ld), designate paracentric X (or 1) chromosome
inversions.
7. CONCLUSION
The rules we suggest are only proposals. They are informative
and not
authoritative.
They must be discussed, they may be improved.
It is in the best interest of workers that uniformity of nomenclature
be
achieved as soon as possible. So, we urge that a committee should be appointed
to consider genetic nomenclature of Ceratitis capitata. The need for standardization of nomenclature
is closely associated with the need for provision
of a source of reference samples. The appointed committee should also consider
the feasibility of establishing a reference sample bank.
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Studies on the ADH locus in Ceratitis capitata
M.E.RIVA & A.S.ROBINSON
Insect Genetics Unit, Research Institute ITAL, Wageningen, Netherlands

Summary
The ADH locus is being used to develop a genetic sexing system in the
Mediterranean fruit fly Ceratitis capitata. Two positive alleles that
have a different electrophoretic band pattern were isolated. The males
of one of these two types (FF) were irradiated to induce translocations
that link this locus to the male determining chromosome. Five such
translocations have been isolated and various fitness parameters are
presented.
A second irradiation series is being carried out to induce a null
allele in the ADH locus.
Resume
Le locus ADH a été utilisé pour le développement d'un système de la
séparation génétique du sexe chez la mouche méditerranéenne des fruits.
Deux alleles positifs ayant des patrons de bandes électrophorétiques
différents ont été isolés. Les mâles de l'un de ces deux types (FF)
furent irradiés afin d'induire des trans locations qui servent de lien
entre ce locus et le chromosome Y des miles.
Cinq de ces trans locations ont été isolées et des paramètres d'aptitude ont été présentés.
En ce moment une deuxième séries d'irradiation est en cours dans le
but d'induire un allele zéro dans le locus ADH.
1. INTRODUCTION
The development of a genetic sexing system for the Mediterranean
fruitfly Ceratitis capitata would enable the release of only males in
sterile-insect release programmes (1). This would represent considerable
economical advantages both in the mass production of sterile insects and
as a result of the release (2). One way of producing such a genetic sexing
mechanism is to link, by means of a translocation, a resistant conditional
lethal allele to the male-determining chromosome.
It is well known in Drosophila that ADH (Alcohol dehydrogenase)
positive alleles give resistance to ethanol and that individuals showing no
activity or lacking this enzyme (the so called null mutants (3)) are
poisoned by ethyl alcohol. A genetic sexing system using this locus has
already been developed in Drosophila (h), the males carried a translocation
which linked a positive ADH allele to the male determining chromosome, the
other allele present in the males being a null, this makes them resistant
to ethanol. The females were all homozygous null and thus sensitive to
ethanol. A line of this type is self maintaining as recombination is absent
in males of Drosophila, therefore the positive allele remains linked to the
Y-chromosome.
CEC /IOBCSymposium /Athens /Nov. 1982

1 63

In the Medfly where the genetic information is at a minimum, the
following approach has been chosen: first the identification and isolation
of two positive alleles at the ADH locus; second the isolation of translocations linking one of these positive alleles to the Y-chromosome; third
the induction and isolation of an ADH null mutant and fourth the combination
of the translocation lines with the null line, which would result in a
stable population where males would be heterozygous +/null and females
homozygous null/null. One condition is necessary for this system to work
and that is the absence of recombination in males, so that like in
Drosophila, the translocated positive allele remains linked to the male
determining chromosome. There are differing data (5) on recombination in
males of C_. capitata but it seems that it will not be a problem ( 1 ) if the
genetic sexing system can be developed.
As regards the first step of the approach, preliminary studies (6)
showed the presence of variability at the ADH locus in a population of
Ceratitis capitata from Tenerife, Spain. Two lines have since then been
isolated and are being used for the subsequent experiments.
This report presents data on the induction and isolation of AHD
Y-linked translocations and on some fitness parameters. The method for
inducing and isolating the null mutation is discussed.
2. MATERIALS AHD METHODS
2.1 Rearing
See Robinson and van Heemert 1982 (1)

.,

2.2 Electrophoresis
Servalyt pre-packed gels are used for all the electrophoresis tests.
These gels utilize the principle of isoelectric focussing, whereby molecules are separated depending on their different isoelectric points. The
position of the molecules is determined by the pH at which neutrality is
achieved.
Two different lines (FF and SS) have been isolated and their different
band patterns together with FS can be seen in Fig. 1.

**wfimf '

tiWT**^"
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Θ
Pupae

Adults

SS FS FF

SS FS FF

DD D

O DD i r Θ

Figure 1. Electrophoretic band patterns at the ADH locus in Ceratitis
capitata, a: Photograph of a gel showing different genotypes.
b: schematic representation of all the possible band patterns.
2.3 Induction of Y-ADH linked translocations
FF virgin males were irradiated with 5 krad X-rays and mass mated to
an equal number of SS virgin females. In the F·] progeny females were
discarded and males (FS) were crossed individually to four SS virgin females
(Fig. 2 ) .
5 krad X-rays

Ρ

FFdd χ
SS99 χ FSdd

Fl

SS99 (mass mating)

Ψ

+

Y-FSdd

χ SS99 (

+

+·
66
F

?

FF
FS
1:1

99

FF
:

FS
1:1

66

99

FF
FS
0 : 1

FF
:

FS
1 : 0

Figure 2. Mating scheme for isolation of ADH Y-linked translocations in
Ceratitis capitata.
Six adults per family from the F2 generation were checked electrophoretically and linkage of the ADH genotype and sex was established. If in
some families insufficient F2 adults were produced, these were inbred on the
males outcrossed to SS females again and the progeny examined in subsequent
generations. The families showing linkage of the ADH genotype i.e. all the
males being heterozygous FS and the females homozygous FF were kept.
2.it Fitness of four translocations
These experiments were carried out at 23 °C + 1 °C and 80-90$ RH. The
rest of the conditions being the same as in the other experiments.
The parameters measured are, egg fertility, larval and pupal survival,
developmental time and sex ratio.
For egg fertility eggs were collected from single females and allowed
to hatch for two days and then counted.
For the other parameters, 10 replicates each with 50 first instar
larvae were set up in excess medium and pupation and emergence were recorded
daily.
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3. RESULTS AND DISCUSSION
3.1 Isolation of ΑΡΗ Ylinked translocations
i+22 males of the FF type were irradiated with 5 krad Xrays and then
mass mated to SS females. This cross produced 267 F| males (FS) which were
mated individually to SS females (see Fig. 2 ) .
The total number of Fj progenies examined electrophoretically was 202,
out of which 5 showed complete linkage of the ADH locus with the Ychromo
some. This frequency of translocations (2,1*8$) agrees with other published
data for male linked translocations (1).
3.2 Fitness of four translocations
All the translocations show reduced survival in all stages of
development (Table I ) . A genetic sexing mechanism is more efficient when
the total mortality associated with a translocation is as low as possible
(1). Therefore we can establish a ranking of fitness of the translocations
according to their total survival and percentage of males. This would be
YAPH 11U > YADH 16 > YAPH 225 > YAPH 11. Translocation YAPH 11 It would
be the best choice for use in a genetic sexing system and YADH 11, on the
other hand, would be the most suitable for release as a translocation
heterozygote for population control (1).
Table I. Egg hatch, larval and pupal survival and sex ratio in four ΑΡΗ
Ylinked translocations.
% Survival + S.E.

Sex ratio

Egg
(No replicates)

Larval

Pupal

No 6 χ 2 1:1

F 8

F 10

F 10

F 10

YAPH 11

31,71+ 5,99
(6)

55,00+11,21
(8)

66,85+8,7^
(8)

87

YAPH 16

!*9,11+13,36
(8)

81,60+6,65
(10)

77,51+6,1*1
(10)

171*

3,l*6n.s. 1U1

YADH 11U

61,61+22,50
(6)

81,20+ 7, hh
(10)

81*,70+7,85
(10)

185

0,91n.s. 160

YADH 225

39,01+ 8,30
(7)

70,60+ 7,06
(10)

78,1*6+7,21
(10)
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13,1*3***

108

Control

83,30+ l+,7

89,30

95,30

225

0,0n.s.

256

Generation

No 9

F 10

Translocation
^,57*

61

n.s. non significant
*
significant at the 5? level
*** significant at the 0,1# level.
The different overall mortality associated with the translocation can
also influence the sterilizing irradiation dose and therefore the fitness
of the males that have to be released (7).
During the routine maintenance of the translocations it was observed
that some of them had a longer developmental time than the others. An
experiment was designed to test this. Table II shows the different develop
mental times of larvae and pupae. All the lines had small standard errors
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for the pupal stage.
Table II. Mean developmental times, in days + S.E., of four ADH Y-linked
translocations.
1st instar- pupae mature
adult
larvae

1st instar - adult
<5¿

t

99

Translocation
Y-ADH 11

8,10+0,36 10,11+0,21» 17,35+0,91 (a) 1 " 0,l»0n.s. 17,1» 1+0,88(ab)

Y-ADH 16

7,57+0,25 10,00+0,23 17,22+0,62(a)

Y-ADH 111*

7,36+0,15

Y-ADH 225

7,70+0,30 10,00+0,09 17,25±0,5l»(a)

9,83+0,13 l6,92+0,!»9(b)

2,61**

17,1*1+0,67(a)

1»,56***

17,21+0,67(b)

3,18**

17,5l»+0 ,81 (a)

1. means followed by the same letter are not significantly different from
each other at the 5% level.
n.s. non significant
**
significant at the \% level
*** s i g n i f i c a n t a t the 0,15? l e v e l .
It was also observed that males were always the first to emerge.
Considering the total developmental time (first instar to emergence) males
develop faster than females, this difference being significant in three of
the lines. Comparing the developmental times of males between the translocations, number Y-ADH 111» was significantly faster than all the others.
The differences between females are smaller than between males. This is
expected as the carriers of the translocation are the males. Translocation
Y-ADH 11 has the slowest development followed by numbers 225, 16 and 11U
respectively. There appears to be a correlation between survival and
developmental time (see table I ) . These results suggest that the different
complexity of the translocations is reflected both in the survival and in
the developmental times. Cytological studies have to be done to confirm
this hypothesis.
The total developmental time (two days of egg stage have to be added
to the time of first instar to adult in table II) agrees with the data
presented by Ros (8). In the present case pupal developmental times were
longer than larval developmental times ; conversely in Ros's data larval
times were longer than pupal.
The relationship between larval developmental time, where a greater
variability was observed, and sex ratio is shown in table III. It can be
seen that the first larvae to pupate show in all cases a higher percentage
of males, and this switches to a higher percentage of females in later
pupae. The mortality of the pupae clearly increased with late pupation, the
last pupating larvae never emerge.
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Table III. Relationship between larval developmental time and adult sex
ratio in four ADH Y-linked translocations.
Translocation
Y-ADH 11

Day of
pupation

6

7
8
9
10
11
12
Y-ADH 16

6

7
8
9
10
11
12
Y-ADH 11U

6

7
8
9
10
11
12
Y-ADH 225

6
7
8
9
10
11
12

No.

No.

pupae

males (%)

It
105
1*2
32
12
13
12
_
266
86
32
16
5
3

2

291*

89
12
7
1
1
_
195
96
1*2
il*
1*
2

2 (50,00)
65 (61,90
12 (28,57)

U

3
1
_
IUI
32
1
2

(12,50)
(25,00)
( 7,69)

(53,01)
(37,21)
(

6,25)

(100,0)
161» (55,78)
18 (20,22)
1 ( 8,33)

_
126 (6U.62)
1*0 (»»1,67)
3 ( 7,HO
-

No.

No. Non

females (5)

2 (50,00)
39 (37,11*)
13 (30,95

7

(21,86)

_
102 (38,35)
35 (1*0,70)
1* (12,50)
_
109 (37,07)

U8

(53,93)
3 (25,00)

_
59 (30,26)
1*3 (1*1*,79)

6

-

(11*,29)

emerged (%)

_
1
17
21
9
12
12
_
23
19
28
15
5
3
_
21
23
8
7
1
1

0,00)
9,95)
1*0,1*8)
65,63)
75,00)
92,31)
100,0)
8,65)
22,09)
93,75)
93,75)
100,0)
100,0)
7,1*8)
25,81*)

66,67)
100,0)
100,0)
100,0)

—

10
13
33
11*
1*
2

5,13)
13,51*)
78,57)
100,0)
100,0)
100,0)

3.3 Induction and isolati on of a null mutant
To complete the genetic sexing system, a null mutant is necessary. To
induce such a mutation a second series of irradiation is being carried out.
Lower doses (1 krad X-ray) are used for this induction as both males and
females or even late pupae (2l*-l*8 h before emergence) are irradiated. The
irradiated SS flies are crossed to FF and the progeny reared in larval
medium containing allyl-alcohol. This alcohol is poisonous to positive A D H
flies (all the F F , SS and F S ) and thus if added to the medium in a
percentage that kills a high proportion of them, would increase the probability of finding a heterozygote null ( F N ) . This has half the activity of
an FF individual and would b e at a selective advantage. The surviving Fi
male progeny will b e crossed individually to FF females and once they have
produced eggs, the males will b e checked electrophoretically (see Fig. 3 ) .
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1 krad Xrays

1 krad Xrays

Ρ (mass mating)

SSeJd χ FF99

SS99 χ FFcJd

Fi (individual mating)

(1)
*—1—*.
(2)
FF99 χ FSád
FNcíeJ χ FF99

(1 and 2) test electrophoretically after
(2)
keep the progeny.

crossing

Figure 3. Mating scheme for the identification and isolation of an ADH
null allele in C_. capitata.
If ADH null mutations have been induced they can easily be detected
by electrophoresis in the F| as the FS males have three bands and the FN
would only have one (see figure 1 ) . Until now 1*39 Fi individuals have been
checked electrophoretically but a null allele has not yet been found. When
such a mutant is induced and isolated it can be combined with one of the
translocations already available. The population in which males are YFN and
femals NN can be produced in two generations (Fig. k).
YFSdcJ χ NN99

.J3ì#9

YFNdd χ NN99

+
YFNdd NN99
Figure h. Mating scheme for the production of a stable population of
C_. capitata suitable for automatic sexing.
The isolated translocations have remained stable for eleven generations,
so it appears that recombination will not be a problem for such a genetic
sexing system, as has been pointed out earlier (1) (6). However, one of
them was contaminated probably by a single SS male and has to be reisolated;
data on this translocation is not included in this report.
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Changes at the alcohol dehydrogenase locus oïDacus oleae
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Summary
Natural populations of the olive fruit fly Dacus oleae are poly
morphic for the locus alcohol dehydrogenase (ADH): allele £ (fast)
occurs in frequencies of about 0.4 and allele Ş^ (slow) in 0.6.
A third allele X (intermediate) occurs in frequencies less than
0.01. In laboratory colonies maintained on artificial medium
the frequency of l_ increases to about 0.3 and that of allele S^
decreases to 0.3. This change occurs within 5 generations
implying strong selection at the ADH locus under laboratory condi
tions. This finding provides a measure of the degree of genetic
change that may occur in mass cultures of economically important
insects. Given its low frequency in wild populations the J_ allele
can be used as a genetic marker for released flies. It may also
provide a basis for a sexing technique in Dacus oleae.
Résumé
Les gènes de la déshydrogénase alcoolique (ADH) sont polymorphiques
chez les populations naturelles de la mouche de l'olive Dacus
oleae.
L'allèleF (fast  vite) se présente sous une fréquence d'environ 0,4
et l'allèle S (slow  lent) à 0,6. Un troisième allele I (intermédiai
re) se présente sous une fréquence inférieure à 0,01. Chez les colo
nies, du laboratoire qu'on garde dans un milieu artificiel, la fréquen
ce de I augmente aux environs de 0,3 et celle de l'allèle S diminue à
0,3. Ce changement a lieu après 5 générations et est le résultat d'une
sélection forte au site du gène de l'ADH dans les conditions du labo
ratoire. Ces constatations nous donnent une mesure du degré de change
ment génétique qui peut se présenter dans les cultures en masse des
insectes d'une importance économique. Etant donné que la fréquence de
la population sauvage est basse, l'allèle I peut être utilisée comme
un marqueur génétique pour les mouches destinées à être lâchées dans
la nature. Il peut aussi nous servir comme une base pour la technique
de séparation du sexe chez Dacus
oleae.

INTRODUCTION
A prerequisite for the development of a control method of an insect is
the ability to culture the insect in the laboratory. However, the laborato
ry environment is bound to be different in several important aspects from
the natural environment and this raises a number of questions about the ge
netic changes that may occur in artificially maintained colonies.
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The olive fruit fly Dacus oleae is being cultured artificially in the
Entomology Laboratory of the Nuclear Research Center "Demokritos"in Greece
for the last fifteen years. A recent review of the culture method is given
by Tsitsipis (1977). B riefly, adult flies are kept in 1 x 0 . 3 x 0 . 4 m cages
and females are induced to oviposit on coneshaped layers of cerosin. The
larvae are reared on a synthetic food. Such drastic modifications of the
dietary and reproductive conditions of the insect are expected to select
for behavioral and physiological changes that will best adopt the colony to
its laboratory environment. Most likely, these changes have a genetic basis
and may or may not be related to other adaptations known to occur in D_. oleae
colonies, such as early sexual maturation and reproduction (Economopoulos
et al. 1976, and Zervas 1977) or reduced ability to disperse (Remund et al.
1981).
In recent years there has been an accumulation of information about
the responses of several enzyme variants (allozymes) to varying culture con
ditions in several insects, in particular, in Drosophila (see Hedrick et al.,
1976 for review). Among the enzymes the one mostly studied is alcohol de
hydrogenase (ADH). The variants of ADH were implicated in several respon
ses, such as differential survival on various kinds and amount levels of al
cohols in the food medium, choise of oviposition sites (King et al. 1976,
and Richmond and Gerking 1979) and, possibly dispersal and spatial distri
bution. It appeared, therefore, that the ADH was the most logical choice to
extend the studies at Bush and Kitto (1979) and Tsakas and Zouros (1980) on
genetic differentiation occuring under artificial rearing in £. oleae colo
nies.
This report is based on the data given in Zouros et al. (1982), where
we have discussed the findings from the population genetics point of view
and estimated the magnitudes of selection involved during the first stages
of colonization. Here we concentrate on the significance of these findings
on the quality of the colony and its suitability to provide material for
radiation and release, on the use of the ADH variants as genetic markers,
and on the possibility of developing a sexing technique based on the viabi
lity differentials of flies with different ADH genotypes.
MATERIAL AND METHODS
Four natural populations of D. oleae were sampled by collecting in
fested olive
fruits from the field and recovering adults emerging from
the fruits. The names of the localities of the collections are given in
Figures 1 and 2.
ADH allozymes were scored in f¿. oleae pupae by using starch gel elec
trophoresis. For details regarding the technique see Zouros et al.(1982).
Three variants were distinguished by virtue of different electrophoretic
mobility, and are, labeled Fast (F), Intermediate (I) and Slow (S).
RESULTS
The results are shown in Figures 1 and 2 and can be summarized as fol
lows:
1. All four natural populations appear to be genetically very similar to
each other. They basically contain two alleles, the slow allele (S)
in frequencies 0.6 to 0.7 and the fast allele (F) in frequencies 0.4
to 0.3. A third allele occurs in all populations in frequencies less
than 0.01.
2. Under laboratory conditions the frequency of the rare allele χ increas
ses to about 0.3 within two generations. This is a thirtyfold increase.
3. The increase of the j_ allele does not affect equally the other two
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4.

5.

alleles. The frequency of allele S^ suffers à precipitous decrease,
but allele £ remains unaffected.
The frequency of S^ does not however decrease to zero and the frequency
of 1 does not increase to 100%. Rather a polymorphic equilibrium is
reached within less than ten generations of rearing on artificial me
dium with all three alleles having approximately equal frequencies.
The period of the first two or three generations of artificial rearing
when most of the genetic change at the ADH locus occurs is also cha
racterized by a drastic reduction of the colony's size. The colonies
have negative growth rates during the first two generations followed
by positive growth rates in the subsequent generations.

DISCUSSION
In Zouros et al. (1982) we have argued that these results provide
strong evidence for the operation of selection on the polymorphism of the
enzyme alcohol dehydrogenase, and proceeded to estimate the selective dif
ferentials for the six ADH genotypes under the conditions of artificial
rearing of the insect. The averages of these estimates are as follows:
SS:0.922; 11:0.978; FF:0.964; SI:0.038; SF:0.427 and IF:0.018. These ex
tremely large selection coefficients lead to the conclusion that strong se
lection pressures are brought to bear upon the population immediately after
its introduction in the laboratory. Further work by Economopoulos and Lou
kas (ref. this volume) suggests that the selective force on ADH is exerted
by the larval food medium. These authors find that there is no change in
ADH allele frequencies in the laboratory when the artificial larval food is
replaced by olive fruit. This finding seems to eliminate factors such as
temperature and photocycle regimes or factors related to the state of capti
vity, but it leaves open the possibility of ADHspecific differences in the
female's acceptance of the artificial oviposition surface.
An interesting observation is that the conditions of artificial rear
ing do not lead to the fixation of the favorable allele l_ (or conversely to
the elimination of the disfavored allele SJ, but rather to an equilibrium
with all three alleles in approximately equal frequencies. This clearly
points to heterozygote advantage, as the cited selective coefficients indi
cate. An implication of this observation is that the ADH polymorphism in
nature is also maintained by natural selection. B alancing selection of so
me form is responsible for the ADH polymorphism in both the natural and the
artificial environment; it is only the relative magnitudes of the select
ion coefficients that vary in the two environments.
The fitness vector of the six ADH genotypes are such that at equilibrium
the heterozygotes is very close to its maximum possible value for a three
allele polymosphism (Figure 3). A similar trend, although weaker in degree,
was observed for EstΑ and EstB (Tsakas and Zouros, 1980), the only other
two loci that have been studied in detail in natural and laboratory popula
tions of rj. oleae (Figure 4 ) . The implication is that in laboratory colo
nies the principal drive of natural selection is to increase the frequency
of heterozygosity. This conclusion might appear to be counter intuitive
since the laboratory environment is assumed to be less variable than the
natural environment and thus it should lead to lower levels of genetic va
riation. It also contradicts the experiments of McDonald and Ayala 1974,
and Powell and Wistrand 1978 which demonstrate a positive correlation betwe
en degree of heterozygosity and variation in the culture conditions of Dro
sophila. The contradiction may disappear if we consider that in nature
D. oleae larvae are strictly monophagous, and that females use exclusively
one type of substrate for oviposition (i.e. the olive fruit). It is then
possible that the oviposition and feeding regimes of the artificial rearing

173

are more variable than the ones in the natural environment. Evidence for
or against this hypothesis could come from artificially reared colonies of
other monophagous insects.
The advent of electrophoresis has made it possible to quantify the
genetic distance between populations belonging to taxa of varying degree
of relatedness (Zouros, 1973; Ayala, 1975). A typical set of values resul
ting from such studies is given in Table 1 along with the corresponding
values for wild and laboratory populations of D. oleae. For the ADH locus
the degree of genetic differentiation between the two types of populations
is as high as that found between subspecies in the wil listoni group of Dro
sophila. Thus, few generations of artificial rearing have the same effect
as hundreds of thousands or, perhaps millions of generations of incomplete
sexual isolation. Ones does not expect that all or even most of the fun
ctional genome will be as drastically affected (it can be seen from Table 1
that the effect of artificial rearing on EstΑ or EstB is much milder
than that on ADH). Yet the comparison of genetic distances provides an
appreciation of the magnitude of the genetic differentiation that we may
expect to occur in laboratory or factory reared populations of insects and
the problems of genetic quality associated with it. The single most impor
tant experiment suggested from the present results is to measure larval
viabilities of ADH* containing genotypes on olive fruit and, in general,
obtain information about the performance of these genotypes in the natural
habitat. The availability of a D_. oleae stock containing a genetic variant
not found in appreciable frequencies in natural populations opens the way
for a comprehensive study of the competitiveness of artificially reared
insects with wildcaught flies in the laboratory as well as in the field.
Another possibility that these experiments suggest is to devise a sexing
technique similar to that developed in D_. melanogaster by Robinson and
Van Heemert (1981). This will involve the creation of a stock in which
females will be homozygous for a ADH allele other than I_and males which
will be identical with the females for the autosomal ADH locus but carry
ing, in addition, a translocation of the ADHÎ allele on their Y chromosome.
It will be then easy to obtain an artificial medium in which only ADH*
carrying larvae will survive.
TABLE I.

Average genetic identity (I) and genetic distance (D) between
taxa of various levels of evolutionary divergence in the
Drosophila wil listoni group (A), and between wild and labora
tory populations of Dacus oleae (B).

Taxonomie Level

I

D

Local populations
Subspecies
Semi speci es
Sibling species
Nonsibling species
Β
EsteraseA
EsteraseB
Alcohol dehydrogenase
Mean

0.970
0.795
0.798
0.563
0.352

0.031
0.230
0.226
0.581
1.056

0.825
0.906
0.777
0.836

0.192
0.099
0.252
0.181
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GENERATIONS

FIGURE 1.

The allele frequency changes in two laboratory colonies. The
colonies are named after the locality from which the founder
adults were collected. They were scored in the generations
indicated in the abscissa. The zero generation refers to the
wild (founder) population.

FIGURE 2.

The allele frequency changes in three laboratory colonies. Colonies Eretria and Marathon II were scored for generations zero
(wild populations) and 2; colony Marathon I was scored for generations 180,200 and 212 (see Zouros et al. for details about
this colony).
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FIGURE 3. The change of heterozygosity in laboratory cultures. The
straight line gives the maximum possible value of heterozy
gosity at a locus with three alleles.
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FIGURE 4. The observed heterozygosities at loci EstΑ and EstB in 12
natural and 2 laboratory populations. The maximum possible
value of heterozygosity is also shown calculated as 1  Ln ,
where η is the observed number of alleles.
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Selection at the alcohol dehydrogenase locus of the olive fruit fly under
laboratory rearing: Effect of larval diet and colony temperature
A.P. ECONOMOPOULOS
Demikritos Nuclear Research Centre, Athens, Greece
M.G.LOUKAS
Laboratory of Genetics, Agricultural College of Athens, Greece

Summary
When wild flies were kept on olives for 4 consecutive generations
under constant laboratory conditions (25°C), no frequency change
was detected in the ADH alleles. On the contrary, striking
changes, similar to those already described by Zouros et al.
(Heredity 48:169185, 1982), occurred within 4 generations when
the flies were kept on artificial larval diet. This was true
for flies collected from 2 different localities of different
climatic conditions (Eretria, Tatoi). When wild flies collected
from Eretria were kept on artificial larval diet under 3 different
temperature regimes (17,1725,25°C), the frequency of ADH alleles
changed again strikingly in all cases within 4 generations. The
change in the 25°C flies appeared to occur sooner than in the
other temperatures.
Résumé
Quand on garde des mouches sauvages élevées sur des olives, dans les
conditions du laboratoire (25°C) pendant 4 générations consécutives,
on n'observe aucun changement de la fréquence des alleles de l'ADH.
Au contraire, des changements frappants analogues à ceux décrits par
Zouros et al. (Heredity ţţ%\ 169185, 1982) sont survenus, endéans 4
générations, pour les mouches gardées et élevées dans le milieu arti
ficiel de la larve. Ceci s'est vérifié pour des mouches qu'on a re
cueilli dans deux localités différentes avec des conditions climati
ques différentes (Eretria, Tatoi). Quand les mouches sauvages recueil
lies dans la région d'Eretria sont élevées dans un milieu artificiel
nutritif de larve à 3 températures différentes (17°, 17°25° et 25°C),
la fréquence des alleles de l'ADH change de nouveau d'une manière
frappante, dans tous les cas endéans 4 générations. Il paraît que le
changement chez les mouches à 25°C survient plus tôt qu'aux autres
températures.

1.

INTRODUCTION
The effect of artificial rearing to insect biology and behavior has
been subject to intensive research in the recent years due to drastic alte
rations observed in insects produced under massrearing conditions. The
subject became of paramount importance when it was found that such insects
produced for SIT applications failed to behave as expected in nature. Thus,
in certain instances SIT programs failed because of altered insect behavior
during colonization (2). In the olive fruit fly, Dacus oleae (Gmelin)
(Diptera, Tephritidae), artificially reared flies have been found to differ
in their physiology and behavior from the wild ones (3,4). These
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alterations caused by colonization could be responsible for the negative results of a 2-year SIT application experiment on a small island (1979-80,
Economopoulos et al. unpublished).
In the recent years, electrophoretic studies on gene frequencies of
certain enzymes showed striking changes due to selection processes in the
fly colony (1). Such changes were found to occur within 5 generations only,
suggesting strong selection under artificial rearing conditions (6). In
this work we made a first attempt to evaluate the importance of the different artificial rearing parameters to the drastic changes observed in the
frequencies of alcohol dehydrogenase (ADH) alleles. We studied the effect
of larval diet and colony temperature.
2.

.MATERIALS AND METHODS
For the larval diet experiment, wild flies were picked up as pupae
from infested olive fruits from Eretria and Tatoi at the beginning of December 1981. Approximately 1,000 flies were collected from each locality.
The Eretria olive grove was near the sea-shore on the western coast of Evia
ca. 60 km northeast of Athens. The Tatoi grove was on the first hills of
mount Parnis ca. 25 km north of Athens. Approximately 400 adults were kept
in each successive generation on olives or artificial diet in each of the
two strains (Figs. 1,2). No antibiotic was incorporated in the adult syrup
of flies kept on olives, to avoid any effect on the symbiotic bacteria of
the fly which enable the larva to grow into the olive fruit (5).
For the temperature experiment, wild flies were picked up as pupae
from infested olive fruits from Eretria in the 2nd half of January 1981.
Again, ca. 400 adults were kept in each successive generation on artificial
diet at 3 different temperature regimes, 17, 17-25, and 25°C (Fig. 3 ) . In
the 17-25°C regime, the temperature changed every 1,5 hours by 1°C, the
lowest degree occuring at 2 and the highest at 14 o'clock. A 12 hour L/D
regime was maintained in all experiments with lights turning on at 6:30.
For electrophoresis,the technique described by Zouros et al. (6) was used.
3.

RESULTS AND DISCUSSION
From figures 1 and 2 it becomes apparent that in both olive fly populations, Eretria and Tatoi, the change in ADH allele frequencies was similar in magnitude and speed. It took only 2-3 generations of rearing on artificial larval diet for most of the change to occur, indicating very strong
selection power. There were some differences between the frequencies of
the 3 alleles observed after 4 generations in this study and those observed
in the study by Zouros et al. (6). This could be due to sample size or perhaps sampling period. Nevertheless, the trend and change-pattern was very
similar to the previous study in which flies originating from the same localities were used. The fact that the flies kept on olives in the lab showed no change in the frequencies of the 3 alleles suggest that the antibiotic free adult diet and/or the laboratory environmental conditions did not
affect the frequency of alleles. If we consider that the main differences
between the artificial diet and olive strains were the artificial oviposition substrate (Paraffin domes) the presence of antibiotic in the adult
syrup and the larval diet then we can conclude that the main selection factor is probably the larval diet. This is supported by the fact that whenever wild flies are brought in the lab for colony renewal the most impressive phenomena observed are high mortality at the larval stage and impressively reduced pupal and adult size in the first few generations of colonization, suggesting nutritional deficiencies.
When flies collected from Eretria were kept under exactly the same
conditions in the laboratory on artificial diet but at 3 different
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temperature regimes, the frequencies of the 3 alleles changed again within
34 generations. Nevertheless, the change in the 25°C flies appeared to
occur faster than in the other temperatures. In fact,it took only two ge
nerations for the new allele frequencies to reach equilibrium.
In conclusion, the present experiment confirms that the key selection
power in the olive fly artificial rearing system at "Demokritos is the lar
val diet. Constant, optimum for colony vigor and productivity, temperatu
res appear to accelerate the selection process. It will be interesting to
see whether the larval diet affects also drastically the frequencies of
other polymorphic genes and whether some of these changes or the changes
already observed in the physiology and behavior of the fly could be reduced
or prevented by altering the larval diet.
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Insecticide resistance as a prospective candidate for the genetic sexing
of the Mediterranean fruit fly, Ceratitis capitata (Wied.)
E.BUSCH-PETERSEN*& R.J.WOOD
Department of Zoology, University of Manchester, UK

Summary
The inheritance of dieldrin resistance in third instar larvae of the
Mediterranean fruit fly, Ceratitis capitata, has been briefly outlined
and discussed in relation to the development of a genetic sexing mechanism for this species. Cross-resistance was found to aldrin and
endrin (cyclodienes), malathion (organophosphate), and permethrin
(pyrethroid) with a low cross-tolerance to HCH. A deleterious background effect was shown to be associated with the dieldrin resistance
gene, but ways to eliminate this effect have been suggested. The
potential of dieldrin- and malathion resistance for constructing a
genetic sexing technique has been discussed. Malathion resistance
showed particular promise, but the use of dieldrin may also be possible.

LA RESISTANCE AUX INSECTICIDES - SOLUTION EVENTUELLE POUR LE SEXAGE
GENETIQUE DE LA MOUCHE MEDITERRANEENNE DES FRUITS, CERATITIS CAPITATA
(WIED.)
Résumé
L'hérédité de la résistance à la dieldrine chez la mouche méditerranéenne des fruits, Ceratitis capitata, au troisième stade larvaire,
est brièvement décrite et examinée pour la mise au point d'un mécanisme de sexage génétique chez cette espèce. On a observé une résistance croisée à l'aldrine et l'endrine (cyclodienes), le malathion
(organophosphate) et la permethrine (pyrethroïde), et une faible tolérance croisée à HCH. On a constaté que le gène de la résistance
à la dieldrine provoque un effet général délétère, mais on propose des
moyens d'y remédier. Les possibilités de tirer parti de la résistance à la dieldrine et au malathion pour élaborer une technique génétique sont envisagées. La résistance au malathion se révèle particulièrement prometteuse, mais il est sans doute possible d'utiliser
aussi la dieldrine.
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1.

INTRODUCTION
It can be a problem when mass-rearing and releasing males for
a SIRM programme to decide what to do with the females. Not only does
the presence of females in the pre-release cultures add to the cost
and factory space requirements of such a programme (1,2), but the
released, sterile females may also reduce the effectiveness of the
released males by diverting the attention of the sterile males away
from the native females (3). Advantages of not releasing female
medflies would also include the elimination of sterile stings (3),
the abolition of inadequate and often detrimental marking systems (4),
and the removal of the risk of accidentally releasing fertile females (5)
as recently witnessed in California (6).
The choice of techniques relevant to genetic sexing (7) is rather
limited in the medfly, as no obvious candidate for such a technique
is available in thisspecies (8). However, the suitability of the
medfly as a subject for genetic sexing, has already been established
by Rò'ssler (9), who succeeded in translocating a pupal colour gene (10)
onto the Y-chromosome, resulting in the production of brown male pupae
and black female pupae. The observation that recombination occurred
between the Y-chromosome and the colour locus (4), showed the possible
need to incorporate into future sex-separating systems based on
Y-translocations, a sex-linked inversion inhibiting recombination (11, 12).
However, Robinson and van Heemert (24) have recently isolated Y-linked
translocations in the medfly, which exhibit no apparent recombination.
The approach reported in the present paper has involved the crossing
of strains resistant and susceptible to dieldrin (5) in order to determine the mode of inheritance to this and other insecticides, the
aim being to test the suitability of a particular kind of resistance
for incorporation into a genetic sexing strain.

2.

MATERIALS AND METHODS
A dieldrin resistant strain of C. Capitata (line· 73) was produced from one of our laboratory strains (Southampton, U.K.) by mass
selection on third instar larvae, followed by single pair sib selection.
A dieldrin susceptible strain (line 72/3) was produced from a different
laboratory strain (Costa Rica) by sib selection alone.
Third instar larvae of the dieldrin resistant and susceptible
strains were exposed by an immersion technique to a range of concentrations of the relevant insecticide in a dilute alcoholic suspension
(using a modification of the World Health Organization larval mosquito
test (25)), in lots of 50 larvae per replicate. Two replicates of each
concentration were carried out in the parental and FI generations, and
9 and 6 replicates in each of the two backcrosses using dieldrin and
malathion, respectively. Mortality was scored at the adult stage 4 days
post-emergence.
3.

DIELDRIN RESISTANCE IN THE MEDFLY
Crosses and backcrosses were carried out in order to determine
the inheritance of the resistance mechanism (Figure 1 ) . A comparison
of the response of the two homozygous strains with that of the Fl
(Figure 1) indicated intermediate dominance for resistance.
The expected response of the two backcrosses can be estimated on
the basis of the observed response of the parental and Fl genotypes,
as suggested by Georghiou (13). Dose-mortality lines with only slight
inflections around the 50 % mortality level would be expected for both
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backcrosses (Figure 1 ) , there being a heavy overlap in tolerance to
dieldrin between the Fl and parental genotypes. In contrast to expectation, distinct plateaux were observed in both backcrosses, the
susceptible one being the more pronounced (Figure 1 ) . The observed
tolerance of the hybrid component of the two backcrosses revealed a
strong influence of the resistant background genotype (5), which had
the effect of reducing the tolerance to dieldrin conferred by the major
gene, in a manner proportional to the amount of resistant background
genotype present in the carrier. The same observation was made with
99,7 % HEOD (5) as a substitute for dieldrin flakes.
Attempts to improve the separation of SS and RS genotypes, by
changing the life stage at which the insecticide tests were carried
out (exposure of eggs for 24 hours, or of eggs and larvae in the medium),
proved unsuccessful (5).
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Figure 1  Comparison of calculated (
) logprobit regression lines of
crosses and backcrosses involving the dieldrin susceptible (72/3) and
resistant (73) strains with expected backcross lines (
) in response
to dieldrin flakes.
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Table I
Resitance ratios (L.C.

(RR)/L.C.

(SS)) to

a range of insecticides
Group

Common name

IT

Dieldrin
flakes (96 7. HEOD)

67.6

HEOD (99.7 7.)

62.7

Si

Resistance ratio

t>oc

BH
SCO

""5°

Aldrin
Endrin
HCH

•01H J·
O
T3U

IΡ

Pyrethroid

4.

4.1
4.4
1.8

Malathion
Permethrin

97.7
19.6

TOLERANCE TO OTHER INSECTICIDES

The dieldrin resistant and susceptible strains were subjected
to a range of other chemicals (Table I ) . A low level of cross re
sistance was observed to each of the cyclodiene compounds, aldrin
and endrin, but surprisingly almost none to HCH, although in other
species resistance to cyclodiene compounds and HCH are conferred
by the same mechanism (1420). However, studies on other species:
Musca domestica (14), Anopheles gambiae (21), Cimeχ lectularius (21,15),
that resistance to HCH is invariably much lower than resistance to
dieldrin and aldrin, endrin normally being intermediate. The medfly
differs from the other species in as much as aldrin resistance is no
higher than resistance to endrin. In these other species resistance
to <· and β chlordane can also be high, and it is intended to test
with these particular compounds in the future.
High levels of resistance to malathion (an OP) and moderate
resistance to permethrin (a pyrethroid) were also observed. The
observed presence of plateaux in the susceptible backcross in tests
with malathion suggested monofactorial inheritance of the malathion
resistance mechanism (Figure 2 ) . Whether resistance to all the
compounds tested was due to one gene is not known. Only in Drosphila
has a gene been found to confer cross resistance to cyclodiene as
well as OP (22), although linkage of resistance genes has been
observed in other species (13, 22).
5.

POSSIBLE CANDIDATES FOR THE CONSTRUCTION OF A GENETIC
TECHNIQUE IN THE MEDFLY.
The ultimate aim is to translocate a resistance gene
Ychromosome so that males are YR/5 and females are S/S.
a technique to be effective it is necessary for RS and SS
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Figure 2 - Calculated log-probit regression lines of crosses involving
the dieldrin susceptible (72/3) and -resistant (73) strains in response
to malathion, with actual (
) and expected (
) response to the
backcrosses.
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to be effectively separated by a discriminating dosage of the rele
vant insecticide.
Although a heavy overlap in the tolerance to dieldrin of the
parental (SS) and the Fl (RS) gentoypes was observed, a distinct
separation of these two genotypes in the susceptible backcross was
obtained. An even better separation may be expected if it proves
possible to eliminate the deleterious background associated with
the resistance allele. It is intended to carry out a programme of
several generations of backcrossing of RS to SS, with selection of
hybrid genotypes in each generation,«) remove this background effect.
The possibility of exposing first instar larvae alone will, also
have to be investigated. So far, the first instar larvae have been
exposed only in association with unhatched eggs, and the results
suggest that eggs are more susceptible than larvae to dieldrin, whether
of resitant or susceptible strains.
Another possibility is to use malathion as the genetic sexing
agent. Although the deleterious background, observed in the tests
involving dieldrin, also appeared to affect resistance to malathion,
this was not a major problem in the susceptible backcross. The use
of malathion for genetic sexing would have the added advantage of
enabling releases of such males to be carried out in an integrated
control programme in conjunction with the application of malathion (23).
The released males would, of course, have to be totally sterile.
To rely on the semisterility of a linked translocation to ensure that
the gene could not establish itself in the population, as proposed
by Curtis (23), appears a rather risky chance to take in view of the
possibility of recombination.
6.

CONCLUSIONS
The isolation of a dieldrin resistance gene in the medfly has
revealed two possible approaches to developing a genetic sexing
technique for this insect, on involving the use of dieldrin (at the
first or third larval instar) and the other malathion. Tests with
Λ  or (3chlordane may also prove interesting. The experince of other
workers (9, 24) indicates that the translocation of an autosome onto
the Y chromosome should pose few problems.
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Male-linked translocations in Ceratitis capitata for genetic sexing
and irradiation
ALAN S.ROBINSON & M.E.RIVA
Insect Genetics Unit, Research Institute ITAL, Wageningen, Netherlands

Summary
Male-linked translocation lines showing pupal colour sexual dimorphism
can he used for the genetic sexing of large populations of the Medfly,
Ceratitis capitata. Egg fertility, larval and pupal survival and overall fitness of three such translocations have been measured and a
choice, using these parameters, has been made of which is the most
suitable for irradiation and release. As this line carries a malelinked translocation it shows a reduction in fertility, consequently
a lower dose of radiation is necessary to sterilize males of this line
than is necessary for normal males. Using X-rays, dose-response lines
were obtained for this line and were compared with a normal line.
Utilizing doses giving 95% sterility in both lines initial experiments
have been done on the competitiveness of the irradiated translocation
carrying males. These are equivalent in competitiveness to the
irradiated normal males. With the collaboration of a seed control firm
in The Netherlands experiments have been started on the automatic
sexing of pupae of this line. The experiments were immediately successful and it is hoped that with the use of a specially adapted new
machine pupae can be sorted at a rate of about 10 kg/hour, +_ 1,000,000
pupae.

1. INTRODUCTION
Strains exhibiting sex-linked pupal colour dimorphism together with an
automated sexing device have been suggested (9) as a means of sexing large
numbers of pupae for sterilization and release in insect control programmes.
Rössler (3, k and 5) has pioneered this approach in the Mediterranean fruitfly, Ceratitis capitata, by inducing strains in which the wild-type allele
of a recessive black pupal mutant was translocated to the male-determining
chromosome so that males emerged from wild-type pupae, brown, and females
emerged from black pupae. Maintenance of such lines is simple as each sex
possesses its own specific stable genotype, males have a translocation
between the Y-chromosome and the autosome carrying the wild-type allele of
black pupae, and females have the normal karyotype and are homozygous for
black pupae. The lines only remain stable if crossing-over is absent in the
heterozygous male. Although there is some evidence for a very small amount
of crossing-over in males of this species (6) extensive studies of other
similar Y-linked translocations have not revealed evidence of instability
(2).
Robinson and van Heemert (2) isolated three lines in which the wild
type allele of a recessive white pupae allele (wp) was translocated to the
male-determining chromosome. Several fitness parameters of these three
lines have been studied and one line was chosen for further study of the
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CombiFly concept (Τ). This concept relies on the fact that as such lines
already carry a malelinked translocation, they are therefore semisterile
and will require smaller doses of radiation for full sterilization. Dose
response curves were obtained for the chosen genetic sexing line and initial
experiments were done on the competitiveness of these sterilized males.
The availability of a suitable machine is a prerequisite before these
type of lines can be used in any field trial. Contacts with firms supplying
such machines have been started and initial runs with the line were
extremely encouraging. It is hoped that within a short time field trials
can be undertaken using this genetic sexing line.
2. MATERIALS AMD METHODS
2.1 Strains
+/+ "wildtype"
wp/wp
T23
,
Φιη1

strain of Ceratitis capitata obtained from Vienna
white pupae, obtained from Dr. Rössler, Rehovot,Israel
three translocation lines exhibiting sexlinked pupal
colour dimorphism (2).

2.2 Egg fertility
This is a difficult parameter to measure in Ceratitis capitata for
individual pairs of flies as females can produce an extremely variable
number of unfertilized eggs together with clearly misshapen eggs. To reduce
this difficulty males and females to be tested were maintained as virgins
for 3^ days, they were then placed together in a large cage. Copulating
pairs were then transferred to individual cages. Eggs were collected daily
and the clearly misshapen eggs were removed. The eggs were then counted;
two days later the number of unhatched eggs was counted.
2.3 Larval and pupal survival
100 newly emerged 1st instar larvae were placed in excess medium and
allowed to pupate. The pupae were counted and divided into the· two pupal
colour classes and allowed to emerge. The sex and the number of adults
emerging was noted.
2.1+ Doseresponse curves
Two to three day old males were irradiated with X rays at a dose rate
of 100 rad/min. Egg fertility was measured as described under 2.1 for
individual pairs of flies. For the translocation line the following doses
were used, 1, 2, 3, Ί and 5 krad for the normal line the doses were 1, 2, 3,
h, 5, 7 and 9 krad. For each dose a minimum of 10 pairs of flies was studied
with each female producing in excess of 100 eggs.
2.5 Competitiveness
For the translocation line and the normal line doses giving 95$
sterility were calculated from the doseresponse data. The following
combinations of flies were studied together with the relevant controls.
All combinations were replicated 10 times (i = irradiated, Ν = non
irradiated) .
T23
+/+
+/+
males
males
females
* π /
51
5N
5N
Experimental {
5N
5I
5N
5N
5N
5N
Control
{
5N
5N
5N
5N
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The egg fertility was measured/cage and was based on a sample of at least
500 eggs.
2.6 Rearing conditions
All eggs, larvae, pupae and flies were reared at 28 °C and 70-80?
relative humidity. Occasionally, pupae were stored at 10 °C for periods up
to a week.
3. RESULTS
3.1 Egg fertility and larval and pupal survival
The data for these parameters are shown in Table I. All three translocations showed significantly reduced egg fertility when compared to the
control value or to the wp/wp line. However, they did show differences
between themselves with T23 having the lowest egg hatch ant Tl*9 the highest.
The differences in fertility could be a reflection of the complexity of the
translocation, the more chromosomes are involved the lower the egg hatch.
Cytological studies of these lines have now begun.
Table I. Fertility, larval and pupal survival for three male-linked translocations in the Mediterranean fruitfly, Ceratitis capitata.
wp/wp

+/+
Egg H a t c h 8 U . 9 + 2 . 6 a

a)

T23

Tl+9

T101

82.1^

5^.0+2.7d

8 0 . 6 + 2 . lib

6 6 . l*+3.2c

Larval
Survival

82.8+1.2a

80.1*+3.1*a

1*2.2+3.3c

71.6+1.5b

81.2+2.8a

Pupal
Survival

93.1+0.9b

91.6+1.0b

958.9+7.1d
¿98.7±1.2a

956.3+3.9d
¿93.7+1.9b

979.1*+l*.3c
d90.1*+2.2b

Overall
Fitness

O.65I*

Mean

90.131*
d0.225

90.325
d0.5¡*1

90.1*28
d0.1+87

O.I7U

0.1*33

0.1*57

a) means followed by same letter not significantly different from each
other at the 5% level.
b) this data from a mass cage not included in the analysis.
Significant differences were also recorded in the larval survival with
T23 showing a severely reduced survival more than 50% of the larvae failed
to pupate. It is not clear at which larval instar the lethality was occurring. Pupal survival also showed significant reductions especially if
emergence from male and female pupae was compared. In all three lines the
emergence of the translocation males was high but in T23 and Tl*9 almost
50 percent of the white pupae fail to emerge. The control white pupae line
does not show this effect. A hypothesis involving pseudodominance (8)
coupled with the survival to the late pupal stage of duplication deficiency
zygotes has been used to explain this observation (Robinson in prep.).
By taking the product of survival over the three developmental stages,
an estimate can be arrived at for the overall fitness of males and females
for the three lines. Examination of the mean overall fitness (Table I)
reveals that T101 > Tl*9 > T23; this relationship can be inferred from
population results where the total number of individuals that
were reared at each generation reflected the fitness of the three lines.
As suggested earlier, the low fitness of line T23 could suggest that a
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multiple translocation is involved. The low inherent fertility of this line,
only 17$ of the fertilized zygotes develop successfully to adults, made it
an attractive candidate for further studies as to the effect of radiation
of egg hatch.
3.2 Dose-response curves
The data for the normal and the translocation line are given in Fig. 1

1.00 h

Fig. 1. Effect of radiation on the fertility of +/+·(
males in Ceratitis capitata.
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) and T23 (

)

together with the calculated regression lines fitted to the equation
Y = ae^ x , where a and b are constants, e is the natural logarithm and χ is
the dose. The regression equations were Y = 2.0810.23** (χ) and Y = 2.063
0.352 (χ) for the +/+ and T23 respectively.
There is an appreciable difference in the degree of sterility induced
by radiation for the two lines. The inherent semisterility of the T23 line
can be clearly seen. Full sterilizing doses would be approximately 6 krad
and 9 krad for T23 and +/+ respectively. As 100$ sterility is a difficult
biological parameter to measure, equivalent sterilizing doses at the 95%
level were chosen to assess the competitiveness of the two types of males
at this sterility level. The doses chosen were 3.9 krad and 5.9 krad for
T23 and +/+ males respectively.
3.3 Male competitiveness
The results of the first mating competitive test are shown in Table II.
In general the irradiated translocation line performed well under com
petitive situations but always showed a slightly reduced competitiveness in
comparison with the normal fly. The dose of radiation given to the T23 line
was only 2 krad less than that given to the normal line, this was perhaps
too small a difference to result in any increased competitiveness under the
experimental conditions used.
Table II. Competitiveness of T23 males in comparison with +/+ males when
irradiated with equivalent sterilizing doses.
Mating combination
T23
+/+
+/+
No. of
¿i
<¡<S
99
cages
51
5N
5N
5N

5N
51
5N
5N

5N
5N
5N
5N
5N

10
10
5
5
5

Observed mean
egg hatch/cage

Expected
egg hatch

1*7.5
355
81*.3
95.1
65.O

1*6.6
1*6.6
80.O

Competitiveness of
T23 (+/+ = 1.0)
O.980
0.769
0.91*9

A different picture could emerge if substerilizing doses were used where
the translocation line would have the added advantage that a significant
proportion of the surviving progeny would inherit the translocation and so
show reduced fertility in the F1 generation. Which of these two approaches,
full sterilizing dose v.s. substerilizing dose will be the most effective
will depend very largely on the population dynamics of the population under
control and on the type of programme being undertaken eradication or
suppression. One could ideally choose the irradiation strategy to complement
the goal of the programme.
3.1* Automatic Sexing
In collaboration with Royal Sluis b.v. Enkhuizen, The Netherlands,
initial experiments have been performed on the automatic sexing of large
numbers of pupae from this translocation line using a seed sorting machine.
Excellent results have been obtained with almost 100$ discrimination between
the male and female pupae. In the future with the use of a newer machine it
is foreseen that up to 10 kg of pupae per hour can be sexed. This is
equivalent to 1 million insects.
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1*. DISCUSSION
The results of this work show that there is now available in Ceratitis
capitata firstly an efficient genetic sexing system and secondly translocation males for release from this system. Such males can he released as
translocation heterozygotes (1) or as Combi flies (7),. The choice of the
released strategy will depend on the type of programme being undertaken.
The use of these translocation males for release as sterile males has
the advantage that they need less irradiation for complete sterility than
do normal males, they could therefore have better competitiveness. The
results here described do not support this but this could be related to the
experimental design and further experiments are necessary. The reduced
competitiveness of released males is, however, not only due.to the
radiation dose received but probably more importantly to the type of mass
rearing that is used and much more significant increases in competitiveness
could probably be obtained by improvements in this aspect of the programme.
The genetic sexing technique described here produces male and female
pupae of different colours therefore there is no saving on larval rearing,
economic advantages are only appreciated during radiation and release.
One significant advantage of the release of males only could be the
elimination of fly marking if a trap could be developed which attracted
males and females in equal frequency. The sex ratio distortion observed in
the trap would then represent the overflooding ratio. It is important to
speculate on the significance of this sex ratio distortion in the natural
population, perhaps the released males are more effective in the absence
of released laboratory females or perhaps the large numbers of males in
the population might lead to some confusion among the wild females, a
further possibility is that the released males might disperse better.
Before more time and money is spent on the development of other genetic
sexing systems answers to these questions under field conditions
have to be obtained. It is hoped that within a short time such field
experiments will take place in Hawaii and Italy.
As this is a non-destructive genetic sexing system, large numbers of
female pupae are produced. There are at least two possible uses for these
pupae 1) they could be returned to the colony for colony maintenance or
2) they could be used to rear parasites of the Medfly for release. In the
latter case we can talk of true integrated control!
The three translocation lines described in this report have been
maintained now for up to 20 generations and have shown no evidence of
instability, however, if the populations are expanded up to very large
numbers for release experiments their stability will have to be constantly
observed. The accidental entry of a normal male into the population will
quickly result in destabili zation with the loss of linkage between sex and
pupal colour. The occurrence of genetic crossing over would also lead to
the same result. Rössler (6) has some evidence that there is a very small
amount of crossing over occurring in Medfly males.
The type of sexing system here described with its simplicity and
applicability need not be unique for the Medfly, and it could easily be
applied to many other fruit fly species.
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Studies on mating in the Mediterranean fruit fly, Ceratitis capitata Wied.
D.J.HARRIS, R.J.WOOD & S.E.R.BAILEY
University of Manchester, UK

Summary
Selection programmes for fast and slow mating have been carried out
using a single pair (SP) method and a mass (M) method. At generations Fl6 and F19 of SP selection and FI3, F15, Fl6 and FI7 of M
selection, reciprocal matings were made between fast and slow lines.
From these matings it was evident that in the SP slow line, the
female was less receptive to male courtship and determined the time
to mating whatever the type of male. However, in the M slow line,
it appeared that both sexes were responsible for reduced mating
readiness. In both programmes, the mating activity of the fast
lines did not generally lie outside the range shown by unselected
controls. This suggests unconscious selection for fast mating
during normal laboratory rearing.
Résumé
Des programmes de sélection ont été conduits pour l'accouplement rapide et lent, employant deux méthodes, un couple simple (SP) et un accouplement en masse (M). Pour les générations FI 6 et F19 des sélections SP et F13, F15, F16 et F17 des sélections M, des accouplements
réciproques ont été faits entre les lignées rapides et les lignées
lentes. Ces accouplements ont montré que, pour la lignée lente SP, la
femelle était moins réceptive à la cour du mâle et qu'elle a déterminé
le temps de l'accouplement quel que soit le type du mâle. Cependant,
en ce qui concerne la lignée lente M, il apparaît que les deux sexes
ont montré une diminution de la réponse sexuelle. Dans les deux programmes des lignées rapides, la proportion d'accouplement n'a pas excédé le rang montré par des contrôles qui n'ont pas été sélectionnés.
Cela suggère l'existence d'une sélection "unconscious" pour l'accouplement rapide dans les conditions normales d'élevage en laboratoire.

1.

INTRODUCTION

It has been suggested by Boller et al (1, 2) and Wood et al (3),
that the quality of medflies intended for release might be improved by
laboratory selection, to produce a more effective product for SIT programmes.
There are several behavioural parameters of importance in the field
('t), not least of which is the ability of the released males to court
and copulate successfully with native females. They must produce the
correct olfactory, acoustical and visual stimuli during courtship in
order to be sexually compatible with the wild population (1).
Feron (5) described the male courtship in terms of three stages.
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(i) The male exudes an anal ampoule of pheromone, then lowers this below
the abdomen and (ii) vibrates its wings whilst orientating to the female.
When she has approached to within one to three centimetres, the male (iii)
makes substantial frontward movements of the wings, accompanied by quick
rotary movements of its head. The male then attempts to copulate by
jumping over the head of the female, and turning himself on her back.
Rolli (6) found that sounds were produced at stages (ii) and (iii)
and termed these signal I and signal II. Rüss et al (7) have named the
two kinds of signal the "calling sound" and the "courtship sound" respec
tively. Both authors mention a third sound produced, associated with
copulation. Féron's description has been confirmed in the field by
Prokopy, who adds the observation that males tend to gather in groups
(leks) when attempting to attract the females (8).
The aim of this research has been to assess the potential for
increasing the mating propensity of labreared medfly strains, and also
to analyse courtship behaviour critically in order to understand what
parameters are important in courtship success. The first stage was to
carry out two selection programmes, using different techniques, for both
fast mating and slow mating, and the second to determine the roles of
males and females in the changes produced. The last stage has been to
analyse courtship behaviour using video techniques, an aspect of the
research which is still continuing.
2.

MATERIALS AND METHODS

2.1

Strains
The base stock on which all selection has been carried out was
obtained by crossing two wild type strains originating from fieldcollected
material: Italy (in laboratory generation F23) and Costa Rica (in lab
oratory generation F2?)·
2.2

Rearing
All strains were reared under a ík hour photoperiod (9.10 am 
11.10 pm), at a temperature of 26Ì2°C and relative humidity 80Ì1C#. The
adults were maintained on 1% agar and a yeast¡sugar mix (ratio l:k by
weight). All flies were sexed within Zh hours of eclosión to ensure
virginity for the tests» Adults of the two sexes were maintained separ
ately at a density of 20 flies per 210 ml until testing at 5 days of age.
2„3

Single Pair Selection
60 pairs of flies per day were observed over a minimum of 5 days,
during a 5 hour testperiod from 9·30 am to 2.30 pm. Each pair was con
fined within a polystyrene mating chamber of volume 210 ml. On the after
noon before a test, a female was placed in each chamber provided with food
and water. On the following morning the test males were introduced through
a hole in the lid of each chamber. Mating was scored on visible genital
contact.
2.„h

Mass Selection
Five replicates were tested simultaneously in a one hour test period
from 10.30 am to 11.30 am. Each comprised 25 pairs of flies held in an
l8 cm χ l8 cm χ l8 cm polyester screen cage. The virgin females were
held overnight and 25 males introduced to initiate the test. The test was
based on the standard Quality Control (RAPID) Mating Speed Test (2).
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Table I

Comparison of reciprocal matings between fast and slow lines
for SP and M selection programmes.

MATING
Female χ Male

Single> Pair Selection
(Mean time to mating in. sees.)

Mass Selection
("Mating Index")

SLOW X SLOW

l,lA2 a

23.8 W

SLOW X FAST

1^7ia

^2.5^

FAST X SLOW

306

b

FAST X FAST

285 b

a,b.
w,y.

3.

k3.^
6if.9y

Different letter denotes significant difference at 0.1$ level.
Different letter denotes significant difference at 5% level.

RESULTS

The results of single pair and mass selection procedures are sum
marised in figures 1 and 2 respectively. Each programme has produced one
fast (F) and one slow (S) mating line.
3.1

Single Pair Selection
The slow line was derived from the progeny of those pairs which took
longest to mate within five hours, those taking more than five hours being
discarded; and the fast line was produced from the progeny of the pairs
which took the shortest time, usually less than two minutes. The average
selection pressure over the first ten generations was ZklŞb for the fast
line and 19^3$ for the slow line. The lines are compared with unselected
controls. Due to the skewed nature of the distribution, the data have
beentransformed using natural logarithms (in) (9). A t test on the
regressions of the fast and slow lines shows that they differed signifi
cantly (p<0.00l).
3.2

Mass Selection
In this case the slow line was produced by taking progeny of flies
selected at random from those unmated after one hour, the fast line
being produced from those mating within 10 minutes. If either was not
possible then the slowest or fastest respectively outside these limits
were selected. A selection pressure of 20% was applied in both direc
tions. At least four replicates of each line were tested each generation,
and therefore 20 pairs minimum were selected. An exception was at F8
when there were only enough flies for two replicates in the slow line,
although 20 pairs were still selected. The separation did not occur as
rapidly as with single pair selection. The mating index (MI) was used as
a measure of mating speed (2). The lines were significantly different
from F8 onwards (p<0.00l).
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3·3

Reciprocal Pairings
At generations Fl6 and F19 of single pair selection and FI3, F15,
Fl6 and F17 of mass selection, reciprocal pairings between fast and slow
lines were made. The results are summarised in Table I. It is evident
that the female determined mating speed in the single pair selected lines,
whereas both sexes interacted to determine mating speed in the mass sel
ected lines.
<+.

DISCUSSION

By selection, it has been possible to separate and maintain strains
exhibiting a marked difference in mating activity. However, it can be
noted that the mating responses of the fast lines tend to lie within the
range attainable by normal unselected control flies which had been in the
laboratory for more than 20 generations before the initiation of selection.
This may well imply that laboratory selection for fast mating has occurred
by the normal method of laboratory rearing.
It is not known if a strain selected for high mating, whether con
sciously or unconsciously may be more effective in the field, than one
which has not been selected in this respect. Only field tests will tell
whether this is the case. As knowledge grows on the details of courtship
behaviour it may prove possible to select for behaviour traits conducive
to male courtship success, to be incorporated into strains for release.
In the single pair slow line, selection has acted to produce a
female which is less receptive to male courtship and which thus plays a
decisive role in determining the time to mating. This supports the gen
eral view that the female tends to control the insemination event in
fruit flies ( Ό . A possible approach arising out of the present work,
would be to select for fastmating in males only, by pairing them with
slow females and mating the most successful males with their sisters to
give rise to the next generation. Our experience suggests that this
could not be done for more than four or five generations because of in
breeding effects. From the point of view of quality control it is imp
ortant to note that the single pair selection has apparently not produced
differences in the mating success of fast and slow males. However, in
the mass lines, it seems that selection for slow mating has reduced the
capacity or readiness of. the males to mate. The behavioural basis of the
differences between lines will be reported later.
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An immunological approach to the phylogeny of the Tephritidae
G.BARRIE KITTO
Clayton Foundation Biochemical Institute, University of Texas, Austin, USA

Summary
Insects of the family Tephritidae are of worldwide economic importance
but the origin and age of this family are obscure, as are detailed re
lationships within the family. A biochemical approach to the phylo
geny of the Tephritidae has been undertaken using as a primary tool
the immunological technique of microcomplement fixation (MC'F). MC'F
provides a rapid and effective means for estimating the degree of
amino acid sequence differences between proteins. The enzyme a
glycerophosphate dehydrogenase was chosen for comparisons and has
been purified to homogeneity from representative species of the major
tribes of the Tephritidae. Rabbit antisera have been prepared against
each enzyme. Using MC'F, twoway crossreactions were quantitated
between each enzyme. Oneway crossreactions were also measured with
a number of other Tephritids. These immunological results were
supplemented by a comparison of the amino acid compositions and tryp
tic peptide maps of the purified αglycerophosphate dehydrogenases.
Using these data, combined with information on biological and morpho
logical characteristics, mode of sex determination and geographic
distribution, we have derived a preliminary phylogenetic classifica
tion of the Tephritidae.
Resume
Les insectes de la famille des Tephritidae sont d'une importance éco
nomique mondiale quoique l'origine, l'âge et les relations détaillés
à l'intérieur de cette fami lie demeurent obscurs. Une approche bio
chimique de la phylogénie des Tephritidae a été entreprise en utili
sant comme méthode primordiale, la technique immunologique "micro
complément fixation" (MC'F). Cette technique fournit une méthode rapi
de et effective pour estimer le degré et les différences des séquences
d'acides aminés parmi les protéines. L'enzyme aglycérophosphate dehy
drogenase a été choisie à titre de comparaison et a été purifiée jus
quà l'homogénéité à partir d'espèces représentatives des principales
tribus de Tephritidae. Des antisera de lapin ont été préparés contre
chaque enzyme. En utilisant la technique du MC'F, les réactions de
croisement réciproque ont été évaluées entre ces enzymes. Seule des
réactions simples de croisement ont aussi été mesurées avec un nombre
d'autres Tephritids. Ces résultats d'immunologie ont été complétés
par une comparaison des compositions en acides aminés et des cartes de
peptides tryptiques d'aglycérophosphate dehydrogenases. Ces résultats,
combinés avec l'information sur les caractéristiques biologiques et
morphologiques permettant de déterminer le sexe et la répartition géo
graphique, nous ont permis de définir une classification phylogénéti
que préliminaire des Tephritidae.
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1.

INTRODUCTION

It is a truism to say that, in the control of insect pests, it is
important to know and understand the prey. But this is often no easy
matter. In the case of the Tephritid fruit flies, which are of worldwide
concern because of the damage they cause to crops, the relationships within
this family are very poorly understood. The fossil record is of little help
in establishing phylogenetic relationships since only two species are re
presented. The extremely nonconservative nature of morphological evolu
tion in the Tephritids has also made relationships difficult to establish.
There is extensive morphological differentiation in such features as wing
pattern, thoracic and abdominal color pattern, bristle position and morph
ology, head shape and head ornamentation. It is often difficult to detect
convergent and parallel evolution and the rates of morphological evolution
appear highly variable.
Although biochemical techniques have been relatively little used in
insect systematics, they offer considerable advantages since most biochemi
cal evolution is divergent and proceeds at a more regular rate than
morphological evolution (1,2).
2.

BIOCHEMICAL SYSTEMATICS

Of the varied biochemical techniques available for systematic studies
we have chosen, as a primary tool, the immunological procedure of micro
complement fixation (MC'F) supplemented by protein structural analyses
involving amino acid compositions and tryptic peptide mapping (3). The
general MC'F procedure is illustrated in Figure 1. Basically, our proce
dure involves the production of polyclonal antibodies directed against a
specific protein from representative species of Tephritids and then the
quantitative measurement of the degree of immunological crossreactivity
between these proteins. For phylogenetic purposes the MC'F procedure has
several advantages over other immunological techniques. Most importantly,
there is an excellent correlation between the MC'F measurement and the
degree of sequence difference between the proteins compared, up to approxi
mately 30% sequence difference (1). The test is also highly discriminatory,
being able to detect even single amino acid substitutions (4,5). MC'F is
also very sparing of both the specific proteins to be examined and of anti
body. Disadvantages of the MC'F technique are that the type and actual
location of the amino acid sequence differences cannot be determined and
that proteins that differ by more than 3040% in sequence cannot be
reasonable compared. Within these limitations the MC'F procedure appears
to be an excellent probe for establishing the systematic relationships of
the Tephritidae.
The protein we have chosen for our immunological comparisons is the
enzyme αglycerophosphate dehydrogenase (aGPDH). This enzyme was selected
for several reasons. It is ubiquitous and present in relatively large
quantities in the wing muscles of Tephritids, where it plays a vital role
in the flight metabolism of these insects as part of the "αglycerophos
phate shunt" (Figure 2 ) . It is also important that previous electropho
retic studies by Guy L. Bush and his colleagues had established that a
GPDH is essentially monomorphic in most Tephritid species. aGPDH is a
slowly evolving enzyme in insects, enabling us to test the crossreactivity
of the enzyme from a broad variety of species (6).
3.

RESULTS AND DISCUSSION
The species shown in Table I were chosen as typical representatives of
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the subfamilies of the Tephritidae and IK melanogaster, the screwworm fly,
Cochliomyia hominivorax and the Otitid Ephydra cinera were selected as
representative of species outside the family. We purified to homogeneity
the aGPDHs from each of these insects using a combination of salt frac
tionation, gel filtration, ion exchange and affinity chromatography. The
purified enzymes were used to elicit high affinity rabbit antibodies using
a threemonth injection schedule. These antibodies were then used in an
extensive series of comparisons utilizing the MC'F procedure. A typical
set of results, showing crossreactions of the antibody to the aGPDH of the
Caribbean fruit fly Anastrepha suspensa, is shown in Table II. These re
sults are in general agreement with classifications of the Tephritidae
based on nonbiochemical criteria. For example, the crossreactions of anti
A. suspensa αGPDH with a variety of Rhagoletis species aGPDHs cluster at
a moderate immunological distance and give us confidence that the MC'F
technique can be used to carry out studies of phylogenetic relationships
at the familial and tribal levels.
While our full set of immunological comparisons of the Tephritidae
involving not only reciprocal crossreactions between the species shown in
Table I but also including a variety of oneway crossreactions with other
Tephritid species is not yet complete, some interesting data have already
emerged. One example is the strong degree of immunological similarity
between the aGPDHs of Anastrepha suspensa and the papaya fruit fly Toxo
trypana curvicauda, as indicated by antibodies to either enzyme. These
flies are morphologically very dissimilar and have classically been placed
in different subfamilies, Toxotrypana in the Dacini and Anastrepha in the
Trypetinae (7). Toxotrypana curvicauda is presently classified as the
only New World representative of the Dacinae. It is possible that this
classification has resulted from morphological convergence. Before we can
make any more definitive conclusions regarding these species from our
immunological studies, it will be necessary to carry out further cross
reactions with a variety of antisera directed against other Tephritid
aGPDHs.
We have supplemented our immunological studies with comparisons of the
amino acid compositions of the purified enzymes. The statistical procedure
of Marchalonis and Weltman was used to estimate the degree of sequence
resemblance between the aGPDHs, as shown in Table III (8). Using this
method, related proteins tend to form clusters which are characterized by
differences of less than 100 SAQ units. Again, though full analysis of
these data is incomplete, it is noteworthy that the aGPDHs of Anastrepha
and Toxotrypana are closely related by this procedure.
Our comparisons of the Tephritid aGPDHs have been extended by an
examination of the tryptic peptides of these enzymes. This procedure
involves treatment of the proteins by the proteolytic enzyme trypsin,
which cleaves at lysine and arginine residues, and subsequent separation
of the resulting fragments by high performance liquid chromatography (HPLC).
Differences in the location of lysine and arginine residues in the aGPDHs
of different species result in fragments of differing size and charge,
Typical peptide separations are shown in Figure 3, By this procedure, too,
the aGPDHs of Anastrepha and Toxotrypana bear a close resemblance.
Using the data we have to date from the three biochemical methods,
together with biogeographic data, as well as information on séx determining
mechanism and hostplant relationships, we have developed the provisional
scheme for the relationships for the subfamilies of the Tephritidae shown
in Figure 4. It should be noted that this scheme is preliminary and should
be viewed with caution. As we extend and complete our studies, we expect
that they will provide a more accurate estimate of genetic distances
between taxa of the Tephritidae with which to construct a phylogenetic tree
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and also to provide an evolutionary clock for establishing approximate
times of divergence. These studies should also yield information bearing
on questions of the evolution of hostplant usage and the development of
sexdetermining mechanisms in these flies.
4.

CONCLUSION

For insect pest management to be successful we need to know a great
deal more than the relationships on the insects involved and their general
biology. Such factors as a knowledge of predators, parasites and host
plants and animals, together with a thorough understanding of the general
ecology of the area where the problem exists can be of crucial importance.
Far too often control programs have been initiated with abysmally poor
knowledge of the insect pest concerned and have doomed such programs to a
chaotic series of catchup measures. We are beginning to see increasing
interaction and cooperation between basic and applied scientists to combat
these problems, as indeed witnessed by this conference, and we look forward
to a continuation of that dialogue.
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TABLE I
TEPHRITID a-GPDHs USED FOR ANTIBODY PRODUCTION
Subfamily

Tribe

Genus

Species

Dacinae

Daeini

Dacus
Toxotrypana

dorsalis
curvicauda

Trypetinae

Trypetini

Anastrepha
Ceratitis

suspensa
capitata

Terrelinae

Terralini

Orellia

palposa

Aciurinae

Aciurini

Aciurina

trixa

Tephritinae

Ditrichini
Tephritini

Paracantha
Euresta

culta
festiva

Schistopterini

Schisopterini

Rhabdochaeta

sp

Oedaspinae

Oedaspini
Urophorini

Procediocharis
Urophora

australis
affinis

TABLE II
CROSSREACTIONS OF ANTI-ANASTREPHA SUSPENSA ct-GPDH
Species

Tribe

Toxotrypana curvicauda

Dacini

2.2

Dacus dorsalis

Dacini

25.5

Immunological Distance

Ceratitis capitata

Ceratitini

22.6

Rhagoletis pommonella

Trypetini

16.9

Rhagoletis tabellari a

Trypetini

15.7

Rhagoletis cerasi

Trypetini

16.5

Rhagoletis cingulata

Trypetini

10.8

Rhagoletis suavis

Trypetini

20.9

Urophora affinis (Germany)

Urophorini

24.7

Urophora sp. (Canada )

Urophorini

24.4

Paracantha culta

Ditrichini

20.9

Eutreta diana

Ditrichini

22.3

Orellia palposa

Terrelini

17.8

Euresta solidaginis

Tephretini

21.0

Cochliomyia hominivorax

51.6

Drosophila melanogaster

49.8

207

TABLE I I I
A COMPARISON OF AMINO ACID COMPOSITIONS OF TEPHRITID AND OTHER aGPDHs

λ. t r i χ·

to
o
oo

0.00

Rabbit nişele

50.24

0.00

A. suspensa

38.15

25.07

0.00

P. culta

42.42

55.52

26.55

0.00

C. capitata

24.98

46.34

13.11

15.60

0.00

D. dorsal Is

31.50

46.6B

24.71

39.42

25.58

0.00

T. curvlcauda

37.56

32.62

11.49

26.68

16.46

38.50

0.00

E. diana "a"

35.57

80.67

70.66

73.55

53.53

65.68

53.19

0.00

E. diana "c"

35.35

90.88

78.49

59.54

52.86

81.36

51.04

13.17

0.00

C. hORilnlvorax FF 32.68

42.72

13.47

36.12

20.84

27.12

17.24

62.51

68.50

0.00

C. homlnlvorax SS 41.6B

32.76

10.35

39.92

25.96

18.86

20.44

68.52

88.62

8.73

0.00

C. capitata*

34.97

46.39

13.66

20.27

13.89

22.55

18.15

70.08

64.37

8.00

11.05

0.00

A. mill 1 fEra

71.82

72.18

38.91

39.38

32.80

65.24

32.98

113.17

89.02

35.82

42.24

22.81

0.00

V. vulgaris

42.41

39.91

21.56

35.85

20.15

47.11

12.79

72.22

62.95

17.67

26.53

15.02

14.21

0.00

Β. nevadensls

47.87

45.61

26.05

27.98

20.75

42.60

23.38

86.17

71.26

28.36

26.3B

17.41

10.08

10.75

0.00

Rabbit muscle

56.02

11.10

23.86

45.06

35.44

49.44

32.42

83.11

88.08

45.08

36.38

40.45

49.50

25.93

24.84

0.00

P. suckleyl

55.97

51.04

31.31

35.66

27.12

53.12

26.06

97.90

82.10

33.38

35.46

22.11

8.80

11.43

1.36

31.27

B. apposftus

51.12

52.26

2B.89

27.80

21.22

49.94

23.86

90.67

75.52

32.16

35.04

18.92

6.48

9.83

0.90

31.70

1.18

0.00

D. melanogaster

3β.9β

30.88

15.77

35.90

45.87

52.34

18.51

78.17

67.28

26.04

27.82

29.35

37.48

25.73

20.34

27.84

26.20

26.28

0.00

Rat pusele

48.85

36.51

23.35

16.04

17.01

38.86

15.77

57.89

55.58

34.34

33.32

22.49

28.48

17.85

16.90

16.98

22.70

18.52

28.02

0.00

yellow Jacket

40.44

40.54

22.65

37.22

20.66

46.30

13.47

68.23

60.64

18.10

26.82

15.05

11.32

0.40

10.72

27.26

8.70

10.34

26.33

19.36

0.00

Chicken Muscle

50. OS

23.92

24.31

30.56

21.34

37.38

30.93

81.23

76.30

39.28

16.4a

29.20

42.06

26.23

19.36

8.80

23.86

16.44

29.74

14.40

26.16

0.00

Chicken Hver

64.61

42.71

34.24

39.59

31.87

54.73

45.07

96.60

86.19

35.38

44.87

25.62

33.53

19.16

20.05

25.43

23.87

22.09

39.37

24.01

19.15

13.95
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The data given are the SAQ values determined from the compositions procedure by Marchalonis and Weltman (8).
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FIGURE 1^ Diagrams illustrating the basic features of the micro
complement fixation (MC'F) procedure. (A) When a specific protein (Protein
A) and its antibody are incubated with complement, large aggregates are
formed leaving only a small excess of complement. (B) When an orthologous
protein from another species (Protein B) is substituted for protein A, it
interacts less well with antibody and complement and forms smaller aggre
gates. A large excess of complement therefore remains. (C) Illustrates
the measurement of the amount of residual complement by addition of
sensitized red blood cells. The amount of hemoglobin released into the
solution from lysed cells is measured spectrophotometrically and is
inversely proportional to the amount of complement fixed in the antigen
antibodycomplement complexes.
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Carbohydrate

-*■ Pyruvate

Glyceraldehyde
3-phosphate

CO,

NAD*

CYTOPLASM

Glycerol 3phosphate

Dihydroxaycetone
phosphate
,1

(GDH)
Oihydroxyacetone
phosphate

Glycerol 3phosphate

MITOCHONDRION

FIGURE 2.
The glycerophosphate shunt, in which a-GDH plays a major
role, serves to transport electrons across the mitochondrial membrane in
the flight muscles of Tephritidae.

25
20
IS
TIME (minuit·)

FIGURE 2· Separation of the tryptic peptides of Tephritid a-GPD Hs
by high performance liquid chromatography. A: Anastrepha suspensa;
Β: Toxotrypana curvicauda and C: Eutreta diana. The peptides were
separated on a C-18 uBondapack column at a flow rate of 2 ml/min using a
gradient from 0-60% acetonitrile against 0.1% H3PO4 in water. The column
was monitored at 215 nm.
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Provisional Relationships Among Subfamilies of Tephrilidae
Based on a-GPD

Composiloe
Infesting

Asleridae
Infesting

Fruit
Infesting

—TEPHRITIOAE —
-TEPHRITOIOEA— !

90my
HcfXY

• DROSOPHILIDAE

FIGURE ţ ţ _. A provisional scheme for the relationships among families
of the Tephritidae. The time scale is based on a unit evolutionary
period for a-GPDH of 20 million years.
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Aspects of DNA synthesis in cells and embryos of
medfly (Ceratitis capitata Wied.) *
R.CAVALLORO
Commission of the European Communities, Joint Research Centre, Ispra, Italy
A.I.SCOVASSI & U.BERTAZZONI
National Res. Council, Inst. Biochemical & Evolutionary Genetics, Pavia, Italy

Summary
We have analyzed the DNA polymerase activities in cultured cells and
embryos of Ceratitis capitata Wied. and we have observed that the
three eukaryotic polymerasesα ,ß and  γ were detectable in crude
extracts. However the activity responding to polymeraseβ did not
correspond to a true DNA polymerase β upon subsequent sedimentation
and purification procedures. Our studies with aphidicolin, the speci
fic inhibitor of polymeraseα, indicate that cultured Medfly cells
show an arrest in cellular growth at much higher concentration of
the drug than that observed for other eukaryotic cells. This is
reflected also by a decreased sensitivity to aphidicolin of DNA
polymeraseα purified from Medfly embryos.

Resume
Les activités des ADN polymerases ont été analysées dans des cellules
en culture et des embryons de Ceratitis
capitata
Wied. Ces observations
ont montré que les 3 ADN polymerases eucaryotes a, β et γ sont présen
tes dans les extraits bruts. Cependant l'activité répondant â la poly
merases ne correspond pas à une vraie ADN polymerase β après le pro
cessus de sédimentation et de purification. Nos études avec l'aphidi
coline, inhibiteur spécifique de la polymérasea, montrent que les
c.ellules de la Mouche méditerranéenne des fruits ne mettent en éviden
ce un arrêt dans la croissance qu'à des concentrations bien plus éle
vées de ce produit que celles observées pour d'autres cellules euca
ryotes. Ceci est également confirmé par une diminution de sensibilité
à l'aphidicoline de l'ADN polymerase« purifiée à partir d'embryons de

Ceratitis

capitata.

* Contribution no. BIO1946 of the Biology, Radiation protection
Medical Research programme of the G.D. XII of the C.E.C.

CEC/IOBC Symposium /Athens /Nov. 1982

21 2

and

1. INTRODUCTION
The establishment of cultured cell lines from eukaryotic organisms
has offered the unique opportunities of studying different biological
phenomena both in vivo and in vitro, of following numbers of generations
in a short period of time and of correlating biochemical, genetical and
physiological observations.
At the Ispra Joint Research Centre, a cell line from Ceratitis capi
tata Wied. embryos was obtained and stabilized with a cellular cycle of
22 hours (1). This material has already been used for studying different
biological aspects (2, 3 ) .
We are reporting here about the biochemical characterization of the
DNA polymerases present in these cultured cells and in embryos. The pre
sence of multiple DNA polymerases, named α , 0 and γ , is well establish
ed in vertebrate organisms and many lines of evidence indicate that poly
merase a is involved in the replication of chromosomal DNA, polymerase
ß in the DNA repair process and polymeraseγ
in the replication of
mitochondrial DNA. Phylogenetic investigations have traced the presence
of an
αlike DNA polymerase in all different eukaryotic organisms,
whereas a
βlike DNA polymerase has been found in all multicellular
metazoans but it is absent in freeliving protozoans and in plants (4). A
notable exception to this evolutionary scheme (see table I) is the report
that DNA polymerase S is absent in insect embryos, notably in Drosophila
melanogaster (Meig.) (5). DNA polymerase γ, though less studied, is
present in the mitochondria of all enzymatic organisms so far tested.
From our studies it appears that, although all the three different
DNA polymerases are measurable in crude extracts, the subsequent purifica
tion of these enzymes revealed that their properties differ considerably
from other animal DNA polymerases.
2. MATERIALS AND METHODS
Medfly cells were obtained from the line CEC CC 130 established in
vitro according to Cavalloro (1) and Medfly embryos were collected at
different times after fertilization
from a permanent massrearing system
(6).
Aphidicolin was provided by Imperial Chemical Industries, Maccles
field; ( H)nucleoside and nucleotides were obtained from Radiochemical
Centre, Amersham. GF/C glass faber discs, were obtained from Whatman,
Maidstone.
2.1 Preparation of extracts
Medfly cells and embryos were resuspended in 3 vol of 0.25 M potas
sium phosphate pH 7.5, 1 mM mercaptoethanol, 4 mM EDTA, 1 mM Phenylmethyl
sulfonylfluoride, 10 mM NaHSO
and 1.5>uM pepstatin. The suspension was
sonicated 2 times for 20 sec each at 20 mA and centrifuged at 40,000 RPM
for 45 min at 2°C in a Spinco type 50 rotor. The pellet was discarded and
the supernatant used as extract.
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Table I. PHYLOGENY OF EUKARYOTIC DNA POLYMERASES

Phyla

Classes

Vertebrates

Mammals
Birds
Reptiles
Amphibians
Fishes
Insects (embryos)
(adults)
Crustaceans
Echinoids
Cephalopods
Hydrozoas
Turbellarians
Sponges
Ciliates
Flagellates (free living)
(parasitic)
Ascomycetes
Monocotyledones

Arthropods

Echinoderms
Mollusks
Coelenterates
Platyhelminths
Porifera
Protozoa

Thallophytes
Spermaphytes

α-like
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

B-:
+
+
+
+
+

+
+
+
+
+
+
+

+

-

γ-like

2.2 DNA polymerase assays
Analysis of DNA polymerases α , (5 and γ in extracts and in sucrose
gradients was performed as previously described (7). One unit corresponds
to the amount of enzyme causing the incorporation of 1 nmol of total nu
cleotides in 60 min at 37°C.
2.3 Sedimentation analysis
0.25 ml of C. capitata extract were layered onto a 5 ml linear
gradient (1025% w/w) in 0.5 M NaCl, 25 mM Tris HCl pH 8.0, 2 mM EDTA, 5
mM mercaptethanol and 1 mM phenylmethylsulfonylfluoride. After centrifuga
tion at 2°C for 18 h at 45,000 rev/min in a Spinco SW 50.1 rotor, the
gradients were fractionated from the bottom of tubes.
2.4 Determination of DNA synthesis rate
The rate of DNA synthesis was measured by assaying the incorporation
of thymidine in cultured cells. Each sample contained 1x10 cells in 2 ml
of Schields and Sang medium (8) and was incubated at 26°C with 100 AiCi of
( H) thymidine. At different time intervals, aliquots of the cell suspen
sions were collected on GF/C glass fiber discs, washed 3 times with cold
5% trichloroacetic, 2 times with ethanol, dried and counted in liquid
scintillation counter.
Aphidicolin, when used, was added directly to the culture medium
before the addition of thymidine.
3. RESULTS
We have measured the levels of the DNA polymerases during the life
cycle of the C. capitata embryos and the results are reported in Fig. 1.
It appears that· the main activity responded to the α assay and reached
its maximum at 6 hours after eggfertilization, in coincidence with the
highest proliferation rate in embryogenesis (1). The DNA polymerase
responding to the γassay, though representing a minor activity, showed
a notable increase at late times of fertilization, when the process of
cell differentiation is already under way. The presence of an activity
responding to the assay of polymerase Β was also evident and its varia
tions showed a strict correlation with that observed for the
αlike
enzyme.
Since the DNA polymerase β is lacking in D. melanogaster embryos
(5), we have further investigated its nature by assaying cultured Medfly
cell extracts and analysing its structure and biochemical properties af
ter purification from embryos. The distribution of the three DNA polyme
rases in cultured cell extracts is very close to that obtained in embryos
and accounted to the
αlike and
ßlike DNA polymerases for about 80%
and 20% of the total polymerizing activity, respectively, whereas the
γ like activity represented approximately 1% of the total DNA poly
merases (9).
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However, a subsequent fractionation of the extracts upon sucrose
density gradient centrifugation (Fig. 2) showed that only two melecular
types of enzymes were recovered: a major peak of DNA polymerase o
sedimenting at 7S and a minor peak of DNA polymerase γ sedimenting at 9S.
To obtain more information about the biochemical properties and
structure of the principal DNA polymerizing activity of Medfly cells, we
have studied the effect of aphidicolin, a tetracyclic antibiotic which is
a specific inhibitor of DNA polymerase α (10), on Medfly cells and on
DNA polymerase a purified starting from embryos (9). The concentration
of the drug causing 50% reduction in DNA synthesis rate of cultured cells
was lOOyug/ml (see table II), that is about 100 times higher than that
usually found in mammalian cells (11). Also the sensitivity of the
purified Medfly DNA polymerase a to aphidicolin, measured in vitro with
increasing concentrations of the drug (9), resulted to be one order of
magnitude lower than that reported for mammalian DNA polymerase α (12).
Table II. EFFECT OF APHIDICOLIN ON THYMIDINE INCORPORATION BY MEDFLY
CULTURED CELLS AT DIFFERENT TIMES AFTER INCUBATION (the data
refer to the counts/min of ( H)thymidine incorporated by
each sample incubated and processed as described in Materials
and Mehods).
Aphidicolin
concentration
( Aig/ml)
Control
(no addition)

Incubation times (hours)

1.5

3

6

12

22

733

1536

3089

4669

5431

12.5

739

1857

2654

4560

4843

25

788

2377

2978

4052

4829

50

605

1485

2294

3674

4449

75

721

1957

3194

5481

4966

100

437

736

1335

2766

2548

4. CONCLUSIONS
Our studies on cultured cells and embryos of Ç. capitata indicate
that all three DNA polymerase activities responding to the o , β 
and γassays were detectable in crude extracts. However, the putative
polymerase β activity did not correspond to a true DNA polymerase ß
after sucrose gradient sedimentation and purification analysis. The
principal DNA polymerase presented the properties of polymerase α but
the inhibitory effect of aphidicolin on its activity was obtained at a
ten times higher concentration than that found for all other DNA poly
merases α so far tested. We have also observed that the concentration
of aphidicolin causing an arrest of Medfly cells to proliferate is 100
times higher than that needed in mammalian and plant systems.
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These observations suggest that the insect embryos represent a ra
ther peculiar system in the development of the DNA replication machinery
since they are devoid of a true DNA polymerase ß and could present a DNA
polymerase α altered in the sensitivity to aphidicolin.
It appears therefore that Medfly cells and embryos provide a very
interesting system for studying different aspects of DNA synthesis includ
ing experiments with purified enzymes and investigations with intact
cells.
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Réponse de Ceratitis capitata Wied. (Diptera: Trypetidae)
au diflubenzuron
C.SANTIAGO-ALVAREZ & M.J.SARASUA
Departamento de Entomologia Agricola ETSI Agrónomos, Madrid, Spain

Summary
When treating last instar larvae of Ceratitis capitata with DFB by
immersion, larval mortality and deformed pupae, related to the dose
were observed. Between the emerged adults fecundity and eggs hatchability were reduced.
DFB ingested by adults produce irreversible reduction in the fecundity only if the females ingest DFB during the first day after adult
emergence, This reduction is related to disorders in the endocuticular layer that impair the evagination of the ovipositor.
Also hatchability was reduced on eggs layd by treated females. The
effect, that is reversible, could be obtained by DFB ingestion,
before or after oviposition starts. Direct application of DFB on
eggs produce the same effect.
After egg hatch a few larve died but between the survivals no
effects could be recorded on pupation, adult emergence and reproduction.

Resume
L'application du DFB au dernier stade larvaire de Ceratitis capitata
produit une mortalité larvaire et une apparition de pupes malformees
qui sont en relation directe avec la dose. La fécondité des adultes
survivants et 1'eclosión des oeufs sont réduites.
Quand le produit est administré per os aux adultes, les effets dépendent du moment de l'ingestion. Cri observe une réduction de la
fécondité que si les femelles ont absorbé le produit pendant le
premier jour après l'émergence.
Cet effet, irréversible, est lié à un affaiblissement du tégument
dû à l'interférence du DFB avec la déposition de l'endocuticule,
qui entrave le mécanisme de ponte. On obtient aussi une réduction de
1'eclosión des oeufs pondus par les femelles traitées. Cette réduction ne dépend pas du moment de l'ingestion mais est réversible.
Après 1'eclosión, on observe une légère mortalité larvaire, mais à
partir de la pupation, il n'y a plus d'effet sur l'émergence d'adultes ni sur le potentiel reproducteur de cette nouvelle génération.
On obtient aussi la réduction de 1'eclosión des oeufs par application directe.
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INTRODUCTION
A l'action larvicide par ingestion du DFB par les larves d'insectes
holométaboles signalé au début (Mulder et Gijwijt, 1973) on ajoute
l'action par contact ovicide (Cerf et Georghiou, 1974; Ascher et Nemny,
1976) par traitement direct des oeufs ou après l'ingestion par les
femelles (Groscourt, 1978) pour quelques espèces (Fytizas, 1976; Radwan
et al., 1978; Hajjar et Casida, 1976; Arambourg et al. 1977).
Cet éventail d'activité offre beaucoup de possibilités pour l'emploi du DFB
dans le cadre de la lutte intégrée.
Dans ce sens, nous avons entrepris dès 1978 l'étude des effets du DFB sur
C. capitata. Notre but essentiel était de déterminer, après l'ingestion
du DFB par les adultes, le moment à partir duquel se produit la réduc
tion de la fécondité et de 1'eclosión des oeufs ainsi que la cause
de la réduction de la fécondité. Finalement nous avons été amenés à
étudier la rémanence de l'action de DFB sur les générations suivantes.
ACTION PAR CONTACT
Oeufs :
La mise en contact d'oeufs de C. capitata avec le DFB, sur papier conta
miné, provoqua des troubles de l'organisation corporelle de la larve qui
l'empêchaient de quitter l'enveloppe de l'oeuf. La réduction de 1'eclo
sión n'est pas en relation avec la dose (Tableau I)
TABLEAU I  Effet du DFB sur oeufs de C. capitata
(de Sarasua et SantiagoAlvarez, 1982b)
Dose

ppm
0,000
0,001
0,010
0,100
0,500
1,000

% d'eclosión
+ Ε.T.
86,20
78,80
25,10
29,50
48,38
48,36

+
+
+
+
+
+

1,20
1,48
2,13
2,03
1,43
1,18

Larves :
Des larves au dernier stade furent immergées dans des solutions aqueuses
de DFB et furent remises dans le milieu nutritif artificiel après traite
ment jusqu'à la pupation (Albajes et SantiagoAlvarez, 1980). En fonction
des concentrations, l'action insecticide se manifeste par des pupes
malformées qui moururent sans évoluer au stade adulte. Chez les adultes
émergeants on pouvait observer une réduction de la fécondité et du nombre
d'oeufs arrivant à 1'eclosión. (Tableau II) Toutefois, ce dernier phéno
mène est un processus réversible.
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TABLEAU II - Effets du DFB sur C. capitata par traitement des larves
(de Albajes et Santiago-Alvarez, 1979)

Dose
ppm

0
2,5
25
250
000
500

% mortalité
des pupes
(corrigée)

3,77 + 4,58
3,88 + 5,44
38,84 + 22,02
8 0 , 1 7 + 3,66
92,62 + 5,82

Fécondité
% d'eclosión des oeufs
% par rapport
Age de la femelle
au témoin
(en jours)

109,7
86.7
48,3
24,4

88,7
70,6
68,1
59,4
26,8

84,6
74,9
72.1
77,9
52,7

83.3
79,5
72,5
30,9
66,0

ACTION PAR INGESTION
Adultes
L'ingestion du DFB, incorporé à l'alimentation, par les adultes, à différents moments de leur vie, provoque un affaiblissement du potentiel de
reproduction de l'espè e qui se manifeste par une diminution de la
fécondité et/ou d'eclosión des oeufs.
L'effet sur la fécondité est irréversible et se produit uniquement si la
femelle ingère le DFB au cours de la première journée après l'émergence
(Tableau III). Cela est dû à des anomalies de l'endocuticule, entravant
le mécanisne de ponte, observées dans des coupes histologiques.
Si la femelle
l'oviposition
(Tableau IV phénomène est

ingère le produit pendant toute la période précédant
(Tableau IV - C) ou quelques jours aprè cette période
D ) , 1'eclosión des oeufs sera réduite. Dans ce cas le
réversible.

Ce phénomène n'est pas vraiment une sterilization (Labreque, 1968) parce
qu'on peut observer dans les oeufs des larves bien formées, mais qui ont
des difficultés à sortir de l'enveloppe de l'oeuf comme cela a déjà été
démontré par d'autres auteurs (Ascher et Nemny, 1974; Wright et Spates,
1976; Lacey et Mulla, 1977) sur d'autres espèces et dans le cas du
traitement direct des oeufs.
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TABLEAU III - Effets du DFB sur la fécondité de £. capitata par traitement
des adultes (de Sarasua et Santiago-Alvarez)

Traitements

Fécondité

Témoin
A
Β
Ci
Cii
Ciii
Civ
Di
Dii

343,6
220,7
226,8
325,6
331,6
196.0
229,9
332,9
379,9
403,7
371,1
225,2
334,7
331,7
324,2

Diu
Div
F
G
H
I

+
+
+
+
+
+
+
+
+
+
+
+
+
+
+

% réduction

10,7
22,4
19,4
24,4
15,5
18,0
18,0
41,1
25,6
20,7
11,7
21,1
28,9
16,0
45,3

35,8 +
34,0 +

6,5
5,8

39,8 + 5,5
29,4 + 12,6

34,5 +

6,1

Explication des traitements :
A = ingestion du DFB pendant toute la vie de l'adulte
B = pendant la période de préoviposition
C = comme B mais individus vierges
D = individus vierges deux jours après le début de la ponte
i (MxF); ii (MtxF); iii (MxFt); iv (MtxFt) - t = traité
F,G,H,I = chaque jour de la période de préoviposition

TABLEAU IV - Effet du DFB sur 1'eclosión des oeufs lorsque le produit est
ingéré par l'adulte (de Sarasua et Santiago-Alvarez, 1982b)

Age de
Jours après
l ' a d u l t e l e traitement

ο

χ

(f

?

x

^t

?t

X

d

C
6
8
10

2
4
6

85,44 + 2,49
89,70 + 2,00
88,70 + 1,10

78,35 + 1,54
80,80 + 1,23
84.40 + 1,30

30,03 + 0,47
81,80 + 1,57
83,40 + 1,92

8
10

2
4

91.62 + 2,31
95,10 + 1,46

91.39 + 2,52
95,27 + 1,21

53,77 + 8,26
90,33 + 1,45

D

C = Traitement pendant les 4 jours de la période de préoviposition
D = Traitement deux jours après la période de préoviposition
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Descendance
Pour savoir s'il y avait des effets différés, une nouvelle génération a
été observée à partir de la ponte d' adultes qui avaient pris le DFB
pendant toute leur vie. Tous les deux jours, dès le début de la ponte,
cinq échantillons de 200 oeufs ont été prélevés et disposés chacun sur
une boîte contenant un milieu larvaire (Albajes et SantiagoAlvarez,
1980). La réduction de la pupation est supérieure à 95% mais aucune pupe
malformée n'a été observée et l'émergence d'adultes est du même ordre
de grandeur que celle du groupe témoin. (Tableau V)
TABLEAU V  Effet du DFB sur la descendance d'adultes traités

% pupation

Age
(j)

témoin

traités

Emergence c 'adultes
% par rapport
% par rapport
aux oeufs
aux jpupes
traités
traités
témoin
témoin'

5 94,52+0,74

1,15+0,41

99,11+1,14

100 +0,00

87,0 +1,16

1,15+0,41

7 87,00+6,66

4,88+0,65

94.36+0,93

92,4+4,07

82,10+6,35

4,51+0,62

9 93,37+0,98

1,79+0,26

87,13+3,95

92,0+8,00

81.30+3,99

1,61+0,24

11 91,12+0,99

1,15+0,31

95,38+0,70

83,3+1,10

87,33+8,62

0,95+0,29

Avec cette méthode il n'est pas possible de distinguer l'effet sur
1'eclosión des oeufs de l'effet sur les larves mêmes. On observe
néanmoins une légère mortalité larvaire chez Hylemya brassicae (Van de
Veire et Delcour, 1976) et Musca domestica (Rapes et al. 1977).
TABLEAU VI  Effet du DFB sur le potentiel reproducteur de la descendence
d'adultes traités

ο χ d"
Fécondité O/F

?

x

<ζ . ?t

x

°"

?t

x

°î:

705,10+45,51 708,90+30,57 782,49+59,15 629,51+87,31

Eclosión %

83,42+ 2,85

82,01+ 3,07

84,13+ 3,68

81,08+ 2,41

Pupation í

96,33+ 1,09

94,83+ 1,96

96,33+ 0,17

91,83+ 1,96

86,65+ 2,25

95,77+ 0,62

94,80+ 0,80

94,39+ 0,72

83,50+ 2,75

90,83+ 2,17

91,33+ 0,93

86.67+ 1,59

par rapport
Emergence aux pupes
d'adultes
%
par rapport
aux oeufs

En outre, la fécondité des adultes et 1'eclosión des oeufs ne montrent
aucune différence avec celle de la souche du laboratoire (Tableau VI)
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CONSIDERATION FINALE
Avant l'application pratique du DFB dans la lutte contre les trypetides,
il faudra poursuivre la recherche sur les effets de ce produit
sur le potentiel reproducteur, lors de son ingestion par les adultes, car
mener une action ovicide ou larvicide semble plus difficile.
L'effet différé sur le potentiel reproducteur, par traitement des larves
au dernier stade, pourra être envisagé en étudiant le comportement des
larves au moment de la pupation.
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Report on Session 3
L.M. SCHOONHOVEN
Department of Animal Physiology, Agricultural University, Wageningen, Netherlands

This summary will be limited to a discussion of the factors that
determine the suitability of trees as an oviposition site for gravid
females of fruit-infesting Diptera. We exclude the role of host trees as a
source of food for adults, a rendezvous site for mating, or a place of
shelter.
The complex behaviour of tree localization and oviposition may be subdivided into three parts, that is an analysis of factors which govern (1)
host tree detection, (2) arrestment and oviposition behaviour, and (3)
leaving the tree.
Ad. 1. Host tree detection is largely based on visual and olfactory
stimuli. The visual factors involved have been analysed to a reasonable
extent, but the role and nature of the olfactory stimuli is still largely
unknown.
Ad. 2. The chemical factors presumably present on or in the foliage,
which serve as arrestants once the fly has landed, are still unknown. Once
arrested the fly starts looking for fruits, and again visual factors and
possibly also olfactory stimuli are involved. These latter volatile factors,
likewise, await elucidation.
Ad. 3. Which factors elicit fly departure, and where do the flies go
after leaving the tree? Very little is known on this aspect of host plant
foraging behaviour.
It may be concluded that, whereas the important role of visual factors
is known in considerable detail, olfactory cues are still largely unknown.
It seems important to determine which plant volatiles govern host tree
finding and fruit localization. This is all the more interesting, since
also repellent odours of plant origin may affect fly behaviour.
When emphasizing the need of research on olfactory factors one thinks
of course of chemical identification of the active plant substances, going
hand-in-hand with electrophysiological techniques. Although these are highly relevant procedures, it is important to note that behavioural studies
are essential too, not only when studying fly behaviour in response to
complex natural volatiles, but also when testing single components. The
behavioural experiments should be done under highly standardized conditions,
i.e. laboratory conditions, as well as under (semi-)natural conditions,
mimicking the field situation.
One other problem which requires our attention is the effect of resource deprivation on fly physiological state. When females are deprived
from egg laying by repellent odours or deterrent substances, they should be
trapped, since otherwise they will break through the oviposition inhibiting
barrier.
Finally it is interesting to notice that, in contrast to insect control programmes for other crops, very little attention has been given to
the possibilities of breeding resistant varieties.
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Recommendations
1. The rôle
oviposition
by chemical
ants, which

of plant volatiles in attracting fruit flies and in stimulating
should be much better determined, and this should be followed
identification. Host plant volatiles could be important attractcan be used in monitoring systems.

2. Natural host plant volatiles or some of their active components should
be screened for use in mass trapping systems for control. Combinations of
volatile attractants with (supernormal) visual stimuli may lead to the
development of very effective traps.
3. Research on oviposition deterrents should be stimulated, in view of
their promising contribution to pest control. The research should focus on
the chemical identification of oviposition deterring pheromones, chemical
identification of oviposition deterring plant substances and application.
4. The chemical identification of host plant specific arrestants should
receive more attention, in view of their possible applicability in trapping
systems.
5. Chemical identification of plant substances that modify the behaviour of

Ceratites

capitata,

Dacus óleae

and Rhagoletis

aerasi

should be particularly

stimulated in view of their potential use in integrated pest control programmes ·
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Tephritid relationships with plants
RONALD J.PROKOPY
Department of Entomology, University of Massachussetts, Amherst, USA

Summary
Plants furnish tephritids with an array of essential resources,
some of which (feeding, mating and shelter sites) occur on nonhost as well as host plants and others of which (oviposition and
larval development sites) are confined to host plants. After
providing a brief account of the sorts of stimuli guiding
tephritids to essential plant-associated resources, this presentation focuses on factors which shape the dynamics of the resourceforaging process. These factors include the structure of the
resource patch with respect to quantity and quality of resources
and distance to neighboring resource patches, the population origin
(genetic endowment) of the forager, the physiological state of the
forager, the presence of competitors and natural enemies, and the
role of previous experience of the forager as an immature or adult.
Future investigation of the nature of tephritid/plant
relationships is viewed as having potentially significant impact
upon future development of basic theories of optimal foraging
behavior of animals and theories of how animals speciate, upon
the design of more effective population monitoring and management
techniques for pest tephritids, and upon strategies for using
certain tephritids in weed bio-control programs.
1. INTRODUCTION
The nature of the relationship of Tephritidae to plants is of fundamental importance to understanding 'strategies' of food, water, eggüaying
site, and shelter acquisition in this economically important family. It
is also of fundamental importance to understanding the process of host
range expansion, the design of effective management tactics,and effective
approaches to use of certain tephritide in weed bio-control programs.
Moreover, several characteristics of tephritid/plant relations lend themselves beautifully to addressing current basic questions set forth by
animal foraging behavior theorists and evolutionary biologists concerned
with modes of animal speciation.
An extensive review of all aspects of previous work on tephritid/
plant relations is well beyond the scope of this presentation. In fact,
at this juncture, such a review would be somewhat duplicative, because
only 5 years ago 2 works appeared (4, 36) which embody a rather extensive
treatment and discussion of tephritid/plant relations and the relevant
literature up to that time.
Briefly put, the focus of most past and present research on tephritid/
plant relations has been (and continues to be) largely on discovery and
identification of various sorts of positive or negative chemical and
physical stimuli utilized by the adults to locate and exploit plantassociated resources. Some attention also has been devoted to characterCEC / IOBC Symposium /A thens / Nov. 1982
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izing plant properties, including associated micro-organisms, which affect
larval survival and fitness of ensuing adults. With some exceptions
(see references in 1, and also 7, 14, 15, 17, 30), little attention has
been paid to the dynamics of the foraging process by which adults acquire
a plant-associated resource, and even less to genetic, physiological,
behavioral and ecological factors which shape the resource foraging
process. The true nature of tephritid/plant relations can not be fully
understood without addressing this latter aspect.
Following a rather brief synopsis of the nature of plant-associated
stimuli involved in resource location by tephritid adults, I will proceed
with a description of some recent work we have carried out in Massachussetts on factors shaping the oviposition-site foraging behavior of the
apple maggot fly, Hhagoletis pomonella. Factors affecting larval development of tephritids will not be discussed here.
Because of his profound influence on my growing appreciation of
evolutionary principles and their relevance to tephritid/plant relations,
I wish to dedicate this paper to Guy L. Bush.
2. NATUHE OF PLANT-ASSOCIATED STIMULI INVOLVED IN TKHJKITID FLY LOCATION
OF RESOURCES
The adults of most tephritid species require food to achieve maximum
fitness. The bulk of adult feeding has been observed to occur on plants,
the principal food sources being insect honeydew, nectar, or plant sap
exuding from fruit, leaf, or stem injuries. In the ancestral condition
and still today in the more primitive fami lies of Diptera, mating was
(is) initiated during aerial swarms of males at stations over visual
markers. In the higher Diptera, this habit has undergone substantial
modification. Indeed, among tephritids, to my knowledge males have never
been observed to form aerial swarms but instead reside on plants, where
they elicit or wait for the approach of females. Oviposition and larval
development sites of tephritids occur exclusively in plant tissue (e.g.
fruits, buds, blossoms, stems, leaves). Finally, tephritid adults use
plants (particularly the under surface of leaves) as shelter from potentially harmful abiotic and biotic agents. Thus, plants furnish tephritids
with an array of vital resources, some of which occur exclusively on host
plants (oviposition and larval development sites) and others of which
occur either on host or non-host plants or on both (feeding, mating, and
shelter sites).
The principal factors guiding tephritids to essential plant-associated
resources are best discussed by considering stimuli which are perceptible
from a distance (beyond or within the plant canopy) and stimuli which are
perceptible only upon direct contact.
Plant-associated stimuli perceptible from a distance include:
(a) odor emanating from various sorts of adult food located on vegetation
(see references in 36, and also 2, 10, 31) or from plant exudates.
(b) volatiles emitted from blossoms (24, 27, 28, 29, 46) or foliage (l6)
of non-host plants attractive to Dacus males (such volatiles may
guide the males to sites where they can ingest precursors utilized
in production of pheromone (5, 13))·
(c) odor emitted by pheromone-calling males (situated on vegetation)
which is attractive to other males in lek-forming species and/or to
females (6, 10, 32, 38) (in Dacus oleae. females release sex pheromone
from vegetation (22)).
(d) volatiles emanating from egglaying sites (presumably in a stage suitable for oviposition) attractive to gravid females and in some cases
also to males (see references in 36, and also 10, 12, 2l).
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(e) volatiles emanating from non-host plants repellent to gravid females
(10, 21, 34)·
(f) the visual properties of foliar or oviposition site color, silhouette
(contrast), pattern, and size (see references in 36, and also 35)·
Plant-associated stimuli perceptible upon direct contact include:
(a) chemical components of food sources (including substances acting as
possible precursors to Jacus male pheromone production) which elicit
proboscis extension and ingestion (18, 27)·
(b) physical and/or chemical properties of host foliage which stimulate
female ovary development (26) or elicit oviposition-site searching
activities (3, 11) and comparable non-host foliage properties which
elicit repulsion (3, ll)·
(c) female-emitted contact chemical stimuli which elicit male arrestment
or searching activity at locales recently visited by females (38)·
(d) plant chemical and physical stimuli originating from oviposition sites
which elicit male arrestment or female oviposition (see references in
36, and also 20, 21, 47. 48).
(e) oviposition-inhibiting stimuli which are the property of host fruit
in a stage of development unsuitable for egglaying (33) or which are
the property of non-host fruit (47)·
(f) plant exudates (8, 10, I9) or pheromones (lO, 39) which are deposited
by females on oviposition-site surfaces after egglaying and which
deter repeated egglaying at already-occupied larval feeding sites.
(g) oviposition-deterring stimuli emanating from larvae (or the effects of
larvae) within occupied host tissue (9, 40).
When we consider the economic importance of tephritids, it is surprising that we still are largely ignorant of the identification of particular
sorts of plant-associated stimuli which could be utilized in developing
more effective adult traps (eg. volatiles emitted from egglaying sites
attractive to females, volatiles emitted by males in lek-forming species).
3. FACTOBS SHAPING RESOURCE-FORAGING PROCESSES
An area of investigation currently receiving much attention from zoologists is that of animal foraging behavior. As pointed out in Krebs and
Davies (25) and Kamil and Sargent (23), one of the major questions relative
to foraging behavior involves whether a foraging animal should aim at maximizing efficient use of time and energy in acquiring the benefits of a resource, or should aim at reducing risks by adjusting its behavior to minimize variation in amount and quality of acquired resource or minimize such
potential hazards as exposure to predators and other harmful agents during
travel between resource sites. Another major question concerns the process
by which an animal goes about sampling resources to arrive at an average
resource value for its present locale in relation to the value of resources
in previous (or future) locales which it may have explored or will explore.
A third major question concerns the process by which an animal goes about
resolving trade-offs in satisfying all types of resource requirements
(eg. food, mate, egglaying site, shelter requirements).
I believe that the foraging process of tephritid flies for plantassociated resources can best be understood within the framework of these
and other questions posed by animal foraging behavior theorists. Although
for tephritids, we don't yet have any answers to questions such as these,
I believe it is of great value to our future basic and practically-oriented
research on tephritid/plant associations to pose large theoretical or conceptual questions under which we can then direct the course or nature of
our investigations.
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As pointed out by many others who have studied the foraging behavior
of vertebrates and invertebrates (see 23» 25), answers to foraging
behaviorrelated questions depend fundamentally upon the physical structure
of resource patches in terms of abundance and quality of resources in space
and time. They also may depend upon the population origin of the forager
(i.e., its genetic endowment) and,such nongenetic factors as physiological
state, presence of competitors and natural enemies, and the previous exper
ience of the forager as an immature or adult.
The remainder of this presentation will deal with some recent studiee
conducted in our laboratory which constitute a beginning toward addressing
some of the factors which shape the resource foraging process of apple
maggot flies. Although these studies are focused exclusively on female
acquisition of egglaying sites as a resource, the approaches used could be
modified to address food, mate, and shelter acquisition as well.
31 Resource Patch Structure
In this as in several other aspects of our studies,we employed field
cages (3.5 m diam χ 2.5 m tall, or θ m diam χ 2.5 m tall) placed over ca.
2mtall nonfruiting host trees growing in large pots whose positions
could be readily moved within the cage. We hung varying numbers of host
(hawthorn, = Crataegus) or nonhost fruits from the tree branches. We
released gravid females individually on a leaf near the base of the center 
most tree in the cage and observed all the movements of each female up to
a maximum of 2 hours or until it flew to the cage wall. Each female
originated from pupae collected from infested fruit beneath apple trees in
nature and was maintained in the lab until day of release. It was allowed
to oviposit in a hawthorn fruit once 20 min prior to release.
The results (43, 44) showed that females visited more fruit, oviposit
ed more often, and remained longer in trees as the density of uninfested
hawthorn fruit increased successively from 0 to 2, 4, 8 and 16 fruit
clusters per tree. The results showed also that when trees contained 8
clusters of nonhost fruit (Rhamnus). females visited far fewer fruits, did
not oviposit at all, and remained f or far less time than when trees contain
ed 8 clusters of uninfested hawthorn fruit. In fact, the average amount
of time which females spent foraging in trees containing only nonhost
fruit was little different from that spent foraging in trees containing no
fruit at all. Finally, we found that when neighboring trees were closeby
(1.6 m), females invested lesB time searching in their present tree (with
or without a cluster of hawthorn fruit) than when neighboring trees were
further away (3.2 m or more).
Together, these findings demonstrate that the structure of the re
source patch(fruit quantity, fruit quality
 host or nonhost, dis
tance to neighboring trees) in which an apple maggot female is located has
a strong influence upon the time and energy it expends searching for po
tential oviposition sites in that patch and upon its readiness to leave
that patch in search of another.
3.2 Population Origin of Forager
We evaluated in the lab the propensity of apple maggot females origin
ating from different host plants in different locales to attempt oviposit
ion in hawthorn, apple, and rose (Rosa) fruit, all of which are known
larval hosts. The pupae which gave rise to the females were collected from
infested fruit in nature. The females were maintained in the lab in cages
without any fruit. For testing, each was offered a single assay fruit and
permitted to remain on the fruit until it either accepted the fruit(attemp
ted oviposition) or rejected the fruit (left without attempting oviposi
tion) .
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The results (41) showed that females whose larvae were of hawthorn
origin had, respectively, a strong, moderate, and weak propensity to attempt oviposition into hawthorn, rose, and apple fruit. Females whose larvae
were of apple origin had a strong propensity to oviposit in hawthorn and
rose, and a moderate propensity to oviposit in apple.
These results suggest that females whose larvae are of hawthorn
origin would spend less time foraging in apple trees or in rose hushes, and
be less prone to utilize fruits of these plants as oviposition sites, than
females whose larvae are of apple origin. Evidence from additional tests
described in the section 'previous experience of forager' suggests that
these differences in fly response have a genetic basis.
3.3. Physiological State of Forager
We evaluated in the lab the egglaying response of apple maggot females
to oviposition-deterring pheromone-marked hawthorn fruit following different
intervals of time during which the females had been deprived of any access
to fruit. Before testing, we attempted to standardize the physiological
state of each female by accepting for assay only those females which oviposited 3 times in uninfested hawthorn fruit on each of Days 1 and 2 and 2
times in uninfested hawthorn fruit on Day 3 (= test day).
The results (45) showed that as the time interval between oviposition
in an unmarked fruit and the offering of a pheromone-marked fruit was
successively increased from 5 to 10, 20, 40, and 80 min, the degree of
female acceptance of a pheromone-marked fruit for oviposition likewise
successively increased.
Thus, the physiological state of a female with respect to time elapsed
(energy expended) since previous acquisition of a resource can have a
profound influence on readiness to accept a present resource. This suggests
that females which have foraged extensively but unsuccessfully for high
quality host fruit may, in such a fruit-deprived state, readily accept low
quality host fruit or perhaps even non-host fruit as oviposition sites. In
this regard, I recall an occasion in Wisconsin where we observed apple
maggot females to oviposit in tomatoes (non-host fruit) which we had hung
in birch (non-host) trees near a sour cherry orchard. The females had
apparently emigrated from the sour cherry trees,whose few remaining fruits
were highly marked with oviposition deterring pheromone.
3.4 Presence of Competitors and Natural Enemies
We have not yet begun to assess the possible influence of interspecific
competitors or natural enemies on the egglaying-site foraging behavior of
apple maggot females, but we have assessed the influence of intraspecific
competitors. Using the same protocol as described under 'resource patch
structure', we evaluated the foraging behaviour of females released individually into trees harboring 8 clusters of uninfested hawthorn fruit vs. 8
clusters of hawthorn fruit which had been marked with 2 dragging bouts of
oviposition deterring pheromone ca. 24 hours earlier.
The results (43) showed that females visited substantially fewer
fruits, oviposited in far fewer fruits, and spent much less time foraging
in trees containing only pheromone-marked fruit than in trees containing
only uninfested fruit.
This result indicates that the presence of intraspecific competitors
in the form of larvae present in fruit (signalled by presence of marking
pheromone) can strongly affect the readiness of a female to leave its
present locale and search out a different fruit resource patch.
3.5 Previous Experience of Forager as an Immature or Adult
We evaluated both in the field and the lab the possible influence of
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the previous experience of a female as a larva or adult on propensity to
alight upon and oviposit in familiar vs. unfamiliar fruit types.
In the first experiment, we hung 4 different sizes (l.5> 3·4ι 7·5»
and 23 cm) of stickycoated fruit models in host sour cherry trees hearing
1.62.1 cm fruit. The models were emplaced for ca. 2 weeks. The first
week occurred early in the fruiting season, when most females had little
previous oviposition experience. The second week occurred toward the end
of the fruiting season, when most females were presumably highly experi
enced with locating and ovipositing in sour cherry fruit.
The results (37) showed that irrespective of time of season, the 7·5
cm model received more visits hy females than the smaller models, probably
on account of the 7·5 cm models constituting a *supernormal' fruit
mimicking stimulus. Early in the season, the 23 cm models received con
siderably more visits than the 7·5 cm ones, but the reverse was true later
in the season. This suggests that as the season progressed and the flies
became experienced in locating real fruit present on the cherry trees,
they became less prone to alight on fruit models which were very much
larger than the size of the real fruits.
In the second experiment (41)» we employed a protocol similar to that
described under 'population origin of forager' and found that the host
species in which the larva developed had no detectable influence on the
propensity of the female to accept or reject that host type for egglaying.
In other words, we found no influence of larval experience on adult host
selection behavior, and thus no evidence to support 'Hopkin's Host Selection
Principle'.
In the final experiments to be reported here, we first compared the
propensity of naive females maintained in lab cages with the propensity
of experienced (egglaying) females on host trees in nature to oviposit
in different host fruits. Second, we attempted to train naive flies whose
larvae were of apple or hawthorn origin. In one test, training consisted
of 4 successive ovipositions (2 min apart) in fruit of the same type. Two
min afterward the fly was offered a fifth fruit of a different or the
same type. In another test, training consisted of continual exposure of
gravid females for 7 days to a single fruit type, and then, within 04
hours after removal of all fruit, offering such females a fruit of that or
another type.
The results (42, unpubl. data) revealed that irrespective of larval
origin, a significant proportion of females which had recent oviposition
experience on apple fruit in nature or in the lab rejected hawthorn fruit
when offered. Similarly, a significant proportion which had recent ovi
position experience on hawthorn fruit in nature or in the lab rejected
apple fruit when offered. In fact, the same individuals which were trained
on hawthorn and rejected apple could, after a 3day waiting period without
fruit, be trained on apple and found to reject hawthorn. Naive females
proved no less prone to accept apple or hawthorn than trained flies.
Together, these findings are evidence that the previous experience
of an apple maggot female as an ovipositing adult (but not as a larva)
on a particular fruit type can decrease its propensity to search out and
accept fruit of another type. Our evidence suggests that the memory of
previous oviposition experience may last for at least 1 day. Our findings
indicate that females do not form a search image for a given fruit type
as a consequence of extensive egglaying experience with that type. Bather,
the phenomenon seems to be one of rejecting fruit stimuli which are differ
ent from those stimuli of recent or present experience.
A possible selective advantage of this sort of learning to an ovi
positionsiteforaging female may lie in permitting the female to concen
trate its search effort on the host species of greatest local abundance
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(presunn"ng the most abundant species to be the one encountered first),
thereby decreasing the probability that a female will waste energy or suffer mortality searching for a rarer host, particularly if rarer hosts are
patchy in distribution.
4. CONCLUSIONS
The aim of this presentation has been to provide:
(a) a brief account of the types of resources which plants furnish tephritids, and the sorts of chemical and physical stimuli guiding tephritids to
essential plant-associated resources; and (b) an exposition of the nature
of some factors which may shape the dynamics of the resource-foraging
process, using the foraging behavior of apple maggot flies for oviposition
sites as an example of methodological approach and results.
Better understanding of the nature of tephritid/plant associations can
have potentially significant impact upon future development of theories of
optimal foraging behavior of animals and theories of how animals spedate.
Two principal reasons for this potential impact are: (a) the comparative
ease (relative to most other insects and animals) with which the movements
of foraging tephritid adults can be followed within resource patches,
coupled with the comparative ease of handling tephritids experimentally
in natural or semi-natural situations, and (b) the availability of historical records for determining time of introduction of tephritids into new
areas containing new sorts of resources, and for determining time of introduction of new sorts of resources into areas already containing tephritids.
Improved comprehension of the nature of stimuli emanating from, and the
process by which tephritids forage for, plant-associated resources can have
practical benefit as well. For example, more complete identification of
chemical and visual stimuli emanating from tephritid resources can lead
to more extensive application of synthetic equivalents useful in monitoring
or directly controlling tephritid abundance, as it has already done in a
number of instances. Also,numerous aspects of tephritid-plant associations
must be considered in designing strategies for employing certain tephritids
in weed bio-control programs. Finally, better knowledge of factors shaping
the resource-foraging process can lead us toward much better understanding
of the sorts of conditions under which host range expansion occurs, the
types of hosts potentially infestable by an established or newly-introduced
population, the effect of such fly management practices as fruit stripping
on fly dispersal from present resource patches, and more effective employment of fly monitoring procedures.
Part of the research reported here was supported by NSF grant DEB
8109581, by the Science and Education Administration of the USUA under
grant 8200184 from the Competitive Research Grants Office, and by
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The role of chemoreception in hostplant finding and oviposition
in phytophagous Diptera
L.M. SCHOONHOVEN
Department of Animal Physiology, Agricultural University, Wageningen, Netherlands

Summary
Little information is available on chemoreception in relation to host
plant selection in phytophagous Diptera. Present knowledge, however,
indicates that the same sensory principles as found in other insect
groups govern host recognition in dipterous species. Olfactory responses to plant specific volatiles have been recorded in e.g. apple
maggot flies, carrot flies and cabbage root flies. Labellar sensilla
in Mediterranean fruitfly, cabbage root fly and others respond to
water, salts and sugars. Behavioural and electrophysiological evidence
show that tarsal hairs in several species react to host specific
chemicals present on the plant surface. In the case of e.g. the apple
maggot fly they also detect the presence of an oviposition deterrent
pheromone. The ovipositor of some dipterans have been found to bear
a limited number of chemosensilla. These may be involved in host plant
selection, especially in those species which put their eggs into plant
tissues or fruit interior.
It is concluded that host plant recognition in Diptera is probably
based on the same chemosensory mechanisms, involving general plant
compounds and host specific chemicals, as known from other insect taxa.
1. INTRODUCTION
An insect's life shows a succession of growth, dispersal and reproduction. The adult female, after leaving the place where she was born, must
deposit her eggs in close proximity to a suitable food source for her offspring, or the newly hatched larvae will die from starvation. Since most
phytophagous Diptera are diurnal, visual factors may be expected to play a
role in host selection. Visual cues, such as shape and colour have indeed
been found to be of importance. However, it seems unlikely that visual
stimuli alone allow the insect to find the right host plant, especially in
view of the fact that most phytophagous dipterans show finical food choices.
Host recognition is undoubtedly based to a large extent on a highly discriminative chemosensory apparatus. However, chemical sampling of potential
food plants by dipterans is hampered by the fact that the structure of their
mouth parts does not allow taking test bites and thus tasting the interior
of a plant. Because of this difficulty and at the same time the necessity
of making faultless decisions, the act of oviposition in many species culminates a complex chain of behavioural events. Oviposition in the cabbage
root fly, for example, is preceded by a sequence of at least 11 discernible
behavioural activities. Each phase requires a specific stimulus situation.
Several steps depend on adequate chemical stimulation (50).
Although the blowfly is undoubtedly the best studied invertebrate with
regard to chemoreception (6), scanty information is available on the chemical senses in phytophagous and fructivorous Diptera. The limited attention
CEC /IOBC Symposium /Athens /Nov. 1982
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this group receives is exemplified in a recent book on interactions of
insects and crop plants. Among the 324 insect species discussed only 28 are
dipterans (28).
The role of the chemical senses in host plant finding may be revealed
by behavioural studies, amputation experiments, morphological and electrophysiological studies. A combination of these methods often leads to the
most fruitful results. The present paper reviews information of host plant
selection in Diptera, and relates it to knowledge of other insect groups.
Insect chemoreceptors are generally located on antennae, mouthparts,
tarsi and ovipositor. Present evidence indicates that phytophagous Diptera
conform to this picture. The chemical senses aid in finding host plants for
oviposition. Of course they are also involved in locating food, rendezvous
places and mating partners. These latter functions will not be discussed
here.
Distance orientation
The sense of smell aids many insects to find their food or oviposition
substrates. Behavioural studies have shown that a number of fly species are
attracted by host plant odours or certain pure chemicals of plant origin.
Thus, the onion fly, Delia antiqua,
is attracted by sulphur compounds in
onion (27) and volatile (iso-)thiocyanates and nitriles produced by cruciferous plants allure cabbage root flies, Delia brassioae
(8,9). Likewise
beet flies, Pegomya betae,
are guided to their host plants by the odour of
young beet leaves over distances of up to 50 m (38). Odour of host fruit is
a specific stimulus attracting several (though not all) tephritid flies to
hosts in a suitable stage for oviposition. Apple odour, for instance,
attracts apple maggot flies (32). Vegetative plant tissues may also be attractive. Ether extracts of vegetative parts of a large variety of plants

attract Daaua capitata,

D. dorsalis

and D. cucurbita

flies (25). Oil of

citronella allures D. diversus
and D. zonatus,
and methyl eugenol is attractive to D. dorsalis
(17,18). Adult melon flies are also attracted to
e.g. nonenyl acetate, a synthetic chemical (24). Whether or not olive flies
respond to host plant volatiles has not yet been decided beyond doubt
(7,15), but this insect is repelled by non-host fruit odours (31) and by
volatiles present in olive fruit pulp and olive oil (11). Thus olive flies
also employ olfaction when searching for their host plant.
The sense of smell in insects is located on the antennae. Occasionally
chemoreceptors situated on other body parts have been found to react to
volatiles, but it is unlikely that they play a role in distance orientation.
The functioning of antennal receptors can be studied with two electrophysiological techniques. Electrodes with a very limited detection range, when
placed close to neurons, may transmit information about the sensitivity and
specificity of individual receptor cells. Another electrode arrangement
measures the so-called electroantennogram (EAG), which is an overall electrical response of the whole antenna to certain odours.
The "single-unit method" has been used in only a few studies with
Diptera. This method was used to discover receptors responding only to a
few special odours in Calliphora
erythrocephala.
Certain cells reacted to
e.g. meat, carrion and cheese and to some alcohols, aldehydes and
mercaptans. Receptors that responded to meaty odours were insenstive to
flowery odours and vice versa, indicating a functional differentation of
the olfactory cells (23).
The EAG method has been applied to some phytophagous dipterans. Cabbage
root fly antennae show EAG responses to allylisothiocyanate and hexylacetate, natural volatiles from brassicas (48). Likewise, antennal'. responses
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to host plant specific volatiles can be registered in the onion fly (19)
and the carrot fly. The latter insect appears to be sensitive also to a
number of general green leaf volatiles (14). In an interesting study Guerin
& Stadler (13) have compared the responses in the carrot, cabbage root and
onion fly. Each fly species is specifically sensitive to chemicals which
typify their host plants, namely asarone in carrot, allylisothiocyanate in
cabbage and propyldisulphide in onion. With respect to generally occurring
green leaf volatiles each fly species proved to react differently and to be
especially sensitive to those components known to occur at higher concentrations in the headspace of its host plant. Specificity for host plant
compounds is, however, not absolute, because each species is also capable
of perceiving the odours of non-hosts. Although as yet no information is
available on fructivorous dipterans the results cited above may indicate
that dipterans conform to the conclusion drawn from other phytophagous
insects, i.e. each species perceives its own bouquet of compounds characteristic of a certain plant.
Contact chemoreception and host recognition
Contact chemoreceptors located on tarsi and labella have been studied
extensively in the blowfly by using both behavioural and electrophysiological methods (6). Observations on phytophagous Diptera indicate that these
sensilla play an essential role in host plant recognition.
When a fly lands on a host leaf or fruit its behaviour differs from
that of an insect landing on a non-host plant. Sorghum shootflies, after
landing on a host plant show tapping movements with their front tarsi (35).
Such movements are also demonstrated by many Lepidoptera when testing a
potential oviposition substrate. Similarly, in Rhagoletis
pomonella
the
feet apparently perceive host-specific leaf stimuli, which act as contact
arrestants (3). Chemosensilla have been observed on the tarsi of sorghum
shoot flies (30), carrot flies (41), cherry fruit flies (10), apple maggot
flies (33,5) and others. When the legs of apple maggot flies are covered
with wax the flies, even when walking on a host fruit, no longer show
oviposition behaviour (33). When a cabbage root fly walking on a host plant
contacts a wound in the leaf surface with its front legs, it extends its
proboscis (50). Frit flies, when searching for an oviposition site, show
repeated tasting movements with their protracted proboscis as a conspicuous
element of oviposition behaviour (22) . Daaus cucurbita
females likewise
investigate the fruit surface with their mouthparts after landing (34). It
may be concluded that in several cases flies, after receiving information
via their tarsi, may obtain additional and more detailed knowledge via
their labellar receptors. Behavioural evidence indicates that also
oviposition inhibiting substances are perceived by tarsal receptors. Thus
deterrents of plant origin, as in the case of olive flies (47) or
oviposition deterrent pheromones, e.g. in Rhagoletis
pomonella
(5), affect
the insect's behaviour via tarsal sensilla.
Electrophysiological investigations confirm the supposed role of tarsal
and labellar receptors in the process of host recognition, though to date
few studies on phytophagous Diptera have been reported. Stadler (42) found
that female cabbage root flies have tarsal hairs responsive to glucosinolates, which are characteristic chemicals of their host plants. Moreover,
these sensilla have cells which react to sugar and water. Interestingly in
male flies the glucosinolate cell is lacking, apparently because they do
not have to locate a host plant for oviposition. Labellar taste hairs in
both sexes are equipped with sugar and water cells (42). A mature carrot
fly after landing on a carrot plant walks on the leaf surface for 0.5-2 min
before it may lay an egg, again suggesting the involvement of leg receptors.
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When the tarsal hairs are stimulated with carrot sap their electrophysiological responses can clearly be distinguished from those resulting from
stimulation with e.g. cabbage sap. The tarsal sensilla have one cell which
specifically reacts to washings from intact carrot leaves. Another cell is
stimulated by sugar solutions (42).
Labellar sensilla containing sugar cells and salt cells are probably
of general occurrence. They have been demonstrated in the Mediterranean
fruitfly (12), Drosophila
(20) and cabbage root flies (42). So far, host
plant specific receptors have been found only on the tarsi (42,43). The
sugar receptors present on the tarsi as well as proboscis undoubtedly
mediate information about potential food sources, such as honeydew or host
exudates.
Rhagoletis
pomonella
flies are able to recognize whether or not a host
fruit already contains conspecific eggs, since females after depositing an
egg, mark the fruit with an oviposition deterrent pheromone. This pheromone
is also perceived by tarsal receptors, as recently shown by Crnjar and
Prokopy. Water solutions of the pheromone elicit neural activity in tarsal
hairs, which arises in specific cells. Salt acts also as an oviposition
deterrent, but stimulates a different cell (5).
Chemoreceptors on ovipositor
Since the ovipositor usually contacts the substrate during oviposition
behaviour one could envisage that chemoreceptors located on the ovipositor
might act as a last checkpoint for host suitability. Morphological studies,
however, have shown that the ovipositor in many insects bears only a few
recognizable chemoreceptors. The ovipositor of cabbage root flies has 4
basiconic-type sensilla, which because of their appearance could have an
olfactory function, whereas the 20 or so styloconic hairs might have a
contact chemoreceptive function. In the carrot fly the ovipositor bears
only trichoid sensilla, which presumably function as mechanoreceptors (2).
Some hairs on the ovipositor of the sorghum shoot fly are believed, on the
basis of their external morphology, to have an olfactory function (30). The
occurrence of olfactory receptors on this part of the body is known from
some non-plant feeding insects, like blowflies (49) and face flies (16).
Contact chemoreceptors have been found on the ovipositor of sheep blowflies
(36). The few studies cited on Diptera, in addition to the reports on other
phytophages allow the conclusion that the chemoreceptory apparatus on the
ovipositor is not very prominent, and that this bodypart does not mediate
decisive chemical information to the central nervous system. This deduction
agrees with the fact that several insects will lay eggs on non-host substrates, as long as their tarsi receive adequate stimulation. Apparently
the ovipositor is in phytophagous insects at best a very primitive chemical
checkpoint and the critical evaluation involves tarsal and proboscis receptors. Frit flies continuously contact the plant surface with their protracted proboscis while searching for an oviposition site (22) , indicating
that the labellar taste receptors, in addition to leg receptors, have a
major role in host recognition. The habit of Agromyzid flies to imbibe the
sap exuding from the puncture made by piercing the plant tissue with the
ovipositor, also indicates the function of host testing by head receptors
before egg deposition, in addition to feeding (40). However, some situations are known in which the ovipositor transmits to the central nervous
system information on the plant's chemical constitution which would not be
easily accessible to chemoreceptors located elsewhere. This is the case
when the ovipositor is inserted into leaf or fruit tissues and thus is in
a position to test the plant interior. The tephritid fly
Anastrepha
suspensa,
for example, measures with its ovipositor the acidity and

243

presence of certain oviposition deterrents in the fruit's interior (44).
Deposition of an egg by Rhagoletis
completa
likewise depends on sweetness
and moistness of the fruit interior (4). Melon flies are able to assess the
presence of conspecific larvae in host fruits and it is possible that
chemoreceptors located on the ovipositor are involved (34). Also in insect
parasitoids several examples may be cited of females which reject a previously parasitized host only after ovipositor insertion (45). It is assumed
that a chemical substance signalling the presence of a conspecific is perceived by chemoreceptors on the ovipositor. Likewise insect egg parasitoids
are able to detect with their ovipositor the presence of potassium and
magnesium in host eggs (29).
Few electrophysiological studies on ovipositor sensilla have been
made. Wallis (49) on the basis of neural responses to certain solutes concluded that some sensory pegs on the anal leaflets of the blowfly have an
olfactory function. The leaflets on the ovipositor of Lucilia
cuprina
flies
each bear two olfactory pegs and five gustatory hairs. The latter respond
to salts, acids and blood. Their rate of firing is also dependent on
osmotic concentration (36). One of the three cells present is specifically
sensitive to monovalent cations (37). With regard to phytophagous insects
reactions of ovipositor sensilla are only known from Vieris
brassicae
butterflies in response to oviposition deterrent hormone solutions (26). In
the migratory locust cereal sensilla basiconica detect the presence of
water and salt in the oviposition substrate, i.e. soil (21).
The scanty information available on the function and significance of
ovipositor chemoreceptors does not seem to indicate a major role in host
plant recognition. Only in the case of insects which insert their
ovipositor into plant tissues or fruit, may ovipositor receptors mediate
essential chemical information.
Conclusion
Phytophagous Diptera orient themselves to their hostplants on the
basis of visual and odourous stimuli. Behavioural and electrophysiological
evidence shows that female flies respond to volatiles typically occurring
in the headspace of certain plant species only, as well as to plant volatiles of a more general character. This agrees with our knowledge obtained
from other insect orders (see e.g. 4 6 ) . Gustatory hairs on the tarsi and
labellum react to some general plant chemicals, e.g. sugars and salts.
Behavioural studies on several dipterans, including tephritids, suggest
that many species recognize host specific chemicals on the plant surface
with their feet. Receptors tuned to host specific chemicals have been found
in tarsal sensilla of e.g. the carrot fly and the cabbage root fly. In a
number of species labellar receptors complement the chemosensory function
of the tarsae. The role of chemosensilla on the ovipositor, which occur in
small numbers in most species, is not well-understood. Probably their importance in host discrimination is restricted. From the limited data available at present, we may conclude that host plant recognition in Diptera is
based on the same chemosensory mechanisms as is known from phytophagous
insects belonging to other taxa, and involves host specific as well as
common plant chemicals (1,39).
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Summary
The responses of Ceratitis capitata, Dacus oleae and Rhagoletis cerasi
to some generally occurring fruit volatiles were studied in electrophysiological and field tests. Some thirty volatiles ranging from Ceto Ci2 with alcohol, aldehyde and ester terminal functional groups
were screened using the electroantennogram (EAG). A strong degree of
conformity was observed in the EAG responses to compounds in the
series of saturated aliphatic aldehydes with heptanal, octanal and
nonanal evoking the highest responses in all three species. Female
Mediterranean fruit flies were attracted by heptanal in the field when
dispensed in polyethylene vials attached to glue covered opaque Plexiglass sheets. Rebell traps baited with hexanol, octanal, nonanol and
nonanal were attractive to olive fruit flies. No attractants were
identified for the cherry fruit fly.

Resumé
Les reactions de Ceratitis capitata, Dacus oleae et Rhagoletis cerasi
â l'égard de certains produits volatiles typiques des feuillages verts
ont fait l'objet d'études par électrophysiologie et sur le terrain.
Quelques trente produits volatiles allant de Ce à C-^ avec des groupes
fonctionnels en alcool, aldéhyde et ester, ont été analysés par
électro-antennogrammes (EAG). Une grande similarité a été observée dans
les réponses EAG à l'égard des composés contenus dans les séries
d'aldéhydes aliphatiques saturés, 1'heptanal, l'octonal et le nonanal
enregistrant les réactions les plus élevées vis-â-vis des trois
espèces. La femelle de la mouche des fruits méditerranéens est attirée,
en plein air, par 1'heptanal quand celui-ci est diffusé au moyen
d'échantillons en polyethylene, attachés à des feuilles de Plexiglass
opaques, enduites de glu. Des pièges REBELL traités avec de 1'hexanol,
de 1'octanal, du nonanol et du nonanal attirent la mouche de l'olive.
Aucun produit attractif n'a été identifié en ce qui concerne la mouche
de la cerise.
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INTRODUCTION
While substantial progress has been made in establishing the role of
plant volatiles in host selection by dipteran pests of vegetables (l, 2
and 3 ) , comparatively little attention has been given to the role of fruit
volatiles in the host relationships of Tephritidae. Since these volatiles
may influence orientation and oviposition on fruits by females, their
identifications is particularly relevant to the development of female
attractants. Here we report preliminary findings on the electroantennogram
(EAG) and field responses of Ceratitis capitata (Wiedemann), Dacus oleae
(Gmel.) and Rhagoletis cerasi (L.) to some generally occurring fruit
volatiles.
The compounds chosen for the study represent a class of some
generally occurring plant constituents ranging in carbon number from 5 to
12. These saturated and unsaturated alcohols, aldehydes and esters are
responsible, in the main, for the "green odour" of plant tissue. The
quantity of each component of the complex in plant vapour changes with
plant species, and the insect antenna is normally tuned to the perception
of volatiles predominating over the preferred host. Since the antenna is
selective in its response, it may be used in screening for candidate
attractants or repellents. Compounds showing consistently high EAG
responses are chosen for behavioural studies on the basis that they may
have some functional significance for the insect. This is the case for the
carrot fly, Psila rosae (Fab.) where leaf aldehydes evoke persistently
higher EAG responses than the corresponding alcohols (h) and only the
aldehydes prove attractive in the field (l).

EAG screening
Some 30 volatiles were screened on four female antennae of each of
the three species; the odour delivery system, antennal preparation and
estimation of responses was as described (h). The three species showed a
strong degree of conformity in their responses to the series of aliphatic
aldehydes pentanal through to dodecanal, with highest responses recorded
for heptanal, octanal and nonanal; similar findings are reported for three
other phytophagous Diptera (5). High EAG responses were evoked by (E)-2nonenal in C_. capitata and D. oleae ; this is interesting, since several Cg
monoenes containing different terminal functional groups have been
reported as fruit fly attractants (c.f. 6 ) .

Field tests
During the Summer of I981 compounds eliciting high EAG responses in
the three species were field tested with a polyethylene vial (IS mm diam χ
30 mm) as dispenser; four 1 mm holes pierced in the lid of the vial
provided an even release of the volatiles.
Stimulants for (3. capitata were tested in combination with Tetra
traps (Ţ) in Chios, Greece and with a glue covered opaque Plexiglass sheet
(19 x 15 cm) in Sardinia. The traps were baited with hexanal, (E)-2hexenal, heptanal, octanal, hexanol and hexyl acetate; each treatment was
suitably replicated. Octanal was the most effective compound in luring
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(?. capitata into Tetra traps in Chios, however, the overall results were
inconclusive due to the low numbers of flies captured. In Sardinia,
heptanal proved superior to any of the other volatiles tested, capturing
six times more Mediterranean fruit flies than the blank control (237 for
the test versus 39 for control; η = 8 ) . Furthermore, this compound was sex
specific in its action, with females accounting for 95% of the flies
captured; the female/male ratio was 21/1 for heptanal baited traps, versus
6/1 for the control. Since heptanal is a constituent of fruits from many
host plants of C_. capitata (8) , this compound may play a role in host
selection and oviposition by the fly.
Rebell traps (9) baited with hexanal, hexanol, octanal, nonanal and
nonanol, in the polyethylene dispensers described above, were placed in
olive trees in Chios to determine their effects on D. oleae. Hexanol,
octanal, nonanal and nonanol each captured over 2.5 times as many olive
flies as the control with males accounting for circa two thirds of the
catch in each case. The added attractiveness of nonanal to males is not
surprising since it has been identified as a component of the sex
pheromone of D. oleae (B.E. Mazomenos, personal communication). Hexanal,
in contrast to the other compounds tested, reduced trap catch.
Rebell traps baited with strong EAG stimulants for R^. cerasi were
placed in cherry trees and stands of Lonicera xylosteum L. in Switzerland,
however, none of the following volatiles were attractive to cherry fruit
flies: (jï)2hexenal, (E)2hexenol, heptanal, heptanol, octanal and
nonanal.

Concluding remarks
It is important to choose the correct trap type for field tests with
volatiles which may exert some specific influence on insect behaviour,
such as host plant attraction. Traps devoid of any overt visual stimulus
are best since this allows one to discriminate for purely olfactory
mediated responses. Furthermore, in the absence of any added volatiles,
colour traps are frequently more selective in attracting one of the sexes
of a given species. This may lead to some misinterpretation of the results
when volatiles are tested with the same traps. The "neutral" opaque plexi
glass sheet proved most effective for our field tests with volatiles for
C_. capitata. The Tetra trap, while being devoid of any strong visual
stimulus, may be less suitable due to the build up of a high concentration
of the volatile inside the trap in still air, an effect which may reduce
the efficacy of an otherwise attractive substance. While the use of a
"neutral" trap is recommended for screening,our goal should be to develop
traps which combine the best olfactory and visual stimuli.
Some problems we encountered in reproducing some of our field data
may be related to the timing of the tests relative to the stage of
development of host fruits in the same trees. Since fruit flies are
attracted, most likely, by a complex of volatiles from their preferred
hosts, it is plausible to suggest that the activity of an individual
volatile in a dispenser is influenced by the presence of vapours emanating
from the fruits. The quality and quantity of these volatiles will vary
according to the stage of development of the fruit, climatic conditions
and even the time of day. An effective attractant should compete with
fruits at their most attractive stage of development. Furthermore, the
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activity of the generally occurring fruit volatiles reported here most
probably represent some of the weakest olfactory stimuli from fruits
perceived by fruit flies. We should aim to identify more host specific
compounds which are perceived when present in extremely low amounts and are
much more attractive to the insect (l). These host specific volatiles can
augment the effects of the generalist volatiles (l) to provide us with more
powerful and species specific attractants in the future.
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Fruitfliesand their increasing host plants in India
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Summary
Three Dacus s p e c i e s ( Cucurbitae, zonr.tus and d o r s a l i s ) are
the most n o t o r i o u s ones and i n f e s t a number of host p l a n t s
i n I n d i a . The zonatus has found to i n c r e a s e i t s host r a n g e .
Recently heavy i n f e s t a t i o n of Chetostoma completum Kapoor
et a l . and Acanthiophilus h e l i a n t h i (Bossi) was discovered on
the flower heads of corn flower, Centaurea c,y anus i n Jammu
and Kashmir. This i s also a f i r s t record of the genus Chetostoma from I n d i a . Dioxyna s o r o r c u l a i s also i n c r e a s i n g i s
also i n c r e a s i n g i t s host range and has covered a number a
of ornamental p l a n t s . I t has also found i n f o s t i n g a weed,
Bidens p i l o s a and the d e s t r u c t i o n was upto 30%.

The T e p h r i t i d a e i s one of the most economically important
families of a c a l y p t r a t e D i p t e r a . The l a r v a e are h e r b i v o r i u s and
t h e i r h o s t s vary among d i f f e r e n t s p e c i e s . The l a r v a l h o s t s i n c l u de a broad a r r a y of f r u i t s , v e g e t a b l e s , flower heads and s e e d s .
Some also make mines and a few form g a l l s on d i f f e r e n t p a r t s of
the p l a n t s . Thus, they cause temendous economic l o s s e s and g r e a t
problems to the f r u i t and vegetable growers a l l over the world.
Species i n h a b i t i n g temperate a r e a s have comparatively low c a p a c i ty for d i s p e r s a l and are monophagous or oligophagous, while
s u b t r o p i c a l and t r o p i c a l s p e c i e s have high c a p a c i t y for d i s p e r s a l
and are u s u a l l y polyphagous. I n t r o p i c a l s p e c i e s host range i s
i n c r e a s i n g day by day due t h e i r polyphagous n a t u r e and thus the
problem of t h e i r c o n t r o l i s also becoming i n c r e a s i n g complex»
The f r u i t fly s p e c i e s are divided i n t o two broad morphologic a l c a t e g o r i e s on the b a s i s of t h e i r body form, s t r u c t u r e and
biology. The f i r s t group i n c l u d e s the genera Dacus and C a l l a n t r a .
The members of t h i s group damage a l l k i n d s of f r u i t s and vegetab l e s . The most d e s t r u c t i v e p e s t s p e c i e s a r e : Dacus Cucurbitae,
d o r s a l i s and z o n a t u s . The second group i n c l u d e s the members of
the subfamilies Trypetinae and T e p h r i t i n a e , which r e p r e s e n t a
wide range of morphogical c h a r a c t e r s and b i o l o g i c a l h a b i t s . The
t r y p e t i n e f l i e s o v i p o s i t i n f r u i t s , v e g e t a b l e s , flower Jjeads and
o t h e r p a r t s of the Compositae, L a b i a t a e , Umbelliferae, e t c .
Myiopardalis p a r d a l i n a and Carpomyia vesuviana are the most
d e s t r u c t i v e t r y p e t i n e s . The t e p h r i t i n e s breed i n flower heads
and t h e i r l a r v a e feed on developing s e e d s . They are g a l l formers
and l e a f miners.
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In recent years these flies have been found to increase
their host range progressively. J. zonatus is spreading its
menace on many new kinds of fruits. It has now been found to
infest ber fruits in some parts of Punjab. It heavily infests
mongo,peach,plum,guava,ber citrus and many others in India.
In some cases the infestation was so serious that almost the
whole fruit crop was damaged. The adult flies remain active
throughout the year except for a short period in winter during
January and February. In late February and Karch the adults
become active and breed in ber. In May and June it causes damage
to loquat and peach fruits. During rainy season it infests mango
and latter extends its range to other hosts like guava, citrus,
etc. Thus it is a very dominant species of the genus Dacus.
Dacus cucurbirae is another species which is found abundantly
both in hilly and plain areas of India. The adult flies of this
species are long lived and remain active throughout the year
except for a short period during winter. These flies mainly
prefer cucurbits but under certain circumstances the flies can
breed in other fruits also. D. tau is also a serious pest of
Solanaceae and Curcurbitaceae fruits. It is abundantly found
in hilly areas of Himachal Pradesh and plains of Punjab. It is
also enlarging its host range in northern India.
The tephritine species are also increasing their host range
and many new hosts are being brought to light. A. helianthi and
D. sororcula are such species which infest a large number of
composit flower heads. C. completua Kapoor et al.(3), described
from Nepal, has been found heavily infesting the flower heads of
corn flower, Centaurea cyanus in Jammu and Kashmir. This is also
a first record of the genus Chetostoma Mondani from India. A.
helianthi (fig.1) was also found infesting the same plant alongwith the former species. Ehatia and Singh (1) recorded it for
the first time from India as a pest of safflower, Carthamus
tinctorius. Xenon et al (¿t) recorded it infesting Centaurea
americana but not on Ç. c.y anus which was in close association
with it.
Dioxyna sororcula (V/iedemann) has been found infesting the
flower heads of many ornamental plants of Compositae family.
It was found seriously arresting the formation of seeds in
Cosmos sulphureus (Figs.2-ij.) and others. It was also found destroying a weed, Didens pilosa on which the infestation was 90%.
The maggots of the fly grow inside the unripen seeds of flower
heads. The endosperm of the seed was entirely eaten up by the
maggots. The pupation also takes place inside the seed. Thus,
there is a possibility to use this fly in the biological control
of this weed. Similarly, Snsina sonchi (Linn.) was also found
seriously damaging two weeds, viz., Cirsium arvense and Sonchus
arvensis in Himachal Pradesh. This fly was recorded for the
first time from India.
Since the publication of first author's work (2) a number
of fruit flies and their hosts have been added. A complete list
of all such flies alongv.ith their distribution and hosts is given
beLow:
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Fruit

flies

Distribution.

Dacinae
C a l l a n t r a Y/alker
1 . eumenoides(r.ezzi) B urma; I n d i a ; Thailand
Dacus Fab.
(Afrodacus)Bezzi
2 . abber a n s  p a l lenscen t i s Indiaiiíanikhet
Hardy
3 » t r i l i n e a t u s Hardy
India:Bangalore
( BactroceraHlacq.
India:i;ysore
4»caryeae Kapoor
I n d i a ; P a k i s t a n ; ..'epal;
5.correetus(Bezzi)
S r i Lanka

6 . d o r s a l i s Hendel

Oriental;Australian;
iíearctic;Falaearctic

7 . l a t i frons(Hendel)

Taiwan;India;Laos;
Malayasia;3riLanka;
Thailand
8 . n i g r o t i b i a l i s ( P e r . ) Do,except Taiwan
9 . p a r v u l u s Hendel
Taiwan;India
IQ.poonensis Kapoor
India:Pune
11»zonatus(Saunders)
Australian;Oriental;
Palaearctic
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Hosts

Luffa and c a s t o r
Iiimusops sp
Coccínea i n d i c a
Careya arborea
AanKXÌera i n d i c a , P r u n u
 s p e r s i c a , A e g l e marm
e l o s , Zizyphus .iu.juba.
Caressa c a r a n a e s , A l i e 
ni a micheli!,Santalum
album,sandalwood
berries.
H.indica,Prnnus armen
ica,domestica,persica,
Pyrus communis,malus,
cydonia,Psidium guaja
va, S r i o b o t r y a .japónica,
Ficus c a r i c a,Dio spyro s
sp,!lusa sp,Pu n i c a g r a 
natum,Achras s a p o t a , Z .
.ju.juba, C i t r u s l i m e t t a ,
sinensis,reticulata.
Krandis,aurantium,medi
c a , nobilis,Capsicum
frutescens,Artocarpus
i n t e g r i folia,Solanum
meloηκena,verbascifoli
um, aurantium, ro bu s t i fo
lium, a u r i culatum,Cepha
l a n d r a i ridi c a, C »ar bo r e a
A. marm elo s,C erbara ma
nghas,:S. album, C . i n d i c a ,
F.mysorensis.
Solanum sisymbrifolium,
melongena.
Coffea r o b u s t a
Lagenaria v u l g a r i s
Ocimum sanctum
P.persica,M.Indica,F.
c ar i c a ; Ρ.fiua .i av a ; Ζ.
.iu.juba; Α. sapo t a , sa.i at a,
Citrus sp,L.vulgaris,
Luffa s p , C . a r b o r e a , A .
rnarrn elo s,Pyrus malus,
S.malongena,Basolia
l a t i folia,Lycopersicum

eseulentum,Anona squamosa.
Cucumis u t i l i s sirnus. Puni cu s
granatum,
(Didacus)Collart
1 2 . c i l i a t u s Lo ev;

E t h i o p i a n ; O r i e n t a l Cucumis melo,var, momordica
Citrullus vulgaris,var.
f i s t u l o sus»tøomordica chara
ntia,C.utilissimus,sativus,
pubescens,Lu f i a c y l i n d r i c a ,
acutangula.Capsicum s p , L .
vulr;aris,C.indica,Coccinea
i n d i c a , C u c u r b i t a maxima.

(HeiiiiRyr,inodacus)Hardy
1 5.diversu:: Coq.
I n d i a ; íJepal; S r i
Lardea ; Thai 1 and

H. i n d i c a, P. KU a,1 ava, Suseni a
.jambo l a n a , ilusa sapi entum, C.
aur antiurn, L. v u l v a r i s. Luf fa
sp,C.manghas,Cucurbito pepo
S.verbascifolium,H,yristica
sp,I\aphanus s p .

( Lejşţoxyjia ) M a c qu ar t
14.1onfiistylus Y.'ied. S t h i o p i a n ; O r i e n t a l C a l o t r o p i s p r o c e r a
(Paradacus)Perkins
15.wat e r s i Hardy
India:Kodaikanal B ryonia sp
(Paratridacus)Shiraki
l 6 . c i t r o n e l l a e Kapoor I n d i a : P u s a
Citronella
( Polistomimetes)Endl.
17.01eae (Grnel)
P a l a e a r c t i c ; ]ithi Olea sp
opian¡Oriental
(Zeu^odacus)Hendel
18.caudatus Fab.
Oriental
Andropoκοη sorghum,P.ρersica
c a , C i t r u s sp
C.melo,var.momordica,sativus
1 9» Cucurbitae Coq.
'Jidespread
us,utilissiiiius, trigonus.pu
bescens,Cucurbita maxima,
moschata,C.vulgaris,var.
fistulosus,colocynthis,L.
vulgaris,M.charantia,Luffa
acutangula.cylindrica,aegy
ptica,Trichosantes dioica,
anguina,cucumerina,Coccínea
indica,Cephalandra i n d i c a .
Vitis t r i folia,L.esculent
um, S. melo ngena. Capsicum
f r u t e s c e n s , C a r i c a papaya,
P. gu a.i aya, P. p e r s i c a, Ci tru s
sp,Phoenix d a c t y l i f e r a .
2 0 . d u p l i c a t u s ( B e z z i ) I n d i a : Pac hin ar hi
P.persica
21 . t a u (Y/alker)
Oriental
H.indica,Citrus grandis,A.
sapota,C.maxima,T.anguina,
palmata, L. v u l g a r i s , L . a c u t a n
la,cylindrica.C.sativus,L.
eseulentuin,Citrullus sp,
l^ryonopsis l a c i n o s a .
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Trypetinae
22.Anoplomus Bezzi
22. flexuosus jiezzi
Phaeospilodes ;_ering
2 3 . bambusae Hering
C e r a t i t i s Macleay
2 4 . c api t ata* (V/i ed. )

India;J ava;Philippines

rio ru s sp

India:Coimbatore

Barn boo

Australia;Ethiopian;
N e o t r o p i c a l ; Hav/aii an;
Mediterranean;India:
Bihar

P.persica

Chetostema Rondan!
2 5 . completum Kapoor eje a l . I n d i a ; N e p a l
H y i o p a r d a l i s Bezzi
26.pardalina(Bigot)
I n d i a ; Pakistan;Kid<..le
i a s t ; Cyprus
V i d a l i a 2-D.
2 7 . c e r v i c o r n i s Brun.
India:Simla,Chakrata,
Pusa
Schistopterinae
Rhabdochaeta de Meijere
2 8 . a s t e r i a Hendel
Oriental
29»bakeri'Bezzi
Oriental
Tephri.tinae
I s o c o n i a Munro
3 0 . b i f a r i a Kunro
India:Coimbatore
A c a n t h i o p h i l u s Becker
31.helianthi(Bossi)
Europe;Asia;N.America
üioxyna Frey
32.sororcula(','/ied. )
Ensina H.-D.
33.sonchi(Linn.)
Trupanea Schrank
3 4 « s t e l l a t a Fuessley
Craspedoxantha Lezzi
3 3 . i n d i c a Zaka-ur-?:ab
36.oc t o p u n e t a t a Bezzi

Centaurea cyanus
C.melo, t r i t o n u s .
sativus,C»vulvaris
Juglans

renia

Ellipta alba
Blumesia balsemife
-ra
B a r l e r i a sp
C.cyanus,C.tinctorius

Tropical;Subtropic al

Bidens p i l o s a , C .
sulphureus

I n d i a ; ' f a i v/an; P h i l i p p ines

C.arvense,S.arvensi s

Palaearctic;Oriental;
Ethiopian;Australia

Calendola o f f i c i n a lis

India:Aligarh

Xanthiura s t r u m a t r i um
Gonicaulon ^labrum,
Anthea r o s e a , H e l i a n
-thus sp,Centaurea
sp

Burma; I n d i a ; Vietlfam
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2.Infested flower heads of
C.sulphureus

1.Pupae of A.helianthi in the
flower head of C.cyanus

3.Maggot inside the seed of
C. sulphureus

¿t.Pupa inside the seed of
Ç. sulphureus
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Insect/plant relationships in oliveflies:General aspects and new findings
V.GIROLAMI, A.STRAPAZZON & P.F.DE GERLONI
Istituto di Entomologia agraria, Università di Padova, Italy

Summary

In the summer, the olive fly returns to the olive trees;
this produces an increase in captures on different kinds
of traps. The actual population density also increases.
In the female gonads the number of developed eggs increase. Oviposition occurs after a few days except in dry pia
ces.
This reproductive behaviour seems to be regulated by the
emission of attractant and oogenesis stimulating substances from the host plant at a determinate ripening stage.
Oviposition itself undergoes further stimuli.
Fecundity is regulated by the availability of healthy fruit.
Extracts have been obtained^ from olives which stimulate
oviposition in artificial substrata at very low concentrations similar to the lowest pheromonic attractant doses.
In the laboratory, oviposition is also stimulated by vola
tiles from foliage and non-volatiles from the superficial
wax of olives.
The extracts from the olive also attract females in nature.

1. REPRODUCTIVE BEHAVIOUR IN NATURE
1.1 Return of the adults to the olive trees
In the summer the olive flies, dispersed throughout the area probably to search for food, return to the olive trees. An
increase in captures corresponds to this behaviour, independen
tly of the traps used (Fig.1), and there is also an increase in
adults killed by periodic treatments of the trees with insecticides (15) .
Although differences exist among the various methods (killing or chromotropic and chemiotropic traps, also pheromonic ones (12)), the phenomenon is quite evident in all olive groves,
in June-July in the more southern regions (Fig.1,A B C) and in
July-August in the northern regions or mountains (Fig.1,D E F ) .
CEC /lOBC Symposium /Athens /Nov. 1982
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Fig.1  Captures with yellow (broken line) or chemical (conti
nuos line) traps in different places and at different
times (JuneAugust). In Graphs C, D, F, the number of eggs in
the ovaries of the captured females are recorded (dotted line).
The arrows indicate the beginning of oviposition. The relation
between the increase in captures and the slightly delayed begin
ning of oviposition is evident in Graphs A, D, E, F, and alsoin
Β with respect to the yellow traps. Graph D relates to a mari
time area and F to the neighbouring mountains where all these
phenomena are delayed by about two weeks. In Graph C a dry area
is considered where oviposition begins one month after the first
increase in capture, that is, in August, in almost the same pe
riod as in northern and mountainous region (E, F ) . Data taken
from: A) (14); B) (13); C) (4); E) Author's unpublished data;
D) F) (3) .
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The phenomenon has been noted for a long time (14) and is
not linked to the emergence of the adults of the preceding spring
generation.
The return coincides with a rapid increase in the size of
the olives and is not hindered by any successive shrivelling of
the fruit due to dry conditions.
The occurrence of these phenomena is obviously connected
to the climate and especially to temperature and minimum rain
fall.
The flies gather on single trees which ripen early (4) or
which are irrigated (15) and so ripen early. Therefore the phe
nomenon depends on the physiological state of individual trees.
1.2 Egg production in the ovaries
In the early summer, the females dispersed throughout the
area have few developed eggs in their ovaries. With the increa
se in captures in the olive trees, an increase in the number of
eggs ready for oviposition is also observed (Fig.1,C D F: dot
ted lines).
This phenomenon has also been noted for many years (1) and
more recently related to the ripening of the olives (17).
Fletcher (6) claims that this is due to the coincidence of
favourable weather and the ingestion of the olive juice which
trickles from wounds caused by oviposition.
One should bear in mind, however, that the infertile;wounds
are made by females only in dry conditions and in southern a
reas for the purpose of drinking. The increase in eggs is a mo
re general phenomenon and precedes the beginning of oviposition.
1.3 Oviposition
In the north the first ovipositions on the newly formed o
lives occur shortly after the 'return', coinciding with a yello
wing of the fruit, and also in the south in rainy seasons (Fig.
1 graphs A D E F and also Β with respect to yellow traps). In
dry regions egglaying occurs later (graph C) or sometimes even
in autumn, if the olives remain shrivelled because of the lack
of rain.
Oviposition therefore follows, but is independent of the
'return' and is linked to rainfall or irrigation more than to the
return itself.
The olives themselves do not chemically attract the flies
from a distance; once the fly, however, has arrived on the oli
ves, attracted by the form and the colour, oviposition is che
mically stimulated (16). Sometimes oviposition is localized to
single branches of a tree.
Fiestas de Ursinos (5) reported variations in the oviposi
tional stimulation of olives, collected in different periods,
probably linked to chemical compounds.

260

1 .4 Egg dispersion and fecundity
The females usually lay only one egg per olive. The marking
of olives already occupied is connected with the olive juice
which trickles from the wound caused by oviposition (2) or vola
tiles released from the pulp lacerated by the larva (11). The
chemical signal comes from the host fruit and is not pheromonic.
In the laboratory, if females are offered olives with traces of olive juice on them, to simulate ovipositional wounds,
daily fecundity will decrease more than twentyfold. If only a
ratio of olives offered is treated, fecundity will decrease expo
nentially and inversely to this ratio (9).
It seems, therefore, that D.oleae can self-regulate fecundity, at least partially, depending on the availability of heal
thy fruit. This is based on the perception of the chemical compounds of attacked fruit.
2. ROLE OF OLIVE CHEMICALS IN THE REPRODUCTIVE BEHAVIOUR OF D.
OLEAE
2.1 Hypotheses
The main aspects of reproductive behaviour of the olive fly,
can be explained on the basis of chemical stimuli given off by
the host plant at different ripening stages and by the attacked
olives.This can be shown schematically:
a) just before the olive is in a favourable condition to
be attacked by the flies and before the first ovipositions, the
olive trees give off particularly volatile substances which attract the adults to the trees suitable for reproduction. The re
turn might also be linked to arrestant non-volatile compounds.
The emission of the above attractants may be anticipated,
along with the development of the olives, by irrigation or rain
fall, but nevertheless occurs even in dry conditions.
b) The same substances which attract the adults to the oli
ve trees, or others given off at the same time, ora combination
of these, stimulate the production of eggs ready f òr ovipositiòn
in the ovaries. The presence of many eggs may be explained by
the lack of reabsorption.
c) The actual laying of the eggs is stimulated by substances different from those responsible for the return, with which
they might act together. The ovipositional stimulants might be
non-volatile and localized on the olives.
The presence of these substances depends on rainfall on ir
rigation and might even not occur during dry summers.This could
also depend on inhibitory compounds.
d) As already noted, the distribution of eggs in the olives
is linked to the chemicals produced by the olives, some of which
might be volatile. It is probable that these substances regulate the fecundity of D.oleae (and even the dispersion of the a-
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dults in nature).
2.2 Known chemical aspects
Egg laying is stimulated by compounds derived from Oleoeuropeine, a phenolic glucoside of the olive tree (8). Ovipositio
nal deterrents are mainly lipo soluble compounds, water-soluble
orthodiphenolic substances are a minor component of the deterrent activity (11). Orthodiphenolic (3,4-Hydroxyphenil-ethanol,
a product of the hydrolisis of Oleoeuropeine (8), is considered
the substance which regulates the distribution of eggs in the o
lives (18).
Methanolic extracts from the oil fraction of olives stimulate oviposition in olive flies. Stimulating activity depends on
at least two substances which have a different solubility in pen
tane. In higher concentrations the extracts have an inhibitory
activity (10).
Volatile substances collected in a vacuum cold trap, stimu
late oviposition at very low levels corresponding to a quantity
inferior to the amount obtained from a single olive (7).
Substances related to orthodiphenolic compounds have been
found which either stimulate or inhibit the laying of eggs in
artificial substrata. Small differences in the molecular structure cause these contrasting activities (9). Large quantities
(1 mg. ca.) of these substances are necessary to obtain a biolo
gical result and therefore their role in nature is uncertain.
3. NEW FINDINGS
3.1 Materials and methods
Breeding techniques and comparison tests of oviposition
have already been published (11).
During the summer of 1982, at different ripening stages,
the wax on the surface of the olives was collected by rubbing
them with strips of filter paper. Plastic gloves were used to a
void contamination and the strips were sealed in glass test tubes and conserved at - 209C.
Extracts of volatiles from olives and foliage were prepared,
using a simultaneous distillation-solvent extraction apparatus
(a modified Likens and Nickerson apparatus).
The activity of these extracts has been observed in nature, placing them on yellow traps- in test tubes filled with gly_
cerine. Glycerine only was used on the Control traps.
The traps with the extracts (1 mg of dry raw product) were
placed on every other tree in the same row and the controls were placed between them. Two traps of the same kind were placed
on the same tree; a total of 12 trees and 24 traps were used.
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3.2 Laboratory results
The wax on the olives Been proved to contain ovipositional
stimulants. These substances seem to be present only on olives
suitable for attacks in nature. Tests have proved that these sub
stances are not volatile.
In extracts from foliage, volatile substances have been
found that stimulate oviposition when placed inside the usual
perforated ovipositional domes. The biological test used does
not permit a clear distinction between attraction and ovipositional stimulation.
The extracts in ether of volatiles from olives can be diluted millions of times and stimulate oviposition in the labora
tory. It seems, therefore, that these substances act in low con
centrations in the same way as pheromones.
3.3 Field results and general remarks
When used in nature, these extracts proved attractive for
females (Fig.2). Males were also attracted. The extracts remained attractive only for a few days, after which they seemed to
become repellent.
It has already been noted that these extracts contain both
ovipositional stimulants and deterrents. (The latter present in
attacked or lacerated olives). Different concentrations give con
trasting results.
Volatile compounds of extracts have different volatilities
and chemical stability. Their ratio, therefore, changes with ti
me. The presence of attractants/stimulants or repellents/deterrents can cause different results at different times, depending
on the minimum -threshold of activity of the substances and the
initial concentration of the extracts.The contrasting activities
at different periods, observed in nature (Fig.2), also occur in
the laboratory tests on oviposition. An extract, at a determina
te concentration, may be initially a deterrent to oviposition
but some hours later become a stimulant. This is the greatest
problem to be overcome before finding the fractions responsible
for the different activities of extracts. The oviposition of the
olive fly is irregular and the time of day when most ovipositions
occur is unpredictable, depending on sunlight and atmospheric
pressure and oviposition the day before. The same extract can pro
ve to be deterrent or stimulant, depending on when maximum oviposition occurs. Only from a perfectly purified product, can an
unequivocable result be expected.
Some results have, nevertheless, been obtained, in the laboratory and in the field, as shown in Fig.3.
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Fig.2  Captures of females of D.oleae on yellow traps with ex
tracts of volatiles from olives and on control traps.
The attractant activity at the beginning of the experiment, the
following indifference and probable repellent action may be ex
plained by the contemporary presence in the extracts of attrac
tants and repellents of different volatility, stability and persi
stence. Only the captures of females are reported. Relevant dif
ferences in the captures of males and females, however, were not
found. Capital and small letters = significant levels 99% and
95%, respectively, according to ANOVA.
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(olives detected by form
and colour)

ECG DISTRIBUTION IN OLIVES
FECUNDITY REDUCTION
ADULT DISPERSION?

Fig. Ξ - Schematic relation of various phenological phases of the olive; probable emission of chemical stimuli by the host plant or fruit and reproductive behaviour of the olive fly.
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Optical and chemosensory stimuli involved in host recognition
and oviposition of the cherry fruit fly Rhagoletis cerasi L.
H.Z.LEVINSON
Max-Planck-Institut für Verhaltensphysiologie, Seewiesen, FR Germany
A.HAISCH
Bayerische Landesanstalt für Bodenkultur & Pflanzenbau, München, FR Germany

Summary

The aim of this study was to find out to which extent the narrow host
spectrum of Rhagoletis cerasi is due to sensory barrières or unsuitable texture and composition of nonhost fruits. Preference or partial
avoidance of wax dummies being impregnated with either host- or nonhost- volatiles by gravid R. cerasi was demonstrated. The fruit volatiles derived from the fly-honeysuckle (Lonicera xylosteum)or sweet
cherry (Prunus avium)increased the rate of oviposition by 27 or 36%,
whilst the volatiles obtained from the fruits of the mealy tree
(Viburnum lantana), the cornel tree (Cornus mas)or the common dogwood (Cornus sanguinea) subdued it by 37, 33, or 52%, respectively.
The oviposition rate of R. cerasi can thus be enhanced by host fruit
odours or suppressed by the odours of nonhost fruits. Female cherry
fruit flies were found to lay 1.7- 2.2 times more eggs in wax dummies
displaying a luminosity contrast with the background (black dummies on
white surface) than in wax dummies which had the same coloration as
the background (either black or white). Thus the luminosity contrast
encouraged oviposition more than the odour of host fruits. Host finding of R. cerasi depends on phototelotactic and host recognition on
kineastïïetic as well as tactile behaviour responses, while the extent
of egg laying is regulated by host and nonhost odours.
1.

INTRODUCTION

Food acquisition for larval growth in the cherry fruit fly Rhagoletis
cerasi L. is restricted by a narrow host spectrum (MARTELLI 1932, THIEM
1935) including the fruits of several varieties of sweet and sour cherries
(Prunus avium, Fig. 1, Prunus cerasus) as well as the honeysuckles Lonicera
xylosteum (Fig. 2) and Lonicera tartarica. The Pruno- Ligustretum association of the Eurosiberian vegetation comprises, in addition to the above
host species, several nonhost species (OBERDORFER 1970) producing fruits
which more or less resemble the host fruits in appearance. Berries of the
cornel tree (Cornus mas, Fig. 3) and the common dogwood (Cornus sanguinea)
resemble cherry fruits (Fig. 1) with respect to colour, shape, surface as
well as distribution on the branches. Berries of the mealy tree (Viburnum
lantana, Fig. 4) and privet (Ligustrum vulgare, Fig. 5) resemble by shape
the fruits of Lonicera xylosteum (Fig. 2 ) , but occur as bunches. Despite
their external similarity with the host fruits, the above species failed to
support larval growth of R. cerasi. It was therefore desirable to find out
if the limited host acceptance in R.cerasi is due to sensory barrieres for
gravid females or/and an imbalanced, possibly toxic, food of unsuitable
texture provided by nonhost fruits.
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The importance of visual stimuli for host finding by R. cerasi has
been recognized long ago by ROB ERT WIESMANN ( 1937 a, b) and this
capability was later utilized by PROKOPY and B OLLER (1970) for inducing
cherry fruit flies to oviposit into thin walled wax dummies (Fig. 6 ) .
2. EXPERIMENTAL
Our observations revealed that female R. cerasi have a marked
preference for oviposition into unripe (yelTow) fruits of their hostplants
(HAISCH and LEVINSON 1980); oviposition in ripe fruits would result at
least in partial loss of the offspring, as most larvae will not be able
to complete their development before the fruits are harvested. Since
unripe fruits of Prunus avium, P_. cerasus or Lonicera xylosteum provide a
considerable contrast in luminosity with the background foliage, we in
vestigated the influence of this parameter on the extent of egg laying by
R. cerasi. The fruit dummies used consisted of thin walled domes
Theight 10 15 mm, base diam. 10 mm) made of black or whitish wax
(ceresin nb. 1577) placed against a white or black surface in a humid
atmosphere (Fig. 6 ) . The results revealed a clearcut influence of the si
multaneous contrast between dummy and background luminosity
on egg laying. As evident from Figure 7, gravid females of R. cerasi laid
1.7 2.2 times more eggs in black fruit dummies placed on wTrite back
ground than in black dummies on a black surface or in white dummies on a
white surface, respectively. It follows that contrast in luminosity is as
important as a spherical or ovoid shape, in order to promote normal
oviposition. Moreover, a smooth surface as well as a dome diameter within
the range of 5 25 mm were found to be necessary for egg laying of
R. cerasi.
The role of host and nonhost odours in the oviposition of cherry
fruit flies was investigated by exposing those insects to fruit dummies
(black dummies on white background) supplemented by such odour blends
and comparing the number of eggs laid in treated and untreated dummies.
The aeration apparatus used for obtaining the volatile emanations of host
and nonhost fruits is shown in Figure 8 a, b. It consists of a 3 liter
glass chamber (gc) and an adsorption column(a) containing »»16 g of
purified Porapak Q (ethylvinylbenzene divinylbenzene copolymer with
a mesh size of 50 80, Waters Associates Inc. Massachusetts, USA). An
air stream was passed for 48 hours through a charcoal filter (c) and a
flowmeter (fm) at a constant rate of 3 liters per minute over v1 kg of
unripe fruits to the adsorption column. The adsorbed material was extracted
with acetone, the extract condensed to a constant volume ( at 22 26°C),
and aliquots thereof applied to the wax dummies. A gravid female and a
male cherry fruit fly were exposed for 24 hours to a dummy impregnated
with the volatiles of a fruit species as well as to an untreated dummy
(control), and the number of eggs laid therein recorded. Those experiments
were conducted at 20 23°C, «Ί600 Lux, a photoperiodic regime of
L 14: D 10; they were repeated three times in succession employing
60 single females per fruit odour as well as controls.
As evident from Table 1, the host odours derived from unripe sweet
cherries ( Prunus avium) as well as honeysuckle (Lonicera xylosteum) in
creased the oviposition rate of R. cerasi by factors of 1.36 and 1.27 as
compared to control levels. The nonhost odours derived from unripe fruits
of the mealy tree (Viburnum lantana), the cornel tree ( Cornus mas) and
the common dogwood (Cornus sanguinea) reduced the rate of oviposition by
R. cerasi 0.63, 0.67 and 0.48 times if compared with respective control
Tevels, whereas the fruit odour of privet (Ligustrum vulgare) failed to

269

Table 1.

Odour s

Number of eggs laid by 20 female Rhagoletis cerasi into the
cavity of black fruit dummies with or without fruit odours

p

e

c

i

e

s

treateo^Tntreated

Prunus avium (host)
Lonicera xylosteum (host)
Ligustrum vulgare ( nonhost)
Viburnum lantana (nonhost)
Cornus mas (nonhost)
Cornus sanguinea (nonhost)

246
215
258
132
83
126

180
169
276
210
124
265

*/«*
1.36
127***
0.93
0.63
0.67
0.48

effect

"

s
s
η

d
d
d

*
ratio of treated to untreated dummies
**
chemosensory effect on oviposition:
s= stimulatory, d= deterrent, n= none
**
difference insignificant

alter the normal oviposition rate. It follows that the fruit odours of
two host species stimulate oviposition, those of three nonhost species
discouraged it, while the fruit odour of one nonhost species did not
influence the amount of egg laying. Since the oviposition rate of
R. cerasi can be either enhanced in presence of host fruit odour or
suppressed by fruit odours of nonhost species,it is likely that such
chemosensory stimuli rather exert a modulatory influence on egg laying.
DISCUSSION
The results of the present study partly answer the request of
WIESMANN (1937, b) for clarifying the role of host odours in oviposition,
and are also in agreement with the conclusions obtained by WIESMANN
(1937, b) and KATSOYANNOS (1979) concerning the preponderant importance
of phototelotactic orientation as well as kinaesthetic and tactile
responses for egg laying of R. cerasi.
Our results indicate further that the luminosity contrast exerted
by black dummies on white background encouraged oviposition of R. cerasi
definitely more than the odour emanating from unripe host fruits. Tt
became evident that the above optical stimulus induced up to 2.2 times
more egg laying than controls (Fig. 6 ) , while the olfactory stimuli of
unripe Prunus avium merely evoked 1.36 times more egg laying than the
controls (Table 1). Moreover, combined optical and tactile stimulation
elicited by ovoid shapes (diam. 4 22 mm) providing a smooth surface and
a luminosity contrast induce adequate oviposition in the cherry fruit
fly which can be intensified by the addition of host fruit volatiles.
According to KATSOYANNOS (1975, 1979) fruit acceptance for
oviposition also depends on some physical and chemical factors available
in the tissues and pericarp, among which the presence or absence of an
oviposition deterring pheromone is crucial. Despite the inabilitiy of
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the cherry fruit fly to grow in the fruits of nonhost species, a small
number of eggs may be laid in some of them (e.g. Aucuba japónica,
Berberis vulgaris, Cornus mas, Prunus laurocerasus and Ribes rub~rum),
suggesting that host unsuitability and chemosensory deterrence are not
ideally correiated.MoB ërate oviposition into certain nonhost fruits can
again be ascribed to predominant optico tactile stimuli along with
less important olfactory (gustatory) stimuli elicited by the nonhost
berries mentioned above.
The stereotype oviposition behaviour of the cherry fruit fly
certainly depends on an i η b o r η utilization of defined visual and
tactile stimuli which are not causally connected with the nutritional
requirements of the larvae (token stimuli). One may conclude that host
finding of R. cerasi depends o n p h o t o t e l o t a c t i c, host
recognition on k i n a e s t h e t i c and t a c t i l e behaviour
responses and that the extent of egg laying is regulated by means of
certain host and nonhost odours, the composition of which remains to be
elucidated.
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Figs. 1- 5. Some host (h) and nonhost (nh) fruits of Rhagoletis cerasi L.

1. Prunus avium (h)
2. Lonicera xylosteum (h)
3. Cornus mas (nh)
4. Viburnum lantana (nh)
5. Ligustrum vulgare (nh)
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Transparent cage (volume 420 ml) containing a black wax dummy (d)
which was either impregnated by fruit odour or left untreated.
The cotton wick (cw) provides water (w) for drinking.
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Fig. 8a
Apparatus used for the aeration of unripe fruits and collection
of their volatile components on an aïïsorbent powder (Porapak Q ) .
An air stream was first passed through activated charcoal (c)
and then over the fruits (f) to the adsorption column (a) at a

rate of 3 l i t e r s / minute. 3 L i t e r - glass chamber ( g c ) , flowmeter (fm),

Fig. 8b
Aeration of <v1kg of unripe (yellow- reddish) cherries which are
placed on a wire grid-in the centre of the glass chamber.
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The use of trace element analysis for determining the larval host plant
of adult Rhagoletis (Diptera: Tephritidae)
S.R.DIEHL*& G.L.BUSH*
Department of Zoology, University of Texas, Austin, USA

Summary

The limitations of traditional ecological genetic methods have made it
difficult to obtain precise and reliable information about gene flow and host
preference in Rhagoletis flies, which is of major importance to a proposed
mechanism of sympatric speciation via host race formation. A new
application of trace element analysis using neutron activation techniques has
been developed in order to identify the larval host plant of wild adult insects
captured in the field. Statistically significant differences in the concentration
of several elements were observed between collections of insects sampled
from the fruit of different species of sympatrically occurring host plants.
Resumé
Les méthodes écologénétiques traditionnelles n'ont pas fourni des don
nées précises et sûres sur la distribution des gènes à travers les po
pulations et le choix d'hôtes chez le Rhagoletis,
données qui sont né
cessaires pour expliquer le mécanisme proposé de spéciation sympatrique
résultant de la création de races de l'hôte. On a donc développé une
nouvelle application de l'analyse des traces d'éléments en utilisant
les techniques d'activation des neutrons, afin d'identifier la plante
hôte larvaire d'insectes sauvages pris dans la nature. On a noté des
différences significatives de concentration de plusieurs éléments dans
plusieurs groupes d'insectes pris dans différentes espèces de plantes
hôtes sympatriques.

1. INTRODUCTION
The observation of host shifts by frugivorous flies in the genus Rhagoletis from
their native North American host plants to introduced apples* and cherries represents
one of the major examples in support of the process of sympatric speciation via host
race formation (79, 15). R. pomonella shifted from native Crataegus fruit to
introduced apples about 120 years ago (53) and to domestic sour cherry (Prunus
cerasus) about 40 years ago (45). It has been proposed that these newly formed
populations, in the process of adapting to the particular biochemistry and
physiological properties of their host fruit, may develop reproductive isolation while
coexisting sympatrically without the influence of any geographic barriers to gene
flow or isolation by distance. R. fausta has undergone similar recent host shifts
from its native pin cherry (Prunus pennsylvanica) to domestic sour cherry, and
therefore has also been considered as another possible example of the type of host
race formation which, under the right conditions, may lead to sympatric speciation
(7, 15). Understanding this process of host race formation and its many ramifications
♦Present address: Department of Zoology
Michigan State University
East Lansing, Michigan 48824 U.S.A.
CEC /IOBC Symposium /Athens /Nov. 1982
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is of major importance, not only for efforts aimed at the elucidation of speciation
mechanisms, but also for the improvement of our ability to manage a wide variety
of harmful and beneficial insects in agricultural systems (16, 20).
One important aspect of this proposed mechanism of speciation is the
development of reproductive isolation among the sympatric host races through a
divergence in host preference behavior (9, 10). Since mating in these flies occurs on
or near the host plant (8, 15, 42, 46), as is typical of many parasitic species (41), a
consistent change in host preference results in a simultaneous change in mate
preference and a reduction in gene flow between populations which utilize different
hosts. Therefore, it is crucial to know if flies which fed on one species or variety of
host fruit as larvae consistently return to this host as adults for mating and
oviposition. Furthermore, the degree of fidelity of a female insect in the deposition
of her eggs preferentially on the host which she herself has fed on as a larva
(whether the result of host preference genes or some form of conditioning (26, 43))
is of critical importance in determining if a given intensity of selection acting on
the female's progeny will be sufficient to bring about genetic divergence of the
populations on the different hosts (10, 17, 31).
If it were possible to determine the species of larval host fruit which had been
used by adult Rhagoletis naturally foraging in the field, the question of fidelity of
host preference and the consequent gene flow between host races could be addressed
directly. It is logistically feasible to sample large numbers of flies from wild
populations of Rhagoletis on their host plants in the field (15). Flies may be
aspirated while in the act of mating, ovipositing, or while engaged in other
behaviors. Recently, there has been an expansion in the application of trace
element analysis, utilizing methods of atomic excitation spectroscopy, to a wide
variety of problems in the biological sciences (11, 23, 24). In particular, several
studies have demonstrated that the geographic source of origin of dispersing animals
can be determined by comparing the concentrations of naturally-occurring trace
elements in salmon (12), snow geese (28), and a number of insect species including
examples in the Homoptera (50), Coleóptera (32, 33, 51, 52), Lepidoptera (5, 34) and
Diptera (35). We therefore tested whether the larval host plant of adult Rhagoletis
flies at a single sympatric locality could be determined by examining naturallyoccurring concentrations of trace elements.
2. METHODS
Trace element concentrations were determined by neutron activation analysis,
which involves the production of radioactive isotopes in the sample material by
neutron bombardment and the subsequent detection by gamma spectroscopy of
decay emissions across a spectrum of energy intensities. Since each element decays
by giving off emissions of characteristic intensities, distinct peaks within the
spectrum are attributable to the concentrations of particular elements present in
the sample. Each fly was individually wrapped in mylar film which did not emit
substantial radiation in any of the same peak areas as the fly material. Samples
were irradiated for 30 minutes at 250 kW (a flux of 3 χ 10 1 2 n/cm 2 /sec). Individual
flies were counted upon removal at times of 5-20 minutes and again at 24 hours
after irradiation. A Canberra G e(Li) detector, ND2200 analyser, and NOVA 800
computer were used to accumulate the data and calculate total peak areas of
selected gamma radiation peaks (30).
R. pomonella were collected as larvae in infested naturally apple and sour
cherry fruit and R. fausta were collected from pin cherry and sour cherry in Door
County, Wisconsin during the summer of 1979. These fruit were held in trays over
moist vermiculite where the larvae pupated after completing their development
within the fruit. The pupae obtained from these collections were stored in moist
vermiculite in petri dishes and were chilled for over 5 months, which is necessary to
terminate pupal diapause (4), and were then warmed to stimulate adult ecolsion in
the laboratory. These flies of known larval host origin were held for one to several
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weeks in laboratory cages on a standard diet of sucrose, enzymatic yeast
hydrolysate, and well water before being frozen in liquid nitrogen for later analysis.
At least two weeks prior to neutron activation analysis, all specimens were removed
from the liquid nitrogen, permitted to thoroughly dry in open air, and then were
weighed.
3. RES ULTS
Quantitative analysis of the results indicated that four isotopes (Na2if, Mn^6,
38
CI , and K^2) were consistently present in large enough amounts to be detectable
against background emission (Fig. 1). Note that some elements emit radiation at
several energy intensities due to alternative isotope decay paths. Quantitative
analysis was performed on the peaks 56which exhibited the
clearest resolution and the
lowest background
interference (Mn , 846.8 KeV; Na2*, 1368.5 KeV; CI 38 , 1642.0
2
KeV; Κ** , 1524.7 KeV). Of these elements, Mn, Na, and CI were present in
dramatically different concentrations in R. pò monella flies which were collected as
larvae from different host fruit at a sympatric locality (Table I). Even the small
sample of R. fausta also showed a pronounced differentiation of Mn and Na
concentrations (Table II)·

1000

2000

3000

ENERGY (KeV)

Figure 1: Gamma emission spectrum after activation by neutron bombardment for
an individual R. pomonella female collected from sour cherry.
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Table I. Means and standard errors of elemental peak areas per mg for R.pomonella
flies collected as larvae in the host fruit and analysed as adults after eclosión in
laboratory cages and storage in liquid nitrogen. The unit of measurement is the
number of radioactive decay counts accumulated under each elemental peak,
summed by integration under the peak after subtraction of background emission.
Peak areas are standardized for differences among samples in the amount of time
which elapsed between removal from the neutron source and counting in the
detector to correct for the effects of exponential decay. A nonparametric statistic
was used to compare the means because the variances in Mn peak areas were found
to be unequal. Since no significant differences were observed between the sexes,
males and females were combined in our analysis.

Cherry flies

Apple flies

MannWhitney
(twotailed test)

Mn56

Na2*

Cp»

K«

158 + 8.8

208 + 13.3

113 + Ό

21+3.1

(η = 6)

(η = 6)

(η = 6)

(η = 6)

23*+ 33.1

78 + 10.8

41 ±11.7

29 + 2.3

(η =7)

(η = 8)

(η = 8)

(η = 8)

U = 36.0
ρ < 0.05

U = 48.0
ρ < 0.001

U = 48.0
ρ < 0.001

U = 10.0
p<0.1n.s.

Table II. Means and standard errors of elemental peak areas per mg for R. fausta
flies collected as larvae in the host fruit and analysed as adults after eclosión in
laboratory cages and storage in liquid nitrogen with units as in Table 1. The means
were compared using a parametic ttest because no differences in sample variances
were observed.
Mn56

Na2*

Cl38

K«

Sour cherry
flies(n = 3)

103 + 12.8

68 + 35.9

73 + 36.8

30 + 8.5

Pin cherry
f lies(n = 3)

233 + 21.7

296 + 21.6

148 + 35.9

35 + 6.9

t = 5.17, 4df

t = 5.43, 4df

t = 1.45, 4df

t = 0.43, 4df

ρ <0.01

ρ < 0.01

ρ <0.25n.s.

ρ < 0.7 n.s.

significance:
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4. DISCUSSION
Recent criticism of this proposed example of sympatric speciation has
emphasized the importance of documenting host preference behavior (18, 25, 39).
Allozyme surveys may be of limited use in resolving this controversy for several
reasons. Since these host shifts have occurred in recent historical times, the
divergence in gene frequencies may be too small to detect, even if complete
reproductive isolation exists between these host races (1). Alternatively, if
significant allele frequency differences are observed, it is not possible to positively
attribute the differences to either reproductive isolation with genetic drift of
neutral loci or natural selection acting on different parts of a freely interbreeding
population. Another possible approach would be to directly assay host preference
and mate selection behavior in controlled studies in the laboratory or field.
However, such experiments are often difficult to conduct under conditions
resembling the natural environment of many organisms including Rhagoletis flies.
Therefore, these over-controlled experiments may suggest conclusions in discord
with the actual behaviors exhibited by the animals when undisturbed in nature and
are thus suspect (l'i, 38).
Another method which should in theory enable us to arrive at a more definitive
answer to these questions is the technique of mark-recapture such as used to
distinguish the effects of gene flow and spatially heterogeneous selection in
Drosophila persimilis (49). Insects of known larval host origin could be marked,
released, and then recaptured in the act of mating or oviposition, thus providing a
direct estimate of the amount of gene flow between sympatric populations on
different host plants. Such necessarily large-scale dispersal studies have already
been conducted within a single host race of several economically important
Tephritid flies (2, 37). Unfortunately, due to the large local population sizes of
these insects and because the number of recaptures tends to be very small, markrecapture projects would necessarily involve a very substantial investment of time
and resources. Furthermore, the validity of such a study could still be limited by
problems of toxicity, behavioral changes, and loss of the mark (47, 51).
Ideally, what is needed is some form of naturally-occurring mark which would,
in essence, pre-label each wild adult fly with a "chemoprint" such that the identity
of its larval host plant could be determined. One method of identifying the larval
host plant of adult Heliothis zea utilized a comparison of fatty acid composition
(assayed by gas chromatography) of host plant tissue to that in adult insects reared
from known hosts (6). The results of this study suggested that such an approach
might be feasible. It has also been demonstrated in a study designed to examine
other questions that phenols in the diet of the tree locust become bound in the
cuticle (3). In addition, scent organ development and pheromone production depend
on the ingestion of pyrrolizidine alkaloids which naturally occur at high
concentrations in a subset of the larval host plants of Creatonotus moths (44).
These findings indicate that larval nutritional differences between different host
plant species can influence the chemical properties of adult insect tissue. The large
differences in trace element concentrations observed in the present study between
the laboratory-reared adult Rhagoletis collected from different larval host plants
suggest that this method might provide a means to determine the larval host plant
of wild adults in the field with a high degree of certainty.
It remains to be established whether these observed differences associated
with use of a particular larval host plant will persist despite possible contamination
due to adult feeding in the field (4) as some change in trace element compostion
over time has been previously reported (27, 35, 51). Research is currently in
progress which will investigate a number of additional procedures which are
available that may eliminate any possible distortion due to adult feeding (15). First,
instead of examining the absolute concentration of each element, the relative
amounts of two elements can be compared as a ratio which may exhibit greater
stability. This approach was utilized, for example, in the separation of sibling
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species within the Anopholes gambiae complex by a method of chemotaxonomy
based on comparing differences in the ratio of cuticular paraffins (13). Second, if
trace element concentrations are affected by differences in gut contents of the
wild-caught and laboratory-reared flies due to different adult food sources in the
field and laboratory, this problem may be resolved either by starving all flies or by
feeding the wild-caught insects on the laboratory diet for several days before
freezing for later analysis. Furthermore, it is known that different parts of the
insect's body differ in trace element concentrations (15, 52). Therefore, it may be
possible to obtain more consistent results by analysing only a portion of the body,
preferably a heavily sclerotized region of the cuticle, which might be expected to
change less in trace element concentration after adult eclosión than softer tissues
such as muscle or haemolymph. Lastly, we are currently exploring other techniques
of atomic excitation such as x-ray energy spectroscopy. It has been reported that
this method is tapable of assessing up to 50 different elements in the red turnip
beetle (51) although caution should be exercised in order to positively distinguish
between activity due to rare elements present at concentrations near the threshold
limits of the detection apparatus and background "noise"(32).
It may be considered surprising that the concentrations of these particular
elements are subject to influences of the larval environment. Since they are of such
crucial importance to a wide variety of metabolic processes, Na, K, CI, and Mn
might be expected to be buffered against change in concentration by homeostatic
mechanisms. It is therefore essential for future work to clarify, by a series of
controlled cross-rearings, whether the differences observed are due to a passive
"imprinting" of the organism by its larval fruit environment, as we assume, rather
than being due to genetic differences in metabolism between flies collected from
the different hosts. The R. fausta samples were obtained from sour cherries which
were naturally infested several weeks earlier in the season than the R. pomonella
sample as normally occurs (15). At this time the fruit look and taste distinctly
different to a human observer and they may also differ in their trace element
profile. Without additional data, this confounding factor makes it impossible to
determine whether any of the differences in the chemoprints of R. fausta and R.
pomonella might be due to genetic differences between the species as opposed to
environmental imprinting. Previous studies of insect trace elements suggest a
strong environmental influence (27, 35, 51). Similarly, the recently developed
method of identifying bacterial strains by mass-spectrometry is significantly
influenced by the growth medium employed (21, 22). This is in contrast to the
results of another new technique of chemotaxonomy which is based on a comparison
of cuticular paraffins in mosquitoes (13) where the results appear to be based on the
detection of genetic differences among the organisms.
The use of trace element analysis shows considerable promise for permitting
the determination of the larval host plant of wild-caught adult holometabolous
insects. Furthermore, some of our specimens used in preliminary trials not reported
here were dried in open vials for over a year, yet still gave consistent results. Thus
it may not be necessary to freeze samples prior to analysis which would considerably
facilitate the application of this technique in a field setting. This result also
suggests the possibility that larval host plants might be determined from pinned
museum specimens, thus opening up access to a wealth of new ecological
information about insect-plant interactions over long periods of time. Such
information would greatly enhance our ability to investigate evolutionary questions
concerning the interactions of insects and their host plants, as well as improve our
understanding of host relations and the status of biotypes in a wide range of harmful
and beneficial species (16) including many examples in the Homoptera (36),
Coleóptera C>8), Diptera (19), Lepidoptera C>0), and Hymenoptera (20, 29).

281

Acknowledgements
We wish to thank T.L. Bauer and A.H. Pradzynski for their assistance with the
neutron activation analysis; K.B.Sturgeon, B.E. Tabashnik, J.A. McLean, and T.J.
Bierbaum for critically reading the manuscript; and R.J. Prokopy, S.H. Berlocher,
L.E. G ilbert, M.C. Singer, and L.R. Lawlor for a wide variety of discussions relating
to the biology of Rhagoletis and insect-host plant interactions in general. This
research was supported by NSF grant DEB-8011098.
REFERENCES
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

11.
12.
13.
14.
15.
16.
17.
18.

AVISE, J.C. (1974). Systematic value of electrophoretic data. Syst. Zool. 23,
465-481
BATEMAN, M.A. (1972). The ecology of fruit flies. Annu. Rev. Entomol. 17,
493 -518
BERNAYS, E.A. and WOODHEAD, S. (1982). Plant phenols utilized as nutrients
by a phytophagous insect. Science 216, 201-203
BOLLER, E.F. and PROKOPY, R.J. (1976). Bionomics and management of
Rhagoletis. Annu. Rev. Entomol. 21, 223-246
BOWDEN, J., BROWN, G ., and STRIDE, T. (1979). The application of X-ray
spectrometry to analysis of elemental composition (chemoprinting) in the
study of migration of Noctua pronuba L. Ecol. Ent. 4, 199-204
BRIDG ES, J.R. and PHILLIPS, J.R. (1972). Fatty-acids of the imago of
Heliothis zea (Lepidoptera: Noctuidae): an approach to determining larval
hosts. Southern cooperative Series Bull. 169, 72-79
BUSH, G .L. (1966). The taxonomy, cytology, and evolution of the genus
Rhagoletis in North America (Diptera: Tephritidae). Bull. Mus. Comp. Zool.
Harv. 134, 431-562
BUSH, G .L. (1975). Sympatric speciation in phytophagous parasitic insects, in
Evolutionary Strategies of Parasitic Insects and Mites, P.W. Price, Ed.
(Plenum, New York), p. 187-206
BUSH, G .L. (1975). Modes of animal speciation. Annu. Rev. Ecol. Syst. 6, 339364
BUSH, G .L. and DIEHL, S.R. (1982, in press). Host shifts, genetic models of
sympatric speciation, and the origin of parasitic insect species, in Fifth
International Symposium on Insect-Plant Relationships, J.H. Visser and A.K.
Minks, Eds. (PUDOC, Wageningen)
BUTLER, L.R.P. (1979). The Analysis of Biological Materials (Pergamon Press,
New York)
CALAPRICE, J.R. (1971). X-ray spectrometric and multivariate analysis of
sockeye salmon (Oncorhynchus nerka) from different geographic regions. J.
Fish. Res. Bd. Can. 28, 369-377
CARLSON, D.A. and SERVICE, M.W. (1980). Identification of mosquitoes of
Anopheles gambiae species complex A and Β by analysis of cuticular
components. Science 207, 1089-1091
CARSON, H.L., NAIR, P.S. and SENE, F.M. (1975). Drosophila hybrids in
nature: Proof of gene exchange between sympatric species. Science 189, 806807
DIEHL, S.R. (1983). The Ecology and G enetics of Host Race Formation and
Speciation in Rhagoletis (Diptera: Tephritidae) (Ph.D. dissertation, The
University of Texas, Austin)
DIEHL, S.R. and BUSH, G .L. (1984, in preparation). Annu. Rev. Entomol. 29
FELSENSTEIN, J. (1981). Skepticism towards Santa Rosalia, or why are there
so few kinds of animals? Evolution 35, 124-135
FUTUYMA, D.J. and MAYER, G .C. (1980). Non-allopatric speciation in
animals. Syst. Zool. 29, 254-271

282

19.
20.

21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.

33.
34.

35.

36.

37.
38.

GALLUN, R.L. (1977). Genetic basis of Hessian fly epidemics. Ann. N.Y.
Acad. Sci. 287, 223-229
GONZALEZ, D., GORDH, G., THOMPSON, S.N., and ADLER, 3. (1979).Biotype
discrimination and its importance to biological control, in Genetics in
Relation to Insect Management, M.A. Hoy and 3.]. McKelvey, Eds. (The
Rockefeller Foundation, New York)
GUTTERIDGE, C.S., and NORRIS, 3.R. (1979). The application of pyrolysis
techniques to the identification of micro-organisms. 3. Applied Bacteriology
47, 5-43
GUTTERIDGE, C.S., and NORRIS, 3.R. (1980). Effect of different growth
conditions on the discrimination of three bacteria by pyrolysis gas-liquid
chromatography. Applied and Environmental Microbiology 40, 462
HAMILTON, E.I. (1979). The Chemical Elements and Man (Charles C. Thomas,
Springfield)
INTERNATIONAL ATOMIC ENERGY AGENCY. (1979). Symposium on Nuclear
Activation Techniques in the Life Sciences (International Atomic Energy
Agency, Vienna)
3AENIKE, 3. (1981). Criteria for ascertaining the existence of host races. Am.
Natur. 117, 830-834
3AENIKE, 3. (1982). Environmental modification of oviposition behavior in
Drosophila. Am. Natr. 119, 784-802
3UNGREIS, A.M., 3ATLOW, P. and WYATT, G.R. (1973). Inorganic ion
composition of haemolymph of the cecropis silkmoth: changes with diet and
ontogeny. 3. Insect Physiol. 19, 225
KELSALL, 3.P. and BURTON, R. (1977). Identification of origins of lesser
snowgeese by X-ray spectrometry. Can. 3. Zool. 55, 718-732
KNERER, G. and ATWOOD, C E . (1973). Diprionid sawflies: polymorphism and
speciation. Science 179, 1090-1099
KOKTA, L. (1973). Determination of peak area. Nuclear Instruments and
Methods 112, 245-251
MAYNARD SMITH, 3. (1966). Sympatric speciation. Am. Natur. 100, 637-650
MCLEAN, 3.A. (1980). Tracing the origins of a sawmill population of an
ambrosia beetle with X-ray energy spectrometry, in Dispersal of Forest
Insects: Evaluation, Theory, and Management Implications, A.A. Berryman
and L. Safranyik, Eds. (U.S.D.A. Forest Service, Washington and CANUSA), p.
25-40
MCLEAN, 3.A. and BENNETT, R.B. (1978). Characterization of two
Gnathotrichus sulcatus populations by X-ray energy spectrometry. Environ.
Ent. 7, 93-96
MCLEAN, 3.A., SHEPHERD, R.F. and BENNETT, R.B. (1979). Chemoprinting
by X-ray energy spectrometry - we are what we eat. in Movement of Highly
Mobile Insects, R.L. Rabb and G.G. Kenndy, Eds. (North Carolina State Univ.,
Raleigh), p. 369-379
MCLEAN, 3.A., STUMP, I.G., D'AURIA, 3.M. and HOLMAN, 3.(1979).
Monitoring trace elements in diets and life stages of the onion maggot,
Hylemya antiqua (Diptera: Anthomyiidae), with X-ray energy spectrometry.
Can. Ent. 11, 1293-1298
MULLER, V.F.P. (1971). Isolationsmechanismen zwischen sympatrischen
bionomischen rassen am beispiel der erbsenblattlaus Acyrthosiphon pisum
(Harris) (Homoptera, Aphididae). Zoologische 3ahrbuecher. Abteilung Fuer
Systematik. 98, 131
NEILSON, W.T.A. (1971). Dispersal studies of a natural population of apple
maggot adults. 3. Econ. Ent. 64, 648-653
PARSONS, P.A. (1981). Habitat selection and speciation in Drosophila. in
Evolution and Speciation, W.R. Atchley and D. Woodruff, Eds. (Cambridge
Univ. Press, London), p. 219-240

283

39.
40.
41.
42.
43.
44.

45.
46.
47.
48.
49.
50.
51.

52.

53.
54.

PATTERSON, H.E.H. (1981). The continuing search for the unknown and the
unknowable: a critique of contemporary ideas on speciation. South African 3.
of Sci. 77, 113-119
PHILLIPS, P.A. and BARNES, M.M. (1975). Host race formation among
sympatric apple, walnut, and plum populations of the codling moth,
Laspeyresia pomonella. Ann. Entomol. Soc. Am. 68, 1053-1060
PRICE, P.W. (1980). Evolutionary Biology of parasites. (Princeton University
Press, Princeton, N.J.)
PROKOPY, R.3. (1977). Attraction of Rhagoletis flies (Diptera: Tephritidae)
to red spheres of different sizes. Can. Ent. 109, 593-596
PROKOPY, R.3., AVERILL, A.L., COOLEY, S.S., and ROITBERG, C.A. (1982).
Associative learning in egglaying site selection by apple maggot flies. Science
218, 76-77
SCHNEIDER, D., BOPPRE, M., ZWEIG, 3., HORSLEY, S.B., BELL, T.W.,
MEINWALD, 3., HANSEN, K., and DIEHL, E.W. (1982). Scent organ
development in Creatonotos moths: Regulation by pyrrolizidine alkaloids.
Science 215, 1264-1265
SHERVIS, L.3., BOUSH, G.M., and KOVAL, C F . (1970). Infestation of sour
cherries by apple maggot: confirmation of a previously uncertain host status.
3. Econ. Ent. 63, 294-295
SMITH, D . C and PROKOPY, R.3. (1980). Mating behavior in Rhaeoletis
pomonella. VI. Site of early season encounters. Can. Ent. 112, 489-495
50UTHWOOD, T.R.E. (1978). Ecological Methods (3ohn Wiley & Sons, New
York), pp. 70-129.
STURGEON, K.B. (1980). Evolutionary Interactions between the mountain pine
beetle, Dendroctonus ponderosae hopkins, and its host trees in the Colorado
Rocky Mountains (Ph.D. dissertation, The University of Colorado, Boulder,
TAYLOR, C R . and POWELL, 3.R. (1977). Microgeographic differentiation of
chromosomal and enzyme polymorphisms in Drosophila persimilis. Genetics
85, 681-695
TURNER, R.H. and BOWDEN, J. (1982, in press). X-ray microanalysis applied
to the study of insect migration with special reference to rice bug,
Nilaparvata lugens. Scanning Electron Microscopy
TURNOCK, W.3., GERBER, G.H., BICKIS, M. and BENNETT, R.B. (1979). The
applicability of X-ray energy-dispersive spectroscopy to the identification of
populations of red turnip beetle, Entomoscelis americana (Coleóptera:
Chrysomelidae). Can. Ent. I l l , 113-125
TURNOCK, W.3., GERBER, G.H. and SABOURIN, D.U. (1980). An evaluation
of the use of elytra and bodies in X-ray energy-dispersive spectroscopic
studies of the red turnip beetle, Entomoscelis americana (Coleóptera:
Chrysomelidae). Can. Ent. 112, 609-614
WALSH,B.D. (1864). On phytophagic varieties and phytophagic species. Proc.
Ent. Soc. Phila. 3, 403-430
WHITE, M.3.D. (1978). Modes of Speciation (Freeman, San Francisco)

284

The response of the Queensland fruit fly, Dacus tryoni, to tree models
A.MEATS

School of Biological Sciences, University of Sydney, Australia

Summary
Response to plain and chequerboard lures of various colours and sizes
indicates that colour, contrast, grain size and silhouette effect are
all important stimuli.
The most successful combinations far exceed
the effectiveness of plain colours and can be related to the
physiology of the insect eye.
Les réactions aux leurres unis et en damiers, de couleur et de
tailles différentes, nous montrent que la couleur, le contraste,
la taille du grain et la sihouette constituent tous des stimulis.
Les combinaisons les plus réussies de ces éléments sont beaucoup plus
efficaces que les couleurs unies, ce qui tient à la physiologie de
l'oeil de l'insecte.

1 . INTRODUCTION
Sanders (1) and Moericke et_ al^ (2) pioneered the study of the response
of tephritids to tree models.
Moericke et^ al^ (2) used large sticky boards
of various shapes, sizes, edge contours and colours and noted the relation
of these details to catches of Rhagoletis spp.
Fluorescent yellow was the
most attractive colour but a yellow and clear chequerboard device on double
plexiglass was more effective than plain yellow.
The present paper reports on the relative attractiveness of boards
either painted in single colours (black, white and fluorescent colours of
red, yellow, blue or green) or painted in chequerboard patterns of two
colours in all combinations of the above.
Fluorescent versions of red, blue,
yellow and green were chosen because preliminary trials had shown that each
of these was more attractive than the equivalent non-fluorescent colour
with a similar spectral reflectance curve.
2. MATERIALS AND METHODS
Mature flies reared in culture, were released in mulberry trees and
captured on pairs of square boards (1 m χ 1 m) coated with 'Tangle-trap'.
The boards faced the trees 5 m from the edge of the canopy.
The canopy of
the trees extended from 1 m above ground level to 3 m above.
The boards
of each pair were 1 m apart and their bases were 1 m above ground level.
Each board was made of galvanized iron sheet (primed and painted) and was
supported on each side by a galvanized iron pipe of 50 mm diameter.
Each
pair of boards was either fully illuminated by the sun or had the sun
behind.
The method of testing was by means of 'paired comparisons'.
One
board of each pair was plain fluorescent yellow ('control board') and the
other ('test board') was painted either with a single colour or had a
chequerboard pattern of two different colours.
The peaks of the spectral
CEC /IOBC Symposium /Athens/Nov.
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reflectance curves for red, yellow, green and blue were 622, 520, 510 and
460 nm respectively.
The position of each board, both within and between paired positions
was rotated to counter any potential bias in results due to 'position
effect'.
The boards were cleared frequently to prevent a buildup of
trapped flies.
This procedure also enabled positions to be changed so
that the total catch of a given pair in any one position was similar.
In general, the 'grand total' catch for any one pair ranged from 10001500
flies, although in the case of pairs where the test board was particularly
unattractive we were satisfied with a grand total as low as 200.
3. RESULTS
3.1 Analysis
In order to deal with percentages in the range 0100 the results were
analysed in terms of the percentage of the total catch of a pair that the
test board received  i.e. 100 (test board catch)/(control board catch +
test board catch).
However, for the purposes of indicating relative
effectiveness, the results are presented below in terms of 100 (test board
catch/control board catch).
Thus a test board scoring 218% would be 2.18
times more attractive than a plain fluorescent yellow board.
3.2 Boards of single colour
The effectiveness of boards of single colour relative to yellow is
given in Table I (which also has chequerboard data).
The rank order for these 1 m χ 1 m squares is similar to that observed
for small boards (3) except that black now ranks with red in the middle of
the range instead of with white at the bottom.
Moericke eţ_ al^ (2)
proposed that a silhouette effect could be operating with large dark shapes
and a similar phenomenon is apparent in this case.
3.3 Chequers of 100 mm frequency
The relative effectiveness of chequerboard patterns is also given in
Table I.
These patterns, consisted of two colours in alternating squares.
Each square was 100 mm χ 100 mm, making a total of 100 squares per board.
In brackets beneath each score is the score expected if the effect of
each pattern was the mean effect of the two colours comprising it (as fore
cast by the scores of the boards with single colours).
The following is
given as an example.
The percentage caught on a red board out of a total catch on both red
and yellow boards was 25% whereas the percentage on green out of the
combined catch of the green board and its yellow pair was 46%.
The per
centage expected of a red/green chequerboard out of the total catch of this
board and its yellow pair is (25 + 46)/2 = 35.5.
In terms of attractive
ness relative to yellow, this is 35.5/(100  35.5) = 55%.
The actual
catch on yellow was 116%.
In the case of the chequer combinations with black, two 'expected'
figures are given.
The first is the 'expected' figure if black in small
squares is as attractive as it is in the 1 m χ 1 m all black square; the
second is the 'expected' score if the black in small squares has lost its
silhouette effect and has much the same effectiveness as white as proved
in separate trials (3).
In all cases where the 'expected' score does not differ significantly
from the observed figure it is given an asterisk.
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TABLE I
Relative attractiveness1 of 1 m χ 1 m boards in single colours or in
chequerboard combinations (yellow = 100)

Red
Red

Yellow

Green

33.3

Yellow

Green

Blue

White

Black

218
(60)

116
(55)

29.7
(22.1)

29.3
(18.6)

12.7
(34.4)
(18.6)*

100

222
(92.3)

88
(44)

74.2
(39.3)

76
(61.6)
(39.3)

85.2

73.0
(40)

74.2
(35.5)

83.8
(56.5)
(35.5)

Blue

12.6

White

5.3
(9.6)*

6.7

Black

15.3
(23.0)
(9.6)*
6.8
(19.3)
(6.7)*
35.3

Figures in brackets indicate 'expected' results for chequerboard
based on performance of boards of single colour.
*These 'expected' scores are not significantly different from observed.

3.4 Enhancing effect of chequerboard combination
Any two of the three most attractive colours (red, yellow or green)
when combined to give yellow/red, yellow/green or red/green chequerboards
constitute a far more attractive lure than expected and moreover they are
significantly more attractive than yellow alone which is the most
attractive 'single' colour. In particular the attractiveness of the
yellow/red and yellow/green combinations is more than twice that of yellow
alone.
Combinations of any of the three most attractive colours (red, yellow,
green) with the least attractive (blue or white) are significantly more
attractive than expected although not more attractive than yellow alone.
Where the two least attractive colours are combined in a chequerboard
pattern (white/blue) there is no significant augmentation of performance
above the expected level and attractiveness is very poor compared to yellow.
The performance combinations with black and another colour is
apparently inconsistent.
In a chequer pattern of black with yellow, green,
blue or white, the performance follows the same lines as outlined above if
the attractiveness of black in small squares is assumed to be similar to
that of white (i.e. poor).
There is some justification for this
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assumption as mentioned before.
However, the black/red combination does
not perform similarly to the white/red one  its performance is similar to
that 'expected' for white/red on the basis of colour alone.
3.5 Chequerboards of 250 mm and 25 mm frequency
Yellow/green chequerboards with a coarse pattern of 250 mm χ 250 mm
squares performed similarly to ones with 100 mm χ 100 mm squares.
Their
catches relative to all yellow boards were not significantly different at
206% and 222% respectively.
However a chequer pattern of yellow and
green squares of 25 mm χ 25 mm performed relatively poorly at 81% which is
not significantly different to the 'expected' score in Table I of 92.3%.
4 . 0 DISCUSSION
4.1 Attention, colour and contrast
It is obvious that much insect behaviour cannot be explained simply in
terms of receptor physiology and that central processing of sensory inputs
must be inferred in many cases (4).
It is possible to surmise that
spatial and temporal contrasts which are known to have a stimulating effect
on the attention mechanisms (5) may enhance the effect that colours may
have in their own right.
Two attractive colours in a pattern may therefore have more effect
than expected on the basis of intrinsic attractiveness.
The two most
attractive colours combined in a pattern may then have more attraction
than a combination of one attractive colour and one poorly attractive
colour.
It is also possible that two colours that do not command
attention will not do so either when put in a combined pattern.
It is worth noting in this context that the rank order of attractive
ness of chequerboard patterns in Table I (excluding red/black) is the same
as the rank order of the 'expected1 attractiveness  at least after noting
that some differences in score (+ 4%) are nonsignificant and assuming that
black can be expected to behave similarly to white.
A 'contrast effect' in a pattern depends of course on the pattern
being resolved.
In the case of the yellow/green chequerboard of 2.5 mm
squares it is to be expected from data on visual acuity in other diptera
(5) that the pattern would not be resolved further away than 1  1.5 m.
This pattern had an attractiveness similar to that expected on the basis of
colour alone and did not exhibit the proposed 'contrast effect' which might
have enhanced attractiveness.
An analogous argument may be put forward to explain the apparently
anomalous performance of the black/red chequerboard.
Red, being classed
as 'attractive' should (and does) exhibit the proposed contrast augmenta
tion in a pattern with other colours  except black.
There may have been
too little contrast between the red and the black squares to produce the
effect.
Further work on contrast sensitivity is obviously required to
confirm this point; it is required in fact to test the whole of the
'contrast augmentation' theory.
4.2 Silhouette effect
The performance of the blue/black and white/black chequerboards is
poorer than expected if black in the form of small chequerboard squares is
assumed to have the same effectiveness per unit area as it has in a
1 m χ 1 m square.
Black in small squares in combination with a non
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attractive colour such as blue and white appears instead to have an
intrinsic attractiveness similar to white.
It has already been noted that
when individual small boards are compared (3) black does rank with white in
attractiveness.
In other words it looks as though in a chequer pattern
the 'silhouette effect' is broken up.
Stuckenberg (6) reviewing work on the significance of stripes in
Equus zebra comes to a similar conclusion about a silhouette effect.
White stripes on some African game (notably zebra) appear to act as a
protection from attack by tsetse flies.
Tsetse flies attack uniformly
dark animals such as elephant, rhinoceros and hippopotamus much more often
than zebra; moreover flies attacked a black dummy of a zebra far more
often than they attacked a real zebra standing alongside.
Stuckenberg
points out that tsetses are attracted to the region of shadow beneath dark
rotund objects and that other methods of 'anti fly' camouflage such as
countershading (as in antelope) may be effective, or alternatively a
combination of stripes at the rear and countershading at the side as in
the impala may serve this function.
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Report on Session 4
J.G.W.JONES
Department of Agriculture & Horticulture, University of Reading, UK

The papers in this section were strongly orientated towards the
biotechnical aspects of evaluation and management of fruit-fly populations.
They provided a mathematical background for studies in population density
evaluation, the establishment of an optimal policy for mass trapping and,
in one case, the exploitation of the available technical information.
The importance of establishing the precise nature of the relationships
between population densities, rate of capture and extent of damage cannot
be overestimated if adequate biotechnological pest control systems are to
be established. The paper by Crovetti, Loi and Malfatti examined the
relationship between rate of capture and increase in fruit damage. Here
sampling was used to establish capture rates as an alternative to trapping.
Statistical considerations may render the reduced sample less effective
than the authors suggested in their paper but a major disadvantage of
sampling is its costliness to the producer which may be entailed by the
loss of part of his crop. The second paper by Argentesi, Cavalloro and
Di Cola addressed the question of the estimation of populations from
captures and introduced highly sophisticated mathematical techniques.
The phenological events in field populations of the olive fly were
related to temperature by Fletcher and Kapatos. This work should
contribute greatly to the simulation of field populations but there were
some reservations about the use of non-linear relationships between
development time and phenological events. If the deviations from the nonlinear curve were largely due to errors of observation, then the linear
relationship would reduce the errors of prediction« The paper by Carey
looked at the impact of intervention at different stages of the life cycle
on the population structure of the Mediterranean fruit-fly. It was noted
that these results were obtained using values for the variables which were
observed under uncrowded conditions. These values might have changed
under crowded conditions, particularly those for fecundity and mortality
rates.
The first paper by Argentesi, Cavalloro and Di Cola was not concerned
with biotechnical aspects but with human aspects of integrated peat
management systems. The use of artificial intelligence techniques was
advocated to deal with them.
Three proposals were made:1. The study of both the phenology and dynamics of fruit-fly populations is
of great value in the development of integrated pest management systems
and these studies should be continued.
2. An interdisciplinary project should be established for the purpose of
gaining a deeper understanding of the relationship between trapping and
population density. In particular, the following problems require
elucidation:(a) the area in which the trap operates,
(b) the efficiency of trapping and its measurement.
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An interdisciplinary project should be established to create a pilot
Expert System in integrated pest management for one or more relevant
crops. It should focus on:(a) the transfer and formalization of agricultural expert knowledge from
the farmer, the entomologist and others
(b) the operation and field testing of the performance of such Expert
Systems in pest control.
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The case for a systems approach
J.G.W.JONES
Department of Agriculture & Horticulture, University of Reading, UK

INTRODUCTION
The first consideration of agricultural research workers and farmers
in the evaluation and management of fruit-fly populations must naturally
be to protect the production processes in which they are interested from
the adverse effects of these populations. The subsequent levels of
production are then usually assumed to justify any control measures which
are employed. That this view can be sustained is supported on a world
scale by Duckham et al. (1976) who calculated that only about 12.5% of the
potential net photosynthesis on land actually cropped in the proportion of
the growing season used is realised as recoverable photosynthate actually
formed in food production. This inefficiency is far worse than the
inefficiencies associated with failure to crop land, failure to utilize
fully the growing season, the cropping index or the loss of food in
processing beyond the farm gate. Many losses actually incurred in the
process of farming account for this low figure but those due to pests must
amount to a very considerable proportion. Spedding (1975) has shown that
in the rice crop, for example, more than one-quarter of the potential
harvest (i.e. harvested crop plus total pre-harvest losses due to weeds,
insects and diseases) is lost to insects. It is hardly surprising,
therefore, that the producer attempts to control insect populations
regardless of other less immediate considerations.
The deliberations of this symposium are mainly directed to the biology
of fruit-flies and to control measures which may be of greater or less
practical value. The context of their use, however, is often ignored with
the results that they are less effective than they could be and that
unnecessary damage may be caused to the environment. Much is said, too,
about integrated and biological control. Before the advent of chemical
insecticides the farmer could only practise cultural and biological
control, because that was all that was available to him, and to that
extent he was engaged in integrated pest management. When chemical
insecticides were introduced, he naturally took full advantage of these
and in considerable measure abandoned his practice of integrated pest
management. It is only now, as the risks associated with the
indiscriminate use of chemical insecticides and the need to integrate all
methods of control are being realised, that integrated pest management is
again being employed.
2.

THE CHARACTERISTICS OF A SYSTEMS APPROACH

Now, however, the techniques available for integrated pest management
are much more sophisticated and they make it desirable that a sound
theoretical basis for their operation should be developed and that this
basis should be the systems approach. The systems approach has a number
of characteristics which make it valuable for this purpose. Its most
important characteristic is that it entails the study of new techniques
CEC/tOBCSymposium /Athens /Nov. 1982
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and processes in the context of some defined production system, natural
ecosystem or combination of both since no production system is practised
independently of its environment. It is necessarily both analytical and
integrative; it is multidisciplinary and, in order to understand the
interactions which occur between components of a system and between those
components and the environment surrounding the system, it is usually
behavioural in nature.
3.

THE CASES FOR A SYSTEMS APPROACH

There appear to be five very good cases for adopting a systems approach
to pest management.
First, there is the agricultural case. Agriculture is about the
fitting together of a variety of resources to produce a product or products.
This has to be done in the context of uncontrolled and often unpredictable
environmental constraints. The farmer exercises this function in an
undirected and simple fashion, at least with regard to the business aspects
of his enterprise, but this process requires recognition and formalization
into a methodology.
Second, there is the economic case. This is not unrelated to the
agricultural case in that agriculture is concerned to put together
resources in such a way that they are most efficiently used, i.e. that the
farmer's income is maximized.
Third, there is the ecological case. Many might regard this area as
outside the boundary of the crop protection system. They are, however,
being forced to recognise this is not so by the strength of public opinion
concerning environmental issues. There is therefore no longer any choice
other than to include ecological interactions within the boundaries of
the system. If we are to balance the beneficial effects of integrated
control programmes against the damage done to the environment, then a
systems approach is needed.
Fourth, there is what can only be described as the extrapolation case.
Extrapolation beyond the limits of one's observations is often regarded as
one of the most dangerous activities in biological research. If, however,
biological research is going to be applied, it is often necessary to do
just that. Where a systems approach is adopted there is less likelihood
that, where an unjustified or invalid extrapolation has been made from the
existing evidence, there will be a catastrophic collapse of the whole
system.
Fifth, there is the strategic case for using the systems approach.
There are often situations where persons other than farmers have to arrive
at decisions concerning pest management in such a way as to derive the
maximum benefit for the community as a whole. The systems approach
presents such persons with a valuable tool in making decisions but, in
addition, it provides a means of representing to any operator, at whatever
level, the place which his contribution occupies in the whole strategy.
4.

THE OPERATION OF THE SYSTEMS APPROACH

If it is assumed that a systems approach is desirable, how is it to be
practised? Methods ranging from the purely conceptual to the severely
mathematical may be used. Generally what are now considered to
characterise much of systems methodology are the moderately mathematical
methods involving optimisation techniques such as linear programming and
the more interpretative techniques of simulation.
These latter techniques have now been used with a considerable degree
of effectiveness over a number of years. As Argentesi et al. (1982) have

295

pointed out, they are unable, however, to take into account what may be
termed human elements in systems being studied. These elements arise from
the intuition, experience, reasoning and judgement of the human minds
involved in decision-making processes and may contribute much more to the
decision-making process than do the purely biological and economic data
which usually go into conventional simulation models. The means to
incorporate these elements of the human mind into computer programs and
simulation models lies within the province of artificial intelligence.
When these means have been mastered, the value of the model will be much
increased; it will remain essentially a simulation model but one improved
by the incorporation of the most important factors in decision-making.
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A new theoretical approach to the control and management
of fruit-fly systems
F.ARGENTESI & R.CAVALLORO
Commission of the European Communities, Joint Research Centre, Ispra, Italy
G.DI COLA
Institute of Mathematics, University of Parma, Italy

SUMMARY
During the last 20 years the theoretical study of the pest-crop systems has been
framed within the so-called "systems analysis" approach These studies have produced a remarkable stream of ideas and projects. Nevertheless, there is at present
the feeling that the complexity of pest-crop systems cannot be really captured
within the systems analysis approach.
The present paper, focusing on fruit-fly systems, will attempt to introduce some
new lines of thinking. We start from the idea that fruit-fly systems can be properly
described by non-general theories only. These non-general theories operate by topological delimitations and local formalizations so that the concept of a presence of a
global process described by "laws of movements" is ruled out. Within this new view
the interconnection of factors that can control pest-crop systems would become
more transparent and understandable. The focus of the proposed new approach is
that of the problems solving (and problems solution mechanisms) as organized and
implemented by human experts minds. Therefore, the major issue of the present paper will be that of redifining the pest-crop problems within the frame of the Artificial Intelligence techniques. Specifically an example of a fruit-fly system will be
given by providing a simple Expert System for its control and management.
1. INTRODUCTION
Agricultural and food processing technologies are facing the global and remarkable effort
that will be required to cope with the challenging objectives, problems and opportunities of
providing sufficient food for the world population. The worldwide potential of eco-biological
systems to provide resources - such as energy, land, water and air, continues to be eroded. These
resources must be conserved by reducing environmental stress and by improving resources management. During the past 10-15 years, large expectations were given to the so-called "systems
agriculture". This "systems agriculture" was intended as a systematic exploitation of electronic
data processing via modelling and optimization techniques. Designs within the above approach
were further sophisticated by improving sensoring and monitoring of environmental parameters
and conditions.
Crop protection intended as minimization of crop losses due to insects, plant diseases,
weeds, mematodes and rodents was considered achievable mainly by a rational use of synthetic
pesticides. For a future efficient and judicious employment of chemicals in pest control, it was
and it still is considered imperative to improve chemicals inherent biological properties, their
formulations, the way in which they are applied and the tactict of their use.
This form of improvement includes finding methods of combining pesticices with appropriate supplementary and alternative control methods. The extrapolation of this concept leads to
the idea of "integrated production", where for a given crop a global optimization is attempted.
The introduction of this idea of intergrated control (or integrated management) generates new
Research and Development lines:
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. improve pesticides design and application with species- specific and non-polluting products
. extend and ameliorate Integrate Pest Management Systems by:
a) research on the biology of pest development, pest-population dynamics, pest-host
relationships and interactions among pests,
b) development of appropriate forecasting techniques by determining economic thresholds and designing monitoring methods and devices,
c) combining pesticides or growth regulators with suitable cultural, biological,
physical, pest-genetical and plant breeding methods,
d) modelling of area-specific or crop-specific pest management strategies by "systems
analysis" and programming, including use of electronic data evaluation and processing.
This classical approach is basically focusing on two elements:
1) tools for integrated control;
2) strategies and methods for their application in an optimal fashion.
In the present paper we will concentrate on point 2) starting from a critical analysis
of the "systems agriculture" approach in order to define constraints and boundary conditions for new ideas and ways of thinking.
Taking advantage of the powerful aspects of the "system approach" and of mathematical modelling, we will propose a new framework which, in our opinion, could overcome
some of the weaknesses of the integrated pest management systems designed within the ideas
of the "systems agriculture". The leading concepts of the new framework are those concerned with the substitution of symbolic processing (e.g. pest management experts reasoning)
to the extensive numerical simulation of the system behaviour. The perspective changes induced by this new framework are, in our opinion, important and capable of modifying
drastically the design of future integrated pest management systems. Our basic point is
founded on the concept that crop-pest systems are too complex to be described in a useful
way, with the degree of detail adequate for integrated pest management, by an engineering
type of model. It must be noticed that this complexity is due to the fact that pest-crop
systems cannot be thought of as described for example by a unique set of equations (independently of their number and complexity), Le. a general law of movement of the system
is not credible in this case. As pointed out (Thorn, 1980), the only way of characterizing
these systems is by using networks of models operating topological delimination and local
formalization.
For the systems of the level of complexity of crop-pest systems, the confounding nature of the networks cannot be accounted for with the present day level of understanding of
the phenomena involved in agroecosystems. This is basically the reason why we believe that
simulation could be misleading and by using simulation for integrated pest management we
can get lost in a labirinth of models (Auge, 1980). On the other hand it seems clear that the great
majority of the systems to which humans are confronted with, are at similar level of complexity of the crop-pest systems. For instance, we can mention:
. medical diagnosis and therapy;
. management and control of complex industrial processes;
. planning of economical activities;
. strategic conduction of military actions.
Human experts in all these fields including integrated pest-management when supplied with
adequate information, can perform management very sucessfully. Experts way of working is
dominated by symbolic processing (or reasoning) and not by mathematical simulation.
Our proposal is to focus on Integrated Pest Management Systems by using a proper
combination of symbolic reasoning and data processing. The information processing systems
which realizes such combination are c all ed Expert Systems (ES) or Knowledge Based Systems (KBS).
The discipline of transfering human expert knowledge to computer programs (Expert
Systems) is called Knowledge Engineering (KE).
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The branch of computer science dealing theoretically with this problem is called Artificial Intelligence. The proposal of this paper is that of starting a new line of studies that in
analogy with "system agriculture" we can call "Knowledge Engineering Agriculture".
In the next paragraphs we will give our critical view on "system agriculture".
The following parts of the paper are devoted to the introduction of the knowledge based
approach to Integrated Pest Management. The Fruit-Fly topic will be introduced by describing the design of the fundamental architecture of an Expert System for the Integrated Pest
Management of an olive crop system. This Expert System is under development at JRC.Ispra,
in collaboration with the University of Sassari.
Finally, we will give our view on the possible future trends of the proposed new line
of approaching Integrated Pest Management.
2. A CRITICAL VIEW ON "SYSTEM AGRICULTURE"
An examination of the current research on the application of systems analysis to problems in agricultural pest management suggests that three basic approaches are at present in
1)

Srmulatior^apprqach

Biological realism and model completeness are stressed and models are used to explore
the structure and functioning of the system.
2)

Analytical approach

Fundamental subsystems structures are emphasized and models are used to develop
qualitative principles in ecology and resources management.
3)

0^e£ationjMe_arch_approach

Models (mainly of statistical nature) are designed to address specific management problems, and the analysis is directed to achieve quantitative solutions.
These three approaches are not always independent and mutually exclusive, for example
the operation research approach is often preceeded by the construction of a simulation model.
Rather, it is a question of emphasis: there is a trade-off between the biological realism of the
simulation model and the complexity of the numerical computations that can be undertaken
by placing the model in an operation research type setting (Getz and Gutierez, 1982). When
applied to Integrated Pest Management, intended as a large scale problem, e.g. designing a
decision system which can operate over an entire season or several seasons, the above mentioned approaches to models generation show intrinsic limitations. Simulation models which,
due to their procedural nature, could coordinate the complexity of the integrated pest
management tasks, usually switches between naive description and gigantic codes of a complexity frequently higher than that of the original agricultural systems. So we can say that
simulation models are usually not operational.
Analytical models are by definition not operation directed. In fact, these models are produced in order to understand basic processes of the systems, e.g. population dynamics.
Operation research models are usually of operational character but limited to specific simple
tasks such as optimization, statistical filtering of data, reconstruction of information, etc.
The basic problem which emerges at this point in "system agriculture" is how to organize the
existing operational models to operate on data and information of questionable reliability in
order to create a system capable of assisting the agriculturalist in making crucial management
decisions.

299

The answer of "system agriculture" to this problem is that of developing software management systems that:
a) contain extensive data files reflecting the current state of actual knowledge for a particular crop system;
b) incorporate population or management models that have been developed for that crop
system;
c) possess internal organizational structures that can respond, using input data (defining the
state of a particular field), to any one of a given set of crops and pests management
questions.
Such a system should ideally be flexible enough to incorporate new data, models, or information structures as they become available.
At present "system agriculture" seems to be incapable of organizing such a software
management system because of the basic procedural way of thinking of this approach to pest
management. The large variety of problems to be treated by the same Integrated Pest Management System cannot be accounted for by a simple and deterministic organization of procedures, models and data. Something more is required, we need an extention of the concept
of knowledge to take into account also heuristic knowledge and a system's organization more
powerful of the simple procedural organization. This organization has to draw on concepts like
knowledge base and inference procedure which will involve non-deterministic programming
and symbolic reasoning
Artificial Intelligence is the scientific discipline which will provide the required methodology. So, in order to overcome the operational weakness of the system analysis approach
to manage very complex systems, we need to move towards Artificiel Intelligence techniques.
The systems approach failure is due to the operational limits of one of its basic methods,
i.e. simulation.
In the next section we will introduce the basic ideas of knowledge engineering.
3. KNOWLEDGE ENGINEERING APPROACH TO INTEGRATED PEST MANAGEMENT
A useful concept capable in many instances of giving the idea of the differences between
traditional computerized systems and knowledge base systems (KBS), is the data-symbols
spectrum paradigm. This paradigm is illustrated in the following scheme:
KBS
symbolic^
(reasoning
J

Data

Symbols
Mata reduction)
data driven systems
Fig. 1 - Data-symbol spectrum.
Symbolic reasoning is operating on knowledge. The knowledge of an area of expertise, of a
field of practice, is generally of two types:
a) Facts of the domain, the widely shared knowledge that is written in textbooks, and in
journals of a field; that constitutes the kind of material that a professor would lecture
in a class;
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b)

equally as important to the practice of a field is the heuristic knowledge, knowledge
which constitutes the rules of expertise, the rules of good practice, the judgemental
rules of the fields, the rules of plausible reasoning.
The rules collectively constitute what the mathematician, George Polya, has called "art of
good guessing".
In contrast to the facts of the field, its rules of expertise, its rules of good guessing,
are rarely written down. This knowledge is transmitted in internships, apprenticeships.
KBS require, for expert performance on problems, heuristic knowledge to be combined
with the facts of the disciplines.
The act of obtaining, formalizing and putting at work these kinds of rules is what we
call "expertise modelling". In the modelling of expertise, we construct programmes called
Expert Systems or KBS. The goal of an Expert System project is to write a programme that
achieves a high level of performance on problems that are difficult enough to require significant human expertise for their solution, e.g. Integrated Pest Management.
An Expert System consists of two things: a knowledge base (KB), and an inference
procedure (IP). The KB contains the facts and heuristics; the inference procedure consists
of the processes that work over the KB to infer solution to the problems, to do analysis, to
form hypotheses, etc. In principle, the KB is separable from the IP.
In Fig. 2 we give two simple schemes which permit to contrast traditional software
systems from Expert Systems:
INFERENCE
PROCEDURE

DATA
BASE

KNOWLEDGE
BASE
_

Fig. 2 - Traditional and ES structures.
In order to provide some insights capable of giving a better idea of the characteristics
of Expert Systems, we need some description of the scientific issues underlying knowledge
engineering. What are the central scientific issues of the Artificial Intelligence field from
which these more applied research draws its inspiration? We will categorize these under
three headings:
1 ) the problem of knowledge representation. How shall the knowledge of the field be
represented as data structures in the memory of a computer, so that they can be conveniently accessed for problem solving?
2) the problem of knowledge utilization. How can this knowledge be used in problem
solving? Essentially, this is the question of the design of the inference engine. What
designs for the inference engine are available?
3) most important, is the question of knowledge acquisition. How is it possible to acquire
the knowledge so important for problem-solving automatically or at least semi-automatically, in a way in which the computer facilitates the transfer of expertise from humans
to the symbolic data structures that constitute the knowledge representation in the
machine? Knowledge acquisition is a long-standing problem of Artificial Intelligence.
For a long time, it was treated under the word "learning". Now it is possible to be more
precise about the problem of machine learning; and with this increased precision has
come a new term "knowledge acquisition research".
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This latter point is the most important of the central problems of Artificial Intelligence
research. The reason is simple: to enhance the performances of AI's programmes, knowledge
is dominating. The power does not reside in the inference procedure. The power of an ES
resides in the specific knowledge of the problem domain (in our case Integrated Pest
Management in Fruit-Fly systems). The most powerful systems we will be building, will be
those systems which contain the most knowledge. This knowledge is currently acquired in a
very painful way in which individual computer scientists (knowledge engineers) work with
individual domain experts (e.g. entomologists) slowly to explicate heuristics.
If applied AI is to be important in the decades to come, we must have more automatic
means for replacing what is currently very tedious, time-consuming and expensive procedure.
The problem of knowledge acquisition is the critical bottleneck problem in our approach
to Integrated Pest Management.
In the next section more specific details on this problem will be given for the specific
ES on olive crops management that we are currently developing. We can summarize the
two major concepts of knowledge engineering as follows:
1) the problem-solving power exhibited by an intelligent agent's performance is primarily
the consequence of its knowledge base, and only secondarily a consequence of the
inference method employed. Expert Systems must be knowledge-rich even if they are
method-poor;
2) experience, in many domain applications,has shown that the required knowledge is
largely heuristic knowledge (just what is missing in "system agriculture"): judgemental,
experiential, uncertain.
This knowledge is generally "private" to an expert, not because an expert is unwilling to
share publicly what he knows, but because is often unable to. This knowledge can be extracted by a careful analysis by a second party (a knowledge engineer), operating in the
context of a large number of highly specific performance problems.
The expertise being modelled is multi-faceted; an expert brings to bear many and
varied sources of knowledge in performance.
We think that heuristic knowledge is basically the information structure used by humans
in order to successfully interact with very complex systems. In this sense, Expert Systems
draw on the more flexible structure available (possibly generated by evolution). The reasons
for doing automatically the same type of procedure of human experts in a computer programme are manyfold. Specifically we can mention:
1 ) diffusion of expertise at low cost;
2) fusion of different expertises in the same system;
3) integration of large knowledge bases with large data bases;
4) improvement of experts performances.
In the next section we report briefly on the work in progress on an olive crops Integrated Management System developed with the approach of knowledge engineering. In this
project, the domain expertise is provided by the scientists of the Istituto di Entomologia
Agraria of the University of Sassari and the CEC - Joint Research Centre, and the Istituto
di Matematica of the University of Parma partecipated with the knowledge engineering
competence. This study is at the design stage only. Nevertheless, several interesting problems
are coming out both for what concerns knowledge acquisition and Expert Systems architecture.
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4. KNOWLEDGE ACQUISITION AND ARCHITECTURE DESIGN OF AN EXPERT
SYSTEM FOR OLIVE CROPS INTEGRATED PEST MANAGEMENT
1)
2)
3)
4)

This project started by defining the following points:
goals of the system to be developed;
biological organization of olive agroecosystems;
possible types of pest control;
medium-long term optimization of the system performances.

Point 1) defines the scope of the entire project: to provide a consultation system,
operating on objectives placed on a proper time horizon (e.g. 2 - 3 years), for making decisions concerning the protection (on economical principles) of olive crops extended in the
adequate geographical space (e.g. a given region). In point 2) the focus is on the basic features of the system of interest for our scope: identifying the pests and diseases involved in
olive-crop systems, Le. Dacus oleae, Saissetia oleae and Prays oleae, and Cicloconium.Extract
and represent the factual and heuristic knowledge available for what concerns heir behaviour and interaction with the olive-crops. Point 3) defines both factual and heuristic knowledge available about techniques of pest and disease control in olive-crops, i.e. :
. chemical control
. biological control
. agronomic control
. biotechnical control.
In point 4) we approach the knowledge and problems associated with what we will call
horizon specific intermediate goals, Le.:
. high or low long term expected production;
. high or low long term expected toxicological impact;
. high or low long term expected economical return;
The style of working was initially a long conversation with the domain experts mainly
oriented to reformulate their knowledge in a form suitable for a knowledge base design. We
felt immediately the need of better defining our goals and many of the original basic
hypotheses were changed at the end of the first discussion.
In order to develop a first ES in a short time period, we decided to use for the pilot
experiment an existing software for providing the inference engine. The selected software is
AL/X which is an inference engine practically taken from the Expert System Prospector
developed in the geological field (Duda et al., 1979). In the AL/X environment an Expert System
has two separate components:
. the knowledge-base. This is a text file which contains the rules that an expert uses or
applies to solve a problem. The collection of these rules form an inference network of
evidence-hypothesis relationship which can be represented diagrammatically;
. the AL/X programme. This acts as a knowledge-acceptor during construction of the inference net and run at a time as an inference engine to generate and explain advice on
demand.
There are two phases in the use of AL/X system. The first of these involves the expression
of the expert's knowledge in the form of a knowledge-base. This is then encoded in the
AL/X network description language and run using the AL/X programme to debug it. The
second phase involves using AL/X as a consultant. The user is assumed to want assistance in
solving a problem. The system acts as an expert asking the user questions and using the
answers given to evaluate the likelihood of various possible conclusions. At any time during
a consultation, the user may ask the system to elaborate a question, explain why a question
was asked or explain its effects on other hypotheses.
Our project on olive-crops ES is at present in an advanced phase of definition of the
knowledge base for AL/X. A schematic representation of the inference network is given in

303

Fig. 3. In this design, the global inference network has been subdivided into various subnetworks. Specifically we have:
a) pest control treatment network;
b) pests and diseases diagnoses network;
c) physical factors network;
d) economic evaluations network;
e) toxicological impacts network;
f) genetical resistence induction network.

ECONOMIC
EVALUATION
NETWORK

GENETICAL
RESISTENCE
NETWORK

TOXICOLOGICAL
IMPACTS
NETWORK
PESTS AND DISEASES DIAGNOSES
Saissetia
diagnoses
net

PHYSICAL FACTORS
NETWORK
Prays
diagnoses
net

Cicloconium
diagnoses
net

Fig. 3 - Inference network for AL/X olive-crops Expert System.
In the knowledge-base the expertise is fragmented in elementa ry network units called
production rules. Here we will give only an example of the structure of these rules giving
one of the production rules of the treatment network of the above scheme. The total
number of production rules for the entire system is expectec to be around 400 - 500. The
structure of rule 23 of the treatment network, for instance, is:
IF:
. the traps captures of Dacus oleae adults, early in the olive season, is more than 30 individuals per week, and
. the olive fruits themselves are of proper dimensions, and
. there is a high degree of credibility for a large olive production in the current harvesting
season, and
. the degree of credibility of a substantial rain during the next 3 days is low, and
. the expected toxicological impact is low,
THEN

treat the olive crop for a preventive treatment with Dimetoate chemical as specified by
standard procedures.
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Rule 23 as given above is simplified because it is not yet connected with the economical evaluation network. So the antecedents part of the rule could appeartoosimple at present
for a full scale system.
CONCLUSION
The basic concept of the new approach that we propose here is that of introducing the
use of heuristic knowledge as used by domain experts to overcome the weakness of the
"system agriculture" approach. This latter approach is unsuitable given the very complex
nature of pests-crop systems. The introduction of heuristic knowledge requires a new discipline to be on the focus, Le. Artificial Intelligence and specifically its applied branch Knowledge Engineering. Data processing and modelling are still required but now the use of models
and data is embedded in a symbolic reasoning process which dominates and controls the
entire system.
We believe that the future trend for the development of efficient Integrated Pest
Management Systems will be through Experts Systems. Therefore, Artificial Intelligence will
gain the position of central discipline. "KnowledgeEngineering Agriculture" will take over
"System Agriculture" because of its superior ability to cope with the coHrol of very complex
systems.
We hope that our pilot experiment onolive-crops Integrated Pest Management would
prove at least some of our ideas.

RESUME
UNE NOUVELLE APPROCHE THEORIQUE DU CONTROLE ET DE LA GESTION DES
SYSTEMES DE MOUCHES DES FRUITS
Pendant les 20 dernières années, l'étude théorique des systèmes insectes nuisibles-récoltes
s'est déroulée dans le cadre d'une approche dite d' "analyse des systèmes". Ces études ont
produit un remarquable courant d'idées et de projets. Toutefois, on a maintenant le sentiment
que la complexité des systèmes insectes nuisibles-récoltes ne peut pas être réellement saisie
dans ce cadre.
La présente étude, axée sur les systèmes Mouches des fruits, tentera d'introduire quelques
idées nouvelles. Nous partons du principe que les systèmes Mouches des fruits ne peuvent
être correctement décrits que par des théories non générales. Ces théories non générales procèdent par délimitations topologiques et par formalisations locales, ce qui écarte le concept
de la présence d'un processus global décrit par des "lois de mouvements".
Dans cette nouvelle optique, l'interconnexion des facteurs susceptibles de contrôler les
systèmes insectes nuisibles-récoltes devrait devenir plus transparente et mieux compréhensible.
Le point fort de la nouvelle approche proposée est la solution des problèmes (et les mécanismes de leur solution) telle qu'elle est structurée et mise en oeuvré par l'intelligence d'experts
humains. C'est pourquoi le résultat principal du présent article sera une nouvelle définition
des problèmes insectes-récoltes dans le cadre des techniques d'Intelligence Artificielle. On
donnera en particulier un exemple de système Mouches des fruits contrôlé et géré par un
Système Expert simple.

305

REFERENCES
1.
2.
3.
4.

R.O. Duda, J.G. Gesching and P.E. Hart, "Model Design in the Prospector Consultant
System for Mineral Exploration", Expert Systems in the Microelectronic Age, D. Michie
(Ed.) Edinburgh, Edinburgh University Press (1979), pp.153-167.
W.M. Getz and A.P. Gutierrez, A perspective on systems analysis in crop production and
insect pest management. Ann. Rev. Entornai. (1982) 27, pp.447-66.
R. Thorn, Parabole a Catastrofi, Intervista su Matematica, Scienza e Filosofia a cura
di G. Giorello e S. Morini, Il Saggiatore, Milano (1980).
M. Auge, L'uomo e il labirinto del mondo naturale, Proc. of the Conf. on Knowledge
as a Network of Models, Modena (1980).

306

Populations' dynamics parameter estimation in fruit-flies pest systems
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SUMMARY
The estimation of populations' dynamics parameters, such as absolute population
abundance and infestation efficiency, starting from both adult traps captures and
ovidepositions countings in infested fruits, is certainly a remarkable problem.
This study, after a review of some basic population dynamics models and methods,
presents a new approach to the estimation of both populations' absolute aboundance
and attack efficiency estimation. This approach is based on linear adaptive filtering
techniques.
Moreover, some simulation studies and analys of field data, related to Dacus oleae
Gmel. and Ceratitis capitata Wied. populations are given and discussed in detail.
The results achieved seem to be useful for the understanding of the fruit-flies systems.
INTRODUCTION
One of the more complex problems in population dynamics studies of fruit-fly pests is
the estimation of key factors which control the biological processes such as the recruitment,
development and death; these factors exercise a considerable influence on the population
level and on the infestation progress. Generally, in the management of an agricultural ecosystem, it needs some means that have high and efficient inferential properties (Welck et al.,
1978), which may suggest intervention strategies on the pest population and its effects;
therefore, the knowledge of these factors, together with the population and infestation levels
must be at the basis of any pest control program.
Since a few of these factors are directly observable, it needs to formulate adequate
mathematical models for the estimation of unknown parameters. These models deterministic
or stochastic, can be used to derive estimation, smoothing, filtering or prediction formulations (Hildebrand and Haddad, 1977).
This work is concerned with obtaining simple methods for the estimation of some key
factors of an agricultural insect pest, e.g. insect densities and their model parameters such as
trap-efficiency and recruitment rate. The techniques are general and may be applicable to
many insect species, however, we refer to the special cases of Dacus oleae Gmel. and Ceratitis capitata Wied.
Some basic conceptual problems are of importance for the estimation of population
densities when catch-effort schemes are involved. The determination of population densities
requires the existence of a proper metric, Le. we need a clear referent for the estimated
population number. This problem of fundamental importance is in some extent puzzling
density estimations where trapping is used for the dynamic sampling of the population.
In our opinion, this is a problem of biological nature because it requires the evaluation
of the domain of activity of a given trapping system. Once this domain is identified, the
estimated population number can be properly referred to a metric and the density evaluated.
In the present paper we approach only the modelling and population parameter estimation. The adequate definition and use of a population metric will be only mentioned and
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proposed for future research lines.

POPULATION DYNAMICS MODELS
It is assumed, without loss of generality, that the physical environment to be modelled
consists of a single tree on which traps have been placed; this assumption is taken in order
to have a simple and immediate counterpart to the trap catch effort. Within this assumption
we assured also the measure coherence of the estimated adults abundance with their model
variables, i.e. infestation, preimmaginai stages abundances. Let A(t) be the adult density for
tree, E(t) the preimmaginai stages density and i(t) the infestation density referred to the
fruit production; the dynamics of the pest population may be described by the delayed
system of ordinary differential equations (Cavalloro and Di Cola, 1980, 1981):
^

= M.s.A(tr)  m A .A(t)  X.A(t)

^

= μ.Α(Ι)  m E .E(t)  M.s.A(tT)

(1)

J.  ,.«.,
where: μ is the fertility rate, λ is the trap efficiency, τ is the developmental time, m£ and
m ^ are the mortality rates of the adults and the preimmaginai stages, respectively, s is the
survival function, i.e. the fraction of preimmaginals survived and recruited to the adult stage.
The solution of the system (1) requires the initial conditions:
A(t)=A 0 >

E(t)=Eo,

i(t)=0

for

t = 0;

A(t) = 0

for

t<0

(2)

This model is a straightforward description of the population dynamics which does not take
into account more complex processes involving migration, parassitization and so on; how
ever, it seems adequate to represent a typical subset of processes, associated with more com
plex systems, such as the recruitment, the pest development, the infestation and the trapping
action. Moreover, we intend also to represent in our modelling the processes of the observing
the system itself.
The main lack of such description is due to the neglecting of migration processes and
the environmental variability. The introduction of the modelling of the system observation
together with the need to account for missing processes, e.g. environmental variability, can
be tackled by introducing a suitable class of stochastic models. This will be done in the
following section, where the parameter estimation techniques are also given.

PARAMETER ESTIMATION
As a case study which can be considered is that of identifying the trap efficiency para
meter λ for the scalar discrete and simplified version of (1):
A(k + 1) = (1  λ ) . A(k) + a.A(k  r) + w(k)
y(k) = X.A(k)

(3)

z(k) = y(k) + v(k)
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where: w(k) and v(k) are zero mean white noise terms.
The least squares estimation of the parameter can be achieved simply by means of mini
mization of the function (Anderson and Moore, 1979):
J = Σ (z(i)  X.A(i))2

(4)

By using the matrix inversion lemma (Anderson and Moore, 1979), the estimation X^ may
be calculated recursively from:
Â(k+1) = (lX(k)) . Â(k) + aÂ(kT) + K.v(k)
C(k) = z ( k )  y(k)
y(k) = X(k) . Ã(k)

(5)

X(k) = X(kl) + P(k+1). A(k+1 ) . (z(k)  X(kl). A(k))
P(k+1) = P(k)  P 2 (k) . Ã 2 ( k ) . (A2 ( k ) . P(k) + 1)_1
where: K is the asymptotic gain of the steady state filter and α is a summarizing parameter
giving, when multiplied by A(tr), a balance factor of the input to the population.
Typical approach for the evaluation of Κ is that of testing the whitening achieved on the
innovation v(k). For a given problem, the value of Κ which provides the best whitening, has
to be used for the estimation of the trap efficiency \ .
When the population is sufficiently stationary, the parameter a can be set equal to zero
and the above scheme is sufficient to solve our estimation problem (Argentesi, 1981).
Otherwise, an adequate estimation of α will be required.
In the following section, an approach to the joint estimation of λ and α will
be attempted in the framework of the stochastic approximation. Since both mortality and
migration processes have been neglected, biased estimates of parameters are obtained when
these processes are significant

PARAMETER IDENTIFICATION USING STOCHASTIC APPROXIMATION
The evaluation of the parameter a from the contextual information is not always
possible and inacceptable biases could be created. In these cases it is advisable to look for
more adequate and complete estimation techniques: in particular stochastic approximation
could provide a suitable framework for this problem. The model (3) could be reformulated
as the scalar difference equation:
z(k) + ( X  l ) . z ( k  l )  a . z ( k  r ) = Xw(kl)+v (k) + (Xl).v(kl)av(kr)

(6)

which in vectorial form becomes:
z(k) =  Z T (kl)a + Xw(kl) + V T (kl)a

(6')

where a, Ζ and V are rdimensional column vectors:

'λΠ
a =

·

Γ z(kr)
Z(k1 ) =

v(kT)

V(kl) =
.z('kl)
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l_v(kl)J

The stochastic approximation algorithm is given by (Sage and Melsa, 1971):
a(k+r +1) = â(k)K(k/r+l). {Z(k+r). [z(k+r+l) + Z T (k+r)a(k)]  S ^ k ) }

(7)

This algorithm gives an unbiased estimation of λ and a. Sy is the measurement noise va
riance which is supposed known, Κ and Ρ are (rxr) matrices.
The filter gain Κ can be chosen in the following way:
K(k/T+1 ) = P(k+T+ 1 )/[ 1 +Z T (k + r)P(k)Z(k+r )]

(8)

where:
P(k+T+1 ) = P(k)  P(k).Z(k+r) . [ZT(k+r)P(k)Z(k+T) + 1Γ' Z T (k+r)P(k)

(9)

Initial values of Ρ and a must be given to start the algorithm. The application of these
techniques in numerical studies and on experimental data is in progress at the moment in
our laboratories. Preliminary results seem to give promising expectetion.

EXPERIMENTAL RESULTS
Results concerning both a numerical study and the analysis of experimental data will
be given in this section. The experimental data analysed are referred to field captures of
Dacus oleae Gmd (Rebell trap) and Ceratitis capitata Wied. (Jellow crossed trap). The collected
data are shown in Figs, l.a and l.b.
a)

Numerical study

The population dynamics and the trapping process have been simulated simultaneously
by using model (3) with the parameters:
A(0)=20;

τ = 4;

α = 1;

λ = 0.17

w(k) and v(k) have been generated as realizations of a white noise process with:
cov [w(i) w(j)] = 50 ô(ij)
cov [v(i) v(j)] = 25 δ(Η)
The simulated data have been analysed by means of the adaptive estimator (5). The results
achieved are in good agreement with the assigned parameter values.
b)

Experimental data analysis

The data of pest trapping given in Tab. 1, Fig. l.a for Ceratitis capitata and Fig. l.bforEfr
cus oleae have been analysed by using the adaptive estimator (5). From other evaluations,
"the parameter α has been set equal to 0.5 for Dacus oleae and equal to 0.7 for Ceratitis
capitata. With these values for a the optimal value (best whitening of the innovations) of Κ
has been found to be ~ 3 for both populations.
The estimated parameter values can be summarised as follows:
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Fig. 1.a
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Fig. 1.a Ceratitis capitata Wied.: adults weekly captures
Fig. 1.b Dacus oleae Gmel.: adults weekly captures

Ceratitis capitata Wied.
Time (weeks)

1 2

Captures

0

3 4 5
0 0

17

1 6

8
13 26

9

10

11

56 26

18

19 31

18

19

20

21

22 23

24

256 332

456

224

93

193 36

17

12

13

14

15

16

10 26 85

157

Dacus oleae Gmel.
Time (weeks)
Captures

1

6
8 9 10 11 12 13 14 15
6 9 15 15 16 21 24 16 16 10 15 7 8 5 103
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
406 353 102 74 11 14
1

Tab. I. Capture data of Ceratitis capitata (from 10779) by means of
crossed yellow traps and of Dacus oleae (from 176'81) by means
of Rebell traps (these data have been collected by the Istituto di
Entomologia Agraria of the Università di Sassari)
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Fig. 2.a Ceratitls capitata Wied.: estimated abundance of adult population
Fig. 2.b Dacus oleae Gmel.: estimated abundance of adult population
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Fig. 3 aCeratitls capitata Wied.: autocorrelation of the innovation (whiteness
measure of the estimator)
Fig. 3.b Dacus oleae Gmel.: autocorrelation of the innovation (whiteness
measure of the estimator)
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Ceratitis capitata

Dacus oleae
α
λ
Κ

=
_

0.5
0.15
3
70
200

a
λ
Κ
Λ

σ,„

=
=
=
s
^

0.7
0.2
3
70
200

In Figs. 3.a and 3.b we give a measure of the level of whitening achieved by plotting the
autocorrelation coefficient over time. Figures 2.a and 2.b give the reconstructed absolute
population densities.

CONCLUSION
We started with a rather simple class of models and recursive estimation procedures.
Within certain limits and constraints, the above techniques seem to be able of giving some
useful practical results for the estimation of pest abundance in fruitfly scenarios. Of course,
we are aware of the limited power of these techniques and we indicated new possible lines
for improvement; specifically the use of external representation models and stochastic
approximation methods could generate much more powerful tools for realistic pest popula
tion density evaluation in field.
It is our intention to proceed in this type of study, making use of larger spectra of
data (infestation, preimmaginai stages, etc.) and undertaking some large scale field study.
This undertaking will only be possible with deep involvement of fruitfly pest laboratories.

RESUME
EVALUATION DE PARAMETRES DE DYNAMIQUE DE POPULATIONS EN
SYSTEMES DE MOUCHES DES FRUITS
Un problème fort important est l'évaluation de paramètres de dynamique de popula
tions, tels que l'abondance absolu d'une population et la gravité de l'infestation, à partir
soit des piégeages d'adultes soit du comptage des pontes dans les fruits attaqués. Après
examen des modèles et des méthodes de base de dynamique de population, on présente une
première approche d'évaluation soit de l'abondance absolue des populations soit de l'imporr
tance des attaques. Cette étude est basée sur la technique des filtres linéaires adaptatifs.
On présente aussi et on discute en détail quelques essais de simulation et d'analyse de
données de plein champ, relatives à Dacus oleae Gmel. et à Ceratitis capitata Wied. Les
résultats acquis montrent la validité de la méthode pour la connaissance de systèmes de
populations de Mouches des fruits.
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A life table examination of growth rate and age structure trade-offs
in Mediterranean fruit fly populations
J.R.CAREY
Department of Entomology, University of California, Davis, USA

Summary
The chief findings of this demographic analysis include: (1) The
fraction of a medfly population in any one stage is little-related
to the duration or survival rate of that stage. The interrelatedness of (i) the duration and survival of all stages and (ii) adult
fecundity determines the internal composition of the population;
(2) If vital rates for non-larval stages in the field are identical
to those found in the laboratory, less than 0.2% of the larvae need
survive over a 10-day period to the pupal stage in order for the
population to replace itself; (3) Fecundity need be only 5-10% of
the maximum for population"replacement, so long as survival rates
and the duration of all stages are the same as in the laboratory.
The importance of both the pattern and duration of egg production
in the medfly far outweighs the importance of the level of egg
production.

Resume
Les découvertes principales de cette analyse démographique comprennent :
1) La fraction d'une population de moucherons (Cevatitis
capitata
Wied.)
à un stade nommé est peu liée â la durée ou au taux de survivance de ce
stade. L'interdépendance de (i) la durée et la survivance de tous les
stades et (ii) la fécondité adulte détermine la composition interne de
la population; 2) Si les taux vitaux pour les stades non-larvaires à
l'extérieur du laboratoire sont identiques à ceux constatés à l'intérieur du laboratoire : moins de 0,2% des larves ont besoin de survivre
pendant une période de 10 jours, arrivant à l'état de nymphes, pour que
la population se remplace; 3) La fécondité n'a besoin d'être que de 5 à
10% du maximum pour remplacer la population, tant que les taux de survivance et la durée de tous les stades sont les mêmes que dans le laboratoire. L'importance du type et de la durée de la production des oeufs
chez le moucheron l'emporte de loin sur le niveau de la production des
oeufs.
1.

INTRODUCTION
While some of the basic life history components for the Mediterranean
fruit fly, Ceratitis capitata Weid., are reasonably well understood, how
these parts quantitatively interlock and govern the larger dynamical picture of this pest are not well known. In a previous paper (A) I examined
the demography of this insect using analytical methods which were applied
to laboratory data obtained at 25°C (5). One aspect of this study revealed
that a medfly population would increase, in accordance with these laboratory rates, at approximately 10% per day and that eventually there would
exist a stable distribution of 6 eggs, 10 larvae and 3 pupae for every
adult. Although this analysis provided a first approximation of the growth
potential and internal structure of an unconstrained medfly population, it
did not examine cases in which the population may be growing with specified
life history constraints.
CEC /IOBCSymposium /Athens /Nov. 1982
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My objective in this paper is to extend a portion of the previous work
(4) by examining changes in growth rate and age structure of a medfly popu
lation in response to changes in stagespecific rates. Four life history
components were selected to examine in this context, all of which are com
monly associated with the rise and fall of medfly populations: birth rate,
larval development and death rate, and adult survival.
2.

METHODS

The original set of medfly life history parameters as well as many
of the pertinent medfly and demography references are given elsewhere (4).
The model used in the current examination was originally developed to ana
lyze the life history tradeoffs in a tetranychid mite population (3). The
same model and modeling techniques were used in the present analysis except
for adding (i) a set of agespecific elements to represent the pupal stage
and (ii) the appropriate medfly data. The formulae and definitions of the
finite rate of increase (λ) and the stable age distribution (SAD) of a pop
ulation are contained in both of these references. The value of λ, in
what I will refer to as an unconstrained medfly population [taken from
(4)], is 1.1. The fraction of this population in 2day age classes ranges
from over 0.10 for egg and young larval age classes to less than 0.001 in
older adult age groups.
3.

RESULTS AND DISCUSSION

3.1 Medfly Age and Stage Structure
The results of the medfly age shifts in response to different life
history alterations are presented in Fig. lac. They are given as ratios
of the fraction in an age class in the altered population (SAD') to the
fraction in that age class in an unconstrained population (SAD). The data
are presented in this manner in order to emphasize the pattern of age
shifts, as opposed to their particular quantity.
Reducing medfly growth rate by decreasing fertility produces the most
straightforward internal changes in the population (Fig. la). Considered
alone, this factor shifts a greater fraction of the population to the
older age groups as it is reduced to lower levels. Hence, a population
experiencing high fecundity will be more youthful than one experiencing
low fecundity. Lower birth rate is usually associated with population
"aging". Release of sterile medfly males into a native population should
roughly produce this effect.
Decreasing λ by intensifying larval mortality has a distinctly dif
ferent impact on medfly population age structure (Fig. lb). The effect
here is to shift a greater fraction of the population to the boundary age
groups—i.e., eggs and older adults. Proportions of larvae change very
little due to the offsetting effect of a larger fraction of the population
entering as young larvae. Similarly, the fraction of the whole population
in the adult stage is changed little; the smaller fraction of young adults
offsets the larger fraction of older ones. In short, the ratio of larvae
to adults in a population whose growth rate is reduced only by lower larval
survival should be little different than the ratio in the case of the
unconstrained population.
Increasing adult mortality clearly has another impact on the medfly
population age profile (Fig. lc). This alteration tends to shift age pro
portions in the population more toward the intermediate age groups—i.e.,

316

pupae and young adults. B ecause a smaller fraction of adults live to their
highlyfecund ages, proportions of eggs and larvae shift downward. The
effect Is to "age" the preadult population. As a result, the proportion
of the population shifted away from the older adults due to higher mortal
ity in this stage is overcompensated for by those individuals entering the
young adult ages. The net effect of increasing adult mortality in stable
medfly populations, all else fixed, is to slightly increase the proportion
in the population which is composed of adults.
α  Fecundity
b - L arval Mortality
c - Adult Mortality

Fig. 1.

Ratio of the fraction age χ in a stable but constrained medfly
population (SAD') to the fraction in a stable, unconstrained
population (SAD). See text for further explanation.

Despite the unique internal shifts in stable medfly populations gen
erated by changing each of the different life history components, at least
one qualitative parallel exists. B oth decreased fecundity and increased
adult mortality shift fractions away from larvae and to the adults. Ster
ile release programs and adult spray strategies may, in a loose sense, be
demographic equivalents with respect to causing similar internal changes
within some stages in medfly populations.
A more basic point can also be made. The fraction of a medfly
population in any one stage is never set solely or even chiefly by the
developmental time or survivorship of that stage. Nor is it set primarily
by fecundity. The population age profile is established by the interre
lated totality of rates. Medfly pupal duration is longer than any of the
preadult stages, yet the pupae are the least common of the stages in the
case of the stable, unconstrained population. Larvae in this same case
experience the highest mortality of all stages, yet are the most common.
However, these relationships will change with new rates for any stage.
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3.2 Medfly Population Growth Rate
The effects of altering medfly population growth rate (λ) by adjusting
larval daily survivorship ( P L ) and larval developmental time are presented
in Fig. 2. At a given temperature these parameters are usually set by host
species and host maturity (2); hence, different ranges of X's were labeled
in order to give them a more meaningful perspective. Although develop
mental and survival rates of medfly larvae have been examined on only a
handful of hosts (2), it is felt that the rates for larvae on a great num
ber of medfly hosts would fall somewhere in the range depicted in Fig. 2.
For perspective, note that a daily survival of 1 will, of course, allow
all larvae to attain the pupal stage; however, with a daily survival of
p L = 0.5, only 0.02 will survive for 6 days (0.56) and only 10~ 5 will
survive for 16 days (0.5 1 6 ).
A general point to be made here is that a "good" medfly host should
not necessarily be characterized as one in which larvae possess a rela
tively short developmental time. Survival must be taken into account
before the role of the host species in medfly population dynamics can be
quantitatively Isolated.

Fig. 2.

Relationship of devel
opmental time and daily
survivorship of larvae
(PL) to population growth
rate (λ) in the medfly.

LARVAL SURVIVORSHIP (p L )

Another point to be made from these results is that, at a fixed daily
survival value ( P L ) but an increasing developmental time, a smaller frac
tion of larvae will attain the pupal stage. These larvae are exposed to
more days of risk. This accounts for the nonlinear relationship of the X's
with respect to development and survival.
Many researchers have reported that total larval mortality in medflies
is unusually high, particularly in citrus hosts (1, 2 ) . In citrus, large
numbers of larvae die in the peel and never reach the pulp. While this
information is extremely important, it does not indicate how this rela
tively high mortality affects the overall population growth rate. Using
the information given in Fig. 2, I determined the total larval survival
(as opposed to daily survival) and its relationship to λ and to the dou
bling time (DT; λ > 1) of a population or its halflife (HL; λ < 1 ) . These
results are given in Table I. It is clear that larval survival must be
exceedingly low before λ approaches stationarity (λ = 1 ) .
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Table I.

Medfly population growth rate (λ) and doubling times (DT)
or halflives (HL), given different larval survivorship values.
Analysis assumes optimal rates in all other stages and a
10day larval duration.

λ^

Total Larval Survival

10°

1.12
1.07
1.02

ioi
102
IO 3

.99
.92
.90

io"
ΙΟ 5

DT/HL (days)
6.09
9.86
34.50
68.97
8.63
7.24

(DT)
(DT)
(DT)
(HL)
(HL)
(HL)

The results show that if all other vital rates in a medfly population
are optimal, only 10% of all larvae need survive for the population to
double approximately every 10 days. If 1% of the larvae survive, the
population will still continue to increase by about 2% a day. Note that
stationarity (λ = 1) is not approached until larval survival is around
0.1% ( 1 0  3 ) . In short, high fecundity and adult longevity tend to over
compensate for extremes (within limits) in larval mortality. Their roles
in the medfly demographic picture will be examined next.
The relationship of adult daily survival (p) and gross reproductive
rate in the medfly to λ is presented in Fig. 3. These results merit sev
eral comments. First, reducing the level of egg production at high levels
of adult survivorship has very little impact on λ over most of its range.
Second, this level must be reduced by over 9095% of its original value at

100

200

300

400

GROSS REPRODUCTIVE RATE
Fig. 3.

The finite rate of increase (λ) in the medfly as a function
of its gross reproductive rate (total eggs laid in lifetime) and
adult daily survivorship (p). Shaded area indicates negative
growth (λ < 1 ) .
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high adult survivorship (p >_ 0.9) before stationarity is approached. This
suggests that population control with sterile releases (assuming equal
competitiveness) will require a minimum of a 10:1 (sterile to wild) ratio
before population growth will be halted. Another way to view this is as
follows: if medfly females lived an average of 30 days, as was found in
(5), and all other vital rates in the population were fixed as before,
these females would have to lay only 1 egg per day in order to insure
population replacement. In general the importance of the pattern of egg
laying and the longevity of the adults tends to outweigh the importance
of the level of egg production. Third, at peak fecundity, daily survivor
ship of adults must be reduced to roughly ρ » 0.66 before stationarity will
occur. In other words, if all other population rates are fixed, over 95%
of the adults in the medfly population must die each week (0.667 = 0.95)
before a decline in the overall population level will occur.
4.

GENERAL DISCUSSION

There are two major problems with literal interpretation of the
results of this analysis. The first is that no medfly population can
ever be expected to attain complete stability. Vital rates would have
to remain constant for 45 generations before complete convergence would
be attained; but even if these rates were constant, peaks and troughs in
both growth rate and age structure would exist in the initiation/stability
interim due to the intrinsic dynamics of the population renewal process.
The second problem is that stagespecific rates in the medfly are
sometimes interlinked (e.g., temperature) while at other times they are
not (e.g., spraying). The assumption in this analysis was that these
rates were independent, but the number of possibilities of simultaneously
altering survival and development of all stages (as well as fecundity) is
exceedingly vast. Therefore, an analysis of this sort lies well beyond
the intended scope of this paper.
Both of these represent serious conceptual problems. Yet, it is
felt that the scientific implications of not considering medfly population
stages as being quantitatively (and not just biologically) interlinked is
far more serious. This is irrespective of virtually any assumption.
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An evaluation of different temperature-development rate models
for predicting the phenology of the oliveflyDacus oleae
B.S.FLETCHER & E.T.KAPATOS
Olive Institute, Corfu, Greece

Summary
The development times of eggs, larvae and pupae of D. oleae were
determined at constant temperatures and under conditions similar to
those normally experienced in the field. A comparison of observed
development times under field conditions with those predicted by a
linear thermal summation model and a non-linear model, based on a
4° polynomial function derived from the development rates at constant temperatures, indicated that the linear model was generally
more suitable for predicting the phenology of the olive fly, except
for larvae during the July-August period. The best predictions
during this period were obtained from a non-linear function fitted
to development rates plotted against mean day-degree values.
Résumé
Les périodes de croissance des oeufs, larves et pupes de Dacus
oleae
furent déterminées à des températures constantes et dans des conditions
identiques à celles rencontrées dans la nature. Une comparaison de ces
périodes de développement dans des conditions naturelles et celles prédites par un modèle linéaire, composé d'un ensemble de températures
journalières et d'un modèle non-linéaire, basé sur une équation de 4°
polynôme, provenant du taux de développement à température constante,
montra que le modèle linéaire convenait généralement mieux dans la
prédiction de la phénologie de la mouche de l'olive mis â part le développement des larves durant la période de juillet/août.
Les prédictions les plus justes durant cette période furent obtenues
par une fonction non-linéaire, adaptée aux niveaux de développement comparés à une valeur moyenne de la température journalière.

1.

INTRODUCTION
The ability to accurately predict the development times of the
different life stages of the target insect in the field is an important
factor in pest management planning. This is because it enables the
phenology of the pest to be simulated and allows predictions to be made
about the number of generations per year and the length of each generation. It also enables the time of occurrence of particular population
events (e.g. adult emergences), that may be important from a control
standpoint, to be determined.
Temperature is normally the most important single factor determining
the development rates of insects and various models have been used to
simulate temperature-dependent development rates and predict phenological
events. In some species, the development rate-temperature curve deviates
so little from a straight line that development times in the field can be
predicted accurately by a linear temperature summation model using the
day-degree concept (4,13,8). For other species, models using either a
sigmoid or some other non-linear function to simulate the temperatureCEC / IOBC Symposium /A thens /Nov. 1982
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development rate relationship, improve the accuracy with which development times can be predicted (7,9). Sometimes different models are
necessary for the accurate prediction of different stages of the same
insect (7).
To determine which kind of model(s) was most appropriate for
simulating the phenology of the olive fly, Dacus oleae (Gmelin), we
examined the performance of a linear summation model and two non-linear
models, using data on development times of the egg, larval and pupal
stages reared under field conditions. Factors affecting the maturation
rates of adult females have been presented elsewhere (2).
2.

THE TEMPERATURE-DEVELOPMENT RATE RELATIONSHIP UNDER CONSTANT
CONDITIONS

To establish the relationship between development rates and temperature for the immature stages of D. oleae under constant conditions, the
time required for 50% of individuãTs (TD5Q) to complete the development
of a particular stage was determined at a series of constant temperatures
between 12° and 34°C.
The eggs and larvae used in these experiments were obtained by
allowing females which had been bred from field collected olives to
oviposit into olives of the local Corfu variety 'Hanoi la'. The fruits
were then placed in specially designed plastic boxes (which maintained a
high humidity to stop desiccation) inside constant temperature cabinets
set at the appropriate temperature. Samples of fruit containing at
least 50 individuals were then taken from the cabinets at regular intervals and dissected to determine the percentage that had completed the
egg and then the larval stage. The pupae were obtained by collecting
infested fruit from the field and allowing the emerging larvae to pupate
in sand. Pupae formed during a 2-3 hour period were divided into batches
and placed in closed petri dishes in the constant temperature cabinets
and examined regularly for adult emergences.
The TD50 values were determined by regression analysis of percent
individuals (after an arc sine transformation) that had completed the
appropriate stage plotted against time (in days). The relationship between development rates and temperature for each stage was then examined
by plotting IOO/TD50 values against temperature and fitting appropriate
functions to them. The two most commonly used functions are the linear
and sigmoid curves (1) as shown fitted to the egg data in Fig. 1A.
Although the sigmoid curve normally gives a better fit than the linear
curve over the greater part of the temperature range neither function is
able to accommodate the decrease in development rates that usually occurs
at higher than optimum temperatures.
Precise estimation of the lower temperature threshold for development is difficult using data obtained at constant temperatures because
it is usually below the lethal threshold and thus cannot be determined
directly. Instead it has to be calculated by extrapolating the development rate curve back to the x-axis. The sigmoid curve, therefore, provides a poor estimate of the lower threshold because it approaches the
x-axis asymptotically. Even the use of the linear curve presents problems because of the non-linear relationship between develpoment rates
and temperature. The slope of the curve and thus the point where it
intersects the x-axis, depends upon the range of temperatures used to
calculate the regression. It was considered, therefore, that the best
estimate of the lower temperature threshold could be obtained by fitting
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a linear regression to log100/TD50 values plotted against temperature,
using the lower end of thetemperature range only (i.e. 24°C and below),
With this method, values of 6.3, 8 and 8°C were determined as the
lower thresholds for eggs, larvae and pupae respectively. These compare
with values of 7.69, 7.65 and 9.1 calculated in the normal way for a
laboratory population of D oleae reared on an artificial diet at 25°C
for a number of generation s (10,11) ; approximately 6°C for all three
stages reared in olives in Italy (3); and 6 and 10°C for eggs and larvae
in olives under field cond itions in Crete, when calculated by a different
method (6).

13

19

25

37

TEMP. (C)

B.
r

63

(

Α\υ!τ·

L.T.

m\ 1'

/ m

/

49

/

0

«1

°

\ι

l\

/

35

'\

1 \

f

1 \

O

2

ι
ι
ι

21

1

\
\
\
I

1 1
1 1

7
f i t

ι

13

ι

ι

1

19

ι

25

ι

ι

31

ι

1
1
1
1
ι 1 1 1

37

TEMP. (C)

Fig. 1. A. Development times of D. oleae eggs at constant temperatures
and linear and sigmoid curves fitted to development rate values (100/
TD50). B . 4° polynomial curve fitted to 100/TD50 values for eggs at
constant temperatures. The upper and lower lethal thresholds are
also shown.
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By setting the lower threshold, and if necessary an upper threshold,
it is possible to fit a 4° polynomial function (i.e. 100/y = a + bx + bx'
+ ty + b^x4) to the temperature - 100/TDgg values which describes the
overall temperature-development rate relationship better than the sigmoid
or linear curves, particularly at the upper end of the temperature range,
as shown for eggs in Fig. IB. This type of function, therefore, was used
for generating the data fed into the non-linear model evaluated here for
predicting development rates in the field. This polynomial function is
analagous in many respects to the sigmoid function utilized by Stinner,
e_t al_. (9) except that it has a fixed lower threshold and the curve is
asymmetrical about the thermal optimum, properties which make it more
suitable for simulating develoment rates in D. oleae.
3.

DEVELOPMENT RATES UNDER FIELD CONDITIONS

To determine the rates of development of eggs and larvae under conditions similar to those normally experienced in the field, fruit that
had been infested at known times by flies reared from field-collected
olives were placed in plastic containers, similar to those used in the
constant temperature experiments, and placed outside in a shaded area
close to the laboratory.
They were subsequently sampled at regular
intervals and the TD50 values for the eggs and larvae calculated as
described for the constant temperature experiments. The hourly temperature records used in the calculation of day-degrees were obtained from a
thermograph placed adjacent to the containers.
To determine the development rates of pupae in the soil, either
mature third stage larvae were taken when they emerged from fieldcollected fruits and placed in fine wire-mesh cylinders, sunk 15 cm into
the soil around the base of an olive tree, and allowed to pupate naturally, or newly formed pupae were buried 5 cm into the soil (the preferred
depth for pupation). The containers were then checked daily for adult
emergences. The soil temperatures were recorded using a temperature
probe connected to a thermograph. To determine the development rates of
pupae in fruit, batches of newly formed pupae were placed in closed petri
dishes in the same shaded area as that used for the experiments on eggs
and larvae.
The TD50 values and the calculated day-degree requirements for the
complete development of each of the three stages are given in Tables 1-3.
Day-degree requirements for eggs, larvae and pupae in fruit were calculated from the hourly shade temperature records using the appropriate
lower development thresholds (i.e. 6.3 for eggs and 8°C for larvae and
pupae). Day-degree requirements for pupae in the soil were calculated
from the soil temperature records in a similar way.
To examine the overall relationship between temperature and development rates under field conditions the observed IOO/TD50 values for each
stage were plotted against mean day-degrees/day values for the corresponding periods as shown in Fig. 2. Regressions fitted to these data
clearly indidate that for pupae the relationship is linear and for eggs
deviates only slightly from linearity. For larvae, however, although
the relationship is close to linear during periods when day-degree
values, and hence temperatures, were at the lower end of the range, it
deviates significantly at the upper end of the range. The overall
relationship, therefore, is best described by a non-linear function (in
this case a 3° polynomial regression was used to fit the data).
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TABLE 1: Development times (TD50) and day-degree requirements for eggs
of D. oleae in fruit. Predicted development times and [% error) from
the~"therma1 summation model (T.S.) are also shown.
Date of
Oviposition

TD 50
(days)

18.10.77
25.10.77
3.11.77
22.11.77
16. 4.78
19. 9.78
28. 9.78
26.10.78
3.11.78
13.11.78
15.12.78
27. 7.81
30. 7.81
3. 8.81*
3. 8.81*
4. 8.81
10. 8.81
13. 8.81
21. 8.81

Day-degrees
(above 6.3°C)

5.0
4.9
4.6
5.6
5.8
4.3
3.3
6.4
6.0
6.9
4.1
2.4
2.8
2.0
2.6
2.5
2.2
2.6
2.4

T.S.
(days)

52.1
54.9
54.2
46.4
35.8
55.6
41.8
49.4
41.2
35.3
37.5
39.8
50.4
44.1
62.9
54.7
41.6
50.0
42.4

4.7
4.4
4.1
5.5
6.6
3.7
3.5
6.2
6.2
7.7
4.7
2.6
2.5
2.1
2.2
2.3
2.4
2.4
2.5

(% error)
(6.0)
(10.2)
(10.9)
(1.8)
(13.8)
(16.3)
(6.6)
(3.1)
(3.3)
(13.0)
(12.2)
(8.3)
(10.7)
(5.0)
(15.4)
(12.0)
(9.1)
(7.7)
(4.2)

χ = 46.9

x = 8.9

*two different locations
TABLE 2: Development times (TD50) and day degree requirements for
D. oleae larvae in olives var. lianolia. Predicted development times
and (% error) from the thermal summation model (T.S.) and the polynomialalgorithm model (P.A.) are also shown.
Starting
Date
23.10.77
30.10.77
8.11.77
28.11.77
22. 4.78
23. 9.78
1.10.78
1.11.78
9.11.78
19.12.78
7. 8.81
16. 8.81
24.8.81

Day-degrees
TD50
(days) (above 8°C)
25.1
25.4
28.2
62.8
18.9
17.8
19.0
41.6
46.8
63.9
21.2
23.4
23.0

233.2
212.1
216.3
216.4
176.8
221.9
223.5
176.2
174.9
238.8
324.1*
293.8*
266.6*

T.S.
(days)

[% error)

22
24
27
60
21
16
17
46
52
60
13
17
18

(12.0)
(3.9)
(3.6)
(4.8)
(10.6)
(11.2)
(10.5)
(9.6)
(10.7)
(6.3)
(37.7)*
(25.6)*
(21.7)*

P.A.
(days)
22
22
25
67
22
21
22
45
52
66
16
19
20

(% error)
(12.0)
(7.9)
(10.6)
(6.4)
(15.9)
(16.9)
(15.8)
(7.2)
(10.7)
(3.1)
(23.6)*
(17.1)*
(13.0)*

5Γ =

12.94

χ = 12.32

7 (ex*) =

8.32

χ (ex*) = 10.65

x" (excluding*) = 209.0
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TABLE 3: Development times and daydegree requirements for pupae of
D. oleae in soil and fruit, and development times predicted from the
models. Symbols as in Table 2.
Date of
Pupation
In Soil :
2.10.76
15.11.76
12.12.76
25. 1.77
25. 2.77
12. 5.77
1.10.77
12.10.77
19.10.77
26.10.77
1.11.77
10.11.77
19.11.77
1.12.77
19. 5.78
26. 5.78

TD50 Daydegrees
(days) (above 8°C)

T.S.
(days)

36.2
85.5
81.4
57.9
41.0
18.9
22.0
25.5
25.6
29.0
31.6
76.4
87.6
92.1
21.1
16.8

209.0
219.3
207.7
190.3
189.3
197.0
178.6
197.5
198.3
200.8
197.5
239.6
221.2
217.2
205.5
178.0

35
80
81
59
43
19
24
26
26
29
33
67
84
90
21
18

25.0
22.6
15.0
13.5
15.8
12.0

233.4
213.0
215.7
190.3
197.1
202.3

22
22
14
15
16
12

(% error)
(2.8)
(7.0)

(0)
(1.7)
(4.9)

(0)
(9.1)

(0)
(0)
(0)
(3.2)
(11.8)
(4.6)
(2.2)

(0)
(6.0)

P.A.
(days)

34
78
80
60
44
19
25
27
27
32
35
68
85
89
21
18

{% error)
(5.5)
(9.4)
(3Ì5)
(7.3)

(0)
(13.6)
(3.9)
(3.9)
(10.3)
(9.5)
(10.5)
(3.4)
(3.3)

(0)
(6.0)

In Fruit:

12.10.77
19.10.77
2. 9.78
6. 9.78
12. 7.78
9. 9.82

x = 204.5

(12)
(4.4)
(6.4)
(7.4)

(0)
(0)
χ = 3.8

24
21
15
14
17
12

(8.0)
(8.9)

(0)
(0)
(6.3)
(0)
χ = 5.2

One possible reason for the slow development of larvae during this
period is the effect of high temperatures on the fruit, which in August
is still relatively small and low in oil content and thus subject to
desiccation. The direct effect of temperature on the larvae plus its
indirect effect by reducing fruit quality could well explain the very
slow development rates of larvae under such conditions. Perhaps in a
completely natural situation, with the fruit still attached to the trees,
the effects would not be so extreme. However, there is good evidence to
indicate that high temperatures do effect larval development and survival
even in the field (5).
The slightly reduced rate of development of eggs at the top of the
temperature range (Fig. 2) may also be due partly at least, to the in
direct effects of temperature on the fruit, as development is slowed at
less than 100% relative humidity (12). However, because of the very
short development times of eggs at high temperatures, the slight in
creases that may occur are of no significance in relation to the overall
phenology of the fly.
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4.

EVALUATION OF DIFFERENT TEMPERATURE-DEVELOPMENT RATE MODELS FOR

PREDICTING THE PHENOLOGY OF D. OLEAE

Initially, two different models were evaluated to determine which
was the most suitable for predicting the development rates, and hence
the phenology, of the different immature stages of D. oleae in the field.
These were the linear temperature summation model which utilizes a
thermal constant, expressed as total day-degrees above the lower development threshold, and a non-linear model using the polynomial function
derived from the temperature-development rate relationship at constant
temperatures in an algorithm, similar to that proposed by Stinner et al.
(9). This sums the predicted percentage of total development completed
over successive time periods (in this case 1 hour intervals) until 100%
development is reached. When it was found that neither of these models
adequately predicted larval development times during August a third
model was developed for this period as explained later.
In view of the linearity of the relationship between development
rates and day-degrees/day (Fig. 2) it is not surprising that the development times for eggs and pupae predicted by the linear thermal summation
model using the mean observed day-degree values (i.e. 47° for eggs and
204·5° for pupae) are very close to the observed values (Tables 1 & 3 ) .
Moreover, prediction of development times using the polynomial-algorithm
model did not lead to any improvement in accuracy, as shown for pupae in
Table 3.
Even for larvae, the linear thermal summation model predictions of
development times (using a mean day-degree value of 209°, based on the
periods when the development rate-day degrees/day relationship was close
to linear) are similar to the observed values on most occasions (Table 2).
In fact it is only for the dates in August, when maximum temperatures
remained above the upper developmental threshold (calculated from the
polynomial function to be around 32°C), that the predicted values are
appreciably less than the observed values. Although the non-linear
polynomial-algorithm model gave better predictions of development times ·
on these occasions than the linear model, it also underestimated the
actual values, because larval development was slower than predicted from
the constant temperature data.
The best predictions of development times for larvae during August
were obtained by using the 3° polynomial function fitted to develoment
rates plotted against day-degrees/day (Fig. 2) to provide the data fed
into the algorithm. This gave values of 21.41 [% error = 0 ) , 20.12 (%
error = 12.8) and 20.5 days {% error = 8.7) for the larval development
periods starting on the 7th, 16th and 24th August respectively.
CONCLUSIONS
The results presented here indicate that, apart from the July-August
period for larvae, development times in the field can be predicted with a
M g h degree of accuracy with a linear thermal summation model, utilizing
thermal constants of 47, 209 and 204.5 day-degrees above the lower development thresholds of 6.3°, 8° and 8°C for eggs, larvae and pupae
respectively. As the best non-linear model using a function based on
development rates at constant temperatures provided slightly less
accurate predictions in the same circumstances, and only slightly more
accurate predictions for larvae during August, there seems to be little
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point in using it for simulating the phenology of the olive fly,
particularly as it requires a greater number of calculations.
Because of the effects of high temperatures on larval development
during August (and by analogy July also) development times during this
period are best predicted by a non-linear polynomial function fitted to
the development rate-temperature data obtained from the experiments
carried out under field conditions. However, as this function is based
on data obtained from experiments in which detached fruit was used, the
relationship needs to be verified by direct field observations on larvae
in fruit still attached to the trees, before being accepted for general
use.
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Research on different methods for the evaluation of the level
of olive-fruit fly infestation - Results obtained in the experiments
carried out in Tuscany in the biennium 1980-1981
A.CROVETTI, F.QUAGLIA, P.MALFATTI & B.CONTI
Istituto di Entomologia agraria della Università degli Studi di Pisa, Italy

Summary
The purpose of the Authors has been the research of statistical methodologies of sampling and for monitoring which are able to determine the level
of dacic infestation in a simple and economical way. The experiments have
been carried out in an olive-grove situated at Asciano Pisano (PI). In
this work the results of the trials carried out in 1980 and 1981 are reported. The "reduced" sample has been realized by drawing one drupe from each
tree; the infestation found in it has been compared with the one of a larger sample of 1000 drupes; this comparison has given
good results. The
monitoring means used for experiments have been five, and some of them have shown a good correlation between captures and infestation.

Resumé
Pendant les deux années (1980 et 1981) d'expérimentation, les recherches
ont permis de juger correcte l'estime du niveau d'infestation de Dacus
fournie par l'échantillon réduit de 166 drupes prises une par plante. Cette
estime est assez proche à celle obtenue avec l'échantillon, de 1000 drupes,
avec laquelle elle a été confrontée. On a aussi mis en evidence la significativité de la correlation entre le nombre d'adultes de Dacus capturés
avec les 5 pièges diver employés et l'inféstation de Dacus trouvée dans
l'échantillon "réduit" de 166 drupes. Ce dernier résultat pourrait permettre de disposer d'une méthodologie l'échantillonage assez simple pour obtenir une estime correcte du niveau d'attaque de la mouche.

1. INTRODUCTION
The availability of experimental sampling and/or monitoring methods
to estimate correctly the level of olive fruit-fly (Dacus oleae) infestation is an essential need for developping realistic economic injury thresholds for this key pest and integrated management systems for the crop.
Although it is recognized that large-use of these methods should be
undertaken only if they are "operative" (and therefore economical) and, at
the same time, able to provide a reliable assessment.
Since 1978, the Istituto di Entomologia Agraria of University of Pise-
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with the collaborations of Scientists of I.B.M. Scientific Center of Pisa,
of the Institute of Organic Chemistry of University of Pise and of the Che
mical Entomology Institute of Southampton  is earring on, using statisti
cal computer techniques, a research project, whose aims are both to reduce
the sample size of the olives, improving at the same time the estimation of
dacic infestation', and to consider the possibility to reach a correct speci
fication of the level of this infestation by monitoring means of Dacus
oleae adults.
In the present paper preliminary results of the experiments carried
out in 1980 and 1981 are referred.
2. MATERIALS AND METHODS
The trials were carried out in an olivegrove of South West area of
the "Monti Pisani", at Asciano Pisano, and respective materials and methods
have been extensively described in some foregoing pubblications (1, 2, 3,
4, 5, 6, 7 ) .
Summing up them, first of all every tree existing (all together 166,
of the variety "Frantoio") in this olivegrove has been characterized by
constant (i.e. position and distance from contiguous plants, the variety,
dimensions and shape, etc.) and variable parameters (i.e. productions, drop
ped olives etc.), recorded in a special form.
The sampling has been carried out by drawing only one olive for each
plant (directly from the branches or collecting it at the foot of the plant)
and has been made every 10 days for the duration of 15 periods. Using ano
ther special form, every sampled olive has been drawn, its position and ex
posure on the tree, etc.) and of laboratory (i.e. type of dacic infestation,
dimension, colour, weight and specific weight, etc.).
The reliability of the estimation of the dacic infestation level sup
plied by this "reduced" sample of 166 drupes has been verified comparing it
with the other one obtained by means of a larger sample of 1000 olives,
drawn every 30 days from the same trees (about 6 olives/tree).
Potential use of monitoring techniques for ascertaing the amount of
the injured olives has been tested studing the relationship existing bet
ween the number of Dacus oleae adults captured with 5 different traps and
the dacic infestation level found in the "reduced" sample of 166 drupes.
During 1980 the traps employed have been the following: 1) chronotro
pic yellow trap type "Prokoboll"; 2) delta yellow trap baited with 100 μΐ
of l,7dioxaspiro5,5undecane; 3) same trap model with 100 ul of pcimene;
4) the same trap with 500 mg of microincapsuled ammonium acetate; 5) bot
tletrap containing a solution of ammonium acetate (500 mg/50 ce. H2O).
During 1981 the attractans of the traps 3) and 4) have been replaced
by 100 ul of a new pheromone blend (unknown composition) and by 500 mg of
microincapsuled ammonium carbonate respectively. For these experiments 
at first directed to valuation of the efficacy of the 5 different traps and
of influence on capture of their position and .exposure, on the tree  ba
lanced incomplete randomized block design was used (see 6, 8 ) .
The captures (expressed whether as total number of adults or distingui
shing males, females and females with eggs) have been recorded on special
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forms every 10 days for the duration of 15 periods, according to the sampling survey.
3. RESULTS AND DISCUSSION
The valuations of the dacic infestation level supplied in the following 15 periods whether by the "reduced" samples of 166 drupes or by the
larger one of 1000 are reported in Tables 1 (pertinent to 1980 trials) and
2 (1981). In the first column of these tables the periods and the respective dates of the observations and in column two the percentages of affected
olives observed in the total "reduced" samples (inclusive whether of the
drupes drawn directly from the branches or of those dropped and collected
from the soil at the foot of the tree) are indicated. Columns three and
four report the number of the olives of the "reduced" samples drawn directly from the branchesand the percentages of their dacic infestation respectively. In the last column the per cent values of the infestation observed
in the larger samples of 1000 olives are indicated.
These tables both show that there is always a very good accordance bet
ween the valuation of dacic infestation supplied by the "reduced" sample
and the other one obtained by means of the larger sample of 1000 drupes.
Considering the data of Table 1 at the moment of 6th period it is possible infact to see a not great understimate in the total "reduced" sample
compared with the larger one (9% in opposite to 11% of infested olives).
This difference increases if the only 126 olives drawn directly from the
branches of the trees are considered (6% of infested drupes). On the contrary at the 9th period on the 72 olives of the "reduced" sample picked
from the branches the 62% of infestation in opposite to 60% of the larger
sample of 1000 were observed. This upperstimate increases to 68% considering also the dropped olives collected at the foot of the plants. At last,
at 12th period, with the 143 drupes drawn directly from branches a very few
understimate of the dacic infestation level has been obtained compared with
the one supplied by the larger sample (79% in opposite to 82%). On the total "reduced" sample of 166 olives the 80% of infestation has been observed.
The results of the research carried out during 1981 corroborate ulteriorly the reliability of the evaluation of dacic infestation supplied by
"reduced" sample (see Table 2) . Infact at 6th period compared with the laj:
ger sample of 1000 drupes it shows a non significative upperstimate (1.2%
of affected olives in opposite to 1.1%) and also the value observed on the
olives drawn directly from the branches is quite near (1.3%). Similarly few
upperstimate has been observed at the 9th period, when these values were
25.3% and 23.6% for total "reduced" sample and the 152 drupes picked from
the branches respectively compared with the 22.9% of infestation affecting
the larger sample, few upperstimate always results from comparation at the
12th and the last (13th) period.
The statistical significance of the relation existing between the num
ber of Dacus adults captured with the different traps used for monitoring
and the level of dacic infestation found in the "reduced" samples of 166
is shown by regression-lines of the figures 1 and 2, pertinent to the 1980
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TAB 1

Period
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

(21.07)
(31.07)
(11.08)
(21.08)
(01.09)
(11.09)
(22.09)
(02.10)
(13.10)
(22.10)
(31.10)
(10.11)
(20.11)
(02.12)
(12.12)

INFESTATION (%)
"REDUCED" SAMPLE
Total Observations
Drupes drawn on the
ie tree
(166)
N. Obs.
%
0
0.6
1.2
3.6
3.6
6.6
33
63
68
88.5
78
80
80
73
76

150
127
150
143
153
126
127
71
72
150
140
143
128
134
140

0
0
0.7
2.8
3.2
9
38.6
57.7
62.5
88.6
77.6
79
82
70
72

LARGER SAMPLE
1000 olives
s

=
=
S

=

11

=
c

60

=
=
82

=
=
=

TAB. 2

Period
1
2
3
4
5
6
7
8
9
10
11
12
13

(20.07)
(31.07)
(11.08)
(21.08)
(01.09)
(11.09)
(22.09)
(02.10)
(13.10)
(24.10)
(04.11)
(15.11)
(26.11)

INFESTATION (%)
"REDUCED" SAMPLE
Total Observations
Drupes drawn on the tree
(166)
N. Obs.
%
0
0
0
0
0
1.2
1.8
25.3
25.3
32.7
37.3
50.0
57.2

144
156
157
150
150
151
150
147
152
153
151
145
153
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0
0
0
0
0
1.3
2.0
25.8
23.6
29.2
33.7
47.5
58.0

LARGER SAMPLE
1000 olives

1.1

22.9

46.8
54.7

and 19S1 research respectively.
These lines have been calculated comparing the per cent increase of
the infestation with the per cent average increase of the number of adults
captured by the traps, distinguishing also the kind of these captures (a
dults in total, only males or only females, females with eggs).
F, coefficient of correlation and t c (always 99% of t test) values in
dicate the high significance of the relation between the two considered pa
rameters. For 1980 this relation is specially significative considering the
captures of females with eggs and only males obtained in the trap baited
with l,7dioxaspiro5,5undecane and these of females recorded in the del
ta trap with microincapsuled ammonium acetate. In 1981 the best results ha
ve been reached comparing the infestation level with the captures of adults,
of the bottletrap and delta chromotropic trap with microincapsuled ammo
nium acetate and those of males and females of this last monitoring mean.
Nevertheless, because the resulting high value« of the β?in both the
years, it is not possible to give a decisive opinion on this method.
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Session 5
Biotechnical aspects of fruit fly management
Report on Session 5
G.L. BUSH, Chairman of the Session
Biotechnical methods for the management of fruit fly
populations
Six years of successful medfly programme in Mexico and
Guatemala, 1977-1978
Field feasibility study for the application of SIT in
Rhagoletis cerasi L. in Northwest Switzerland (1976-1979)
Strategies for maximizing the potential of the sterile
insect release method : experiments with Dacus tryoni
Thermodynamics of diptera-larvae rearing - A preliminary view
Sterilization of the fruit fly, Ceratitis capitata (Wied.)
by ionizing radiations
Comparative mating behaviour of wild and massreared sterile
medfly Ceratitis capitata (Wied.) on a field cage host tree
II. Female mate choice
Biological and biochemical parameters of the olive fruit fly
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Changes of a wild ecotype of the olive fruit fly during
adaptation to lab rearing
Optimization of a holigidic diet for the larvae of the olive
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Sexual and reproductive maturation in wild and lab cultured
olive fruit flies Dacus oleae (Qnelin) diptera tephritidae
Sexual selection and mating behaviour of normal and irradiated
oriental fruit flies
Attractability range and capture efficiency of medfly traps
Captures of Ceratitis capitata and Dacus oleae flies (diptera,
tephritidae) by McPhail and Rebell color traps suspended on
citrus, fig and olive trees on Chios, Greece
Competitive comparison of the activity of five different
traps for monitoring Dacus oleae (Qmelin) adults carried out
under field conditions in Tuscany in 1980 and 1981
Comparative study on food, sex and visual attractants for
the olive fruit fly
Preliminary evaluation of the use of a combined "Prokoboll"
sex pheromone trap for Dacus oleae (Gmel.)
Dynamique de population du Dacus oleae Quel, en Sicile
Pièges visuels pour lutte biotechnique et prévision négative
de la mouche de la cerise, Rhagoletis cerasi L.
Field cage evaluations of the male sex pheromone (Methyl
(E)-6-nonenoate) of the mediterranean fruit fly (Ceratitis
capitata Wied.)
Mating disruption of the olive fruit fly (Dacus oleae) with
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various dispensers and concentrations
Response of Dacus (Diptera : tephritidae) to Ocimum sanctum
(Linn.) - Extracts and different synthetic attractants in
Penang, Malaysia

Report on Session 5
G.L.BUSH
East Lansing, USA

The complex field of biotechnical methods for the management of fruit fly
populations, i.e. for their monitoring or their destruction, has been
covered intensively during this symposium. As almost one entire day was
devoted to biotechnical aspects and all presentations appear in extenso
in this publication, this report will be limited to some conclusions
and recommendations with respect to certain research areas where international cooperation in the framework of the IOBC working group on fruit
flies of economic importance might be indicated.
According to the definition given at the beginning of the session, biotechnical methods of pest management include those physical and chemical
stimuli or agents influencing the behaviour or development of the pest
species. Hence three broad topics can be identified, namely :
- trapping systems;
- repellents/deterrants
- factors influencing development, especially the SIT and related problems
such as quality control, rearing techniques, etc.
Trapping systems
It became obvious during the session on biotechnical methods that a
multitude of trap types and pheromone blends are in use that make international comparisons and analyses of results rather difficult. Also it
was felt that in many cases the relative attractiveness of a new trap
type compared to traditional trapping systems were the major measure for
their suitability and performance. We believe that trap evaluations
should consider to a larger extent the final purpose of the trap, in
other words to evaluate traps in view of its function as a monitoring
tool used for population assessments or as a control tool to be applied
in large numbers.
We strongly recommend to consider the definition of a standardized
set of traps to be used in comparative programmes and to stimulate
the differentiation between monitoring traps that must reflect effective
population densities and control traps that should be of utmost selectivity. We recommend the continuation of the work on trap calibration,
i.e. the quantification of the relation between trap catch, population
density, and infestation level. This is the most important information to
be worked out for monitoring traps used in ecological studies and for
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defining threshold levels for control measures. For that purpose it would
be desirable to develop and maintain at least for Ceratitis capitata
suitable morphological marker strains to be used in the mark-release-recapture studies.
For biotechnical control of fruit flies by mass application of traps we
stress the importance of taking into account the potential impact of that
technique on other components of the agro-ecosystems. Hence we recommend
the development of more specific traps, of traps thxl xlljx"l og¿x!gc xv£
mo ljxrc lbxl "m¿&dvg lbg sgcl avmhv xlljx"lxvlc lm omj¿ cnrgj21jxrcq
Prokopy's suggestion to consider above all the highly selective fruit
mimiking shapes such as dark spherical traps deserves attention and
indicates a possible orientation for the future, lhe combination of
specific olfactory attractants with selective shapes and colours seems to
offer the most promising approach. Yellow traps should be used with
utmost caution in large scale suppression programmes as they eliminate
substantial numbers of beneficial insects.
Repellents and déterrants
We recommend the coordination of certain activities that might develop in
the context of the field evaluation of potential novel substances acting
as oviposition déterrants, and of their combination with adequate female
specific trapping systems. We recognize the importance of research in
progress on the forageing strategies of fruit fly species that relate
directly to this aspect of biotechnical control.
Sterile insect technique
We have acknowledged with great satisfaction the important achievements
made during the last few years with respect to the successful application
of SIT for eradication purposes. It is obvious that many technological
problems associated with this complex control technique have found an
adequate solution. However, we cannot over-emphasize the importance of
continuously supporting research structures incorporated in large SIT
programmes as is the case in the present Metapa programme. We hope that
profound ecological studies are conducted to investigate the potential
impact of the SIT operations (especially the area-wide application of bait
sprays) on other components of the ecosystem, specially the natural
ennemies of other fruit fly species. We recognize also with great satisfaction that the hard struggle for adequate quality control concepts and
technologies have been incorporated into on-going fruit fly programmes.
We can only recommend the general use of the quality control procedures
specified by the IOBC.
We strongly recommend the consideration of establishing a working unit
within the IOBC working' group on fruit flies of economic importance
addressing not only genetic aspects in general but the fast development
of adequate sexing techniques in particular. Whereas we realize that the
actual genetic work on this high priority item has to be conducted by
individual scientists and laboratories we feel that IOBC could become
operative when candidate strains have to be tested in an interdisciplinary context with respect to their feasibility in mass-rearing plants,
their effectiveness under field conditions and their quality profiles.
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Finally we have to consider further improvements to be made with respect
to larval diets of monophagous and oligophagous species that seem to
cause more difficulties than polyphagous species such as Ceratitis
capitata. We do encourage the work in progress on symbiotes that might
play a major role in the nutrition of such species as Dacus oleae and
Rhagoletis cerasi.
Furthermore we realize the potential of changing the physiological
attributes of host fruits to make them less susceptible to fruit fly
attack as demonstrated by Greany et al. This and the proposed use of
trap-plants as suggested by Katsoyannos might become elements of novel
control strategies against fruit flies.
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Biotechnical methods for the management of fruit fly populations
E.F.BOLLER
Swiss Federal Research Station for Arboriculture, Viticulture & Horticulture, Wädenswil

Summary
The term biotechnical pest control methods is defined and research,
development and application of attractants, repellents and growth
regulating agents (including the sterile insects) of the period 1977 1982 reviewed. Biotechnical methods have been utilized in fruit flies
to a much greater extent than in any other order or family of pest
insects and certain research activities in the field of color vision,
olfactory attractants, oviposition deterrence and large scale application of the SIT in fruit flies have yielded pioneering results and
have an important influence on the development of novel pest control
strategies. It is anticipated that tiiotechnical methods will continue
to play an important role in integrated pest control programs.

Resume
Le terme "méthodes biotechniques" est défini. La revue d'ensemble des
données dans le domaine des principes attractifs et répulsifs ainsi
que de la lutte autocide couvre la période de 1977 à 1982. Des méthodes
biotechniques ont été appliquées plus fréquemment pour les trypétides
que pour d'autres familles de ravageurs. Certaines recherches concernant les aspects visuels et olfactifs, l'inhibition de l'oviposition et
l'application de la lutte autocide à grande échelle ont produit des
résultats originaux et exercé aussi une influence considérable sur le
développement de nouvelles stratégies de lutte antiparasitaire. On peut
prédire que les méthodes biotechnologiques vont continuer à jouer un
rôle important dans le lutte intégrée contre les mouches des fruits.

1. INTRODUCTION
The term 'biotechnical control' has been used often during the last
few years and especially so in Europe and in the framework of our IOBCÍ
working group on fruit flies of economic importance. Since many people use
different interpretations of this term I think that it might he desirable
to define it here at the beginning of this session devoted to biotechnical
methods utilized for the management (i.e. monitoring and control) of fruit
fly populations. The term 'biotechnical methods' in pest control has been
proposed by Franz for the first time in I96I+ at the occasion of a FAO
symposium on forest pests (Oxford) and described in his textbook on biological pest control (15) as follows (free translation by E. Boiler):
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'Biotechnical methods of pest control utilize chemical or physical stimuli
or agents that influence the behavior or the development of the target
species.
They include the use of attractants, repellents (deterrents), growth
regulators and inhibitors including sterile insects.
The advantage of the biotechnical methods is their high specificity
and high compatibility with the environment as they do in general not
create undesirable residue problems ...'.
This more or less free translation from the original German text into
English shows clearly the predominant characteristics of biotechnical
techniques: They have been developed on the basis of thorough
investigations of the behavior, physiology and ecology of the insects.
Their effectiveness as pest control tool does depend to a large extent on
our capability to understand the pest's behavior and on our ability to
transform this basic knowledge into practical techniques that can interfere with and hence manipulate the pest's reaction in a predetermined
way. Failures associated with the application of biotechnical techniques
often originate from lack of basic information needed for the development
and successful application of these techniques. Although we do recognize
the paramount importance of basic investigations such as those reported
in the sessions I, II and IV of this symposium, we have to limit our
considerations and literature citations to the more applied aspects of
the topic.
If we accept the definition of Franz as basis for our review,
discussion and future work we can distinguish 3 distinct areas of
application of biotechnical techniques in fruit flies - namely the use of
attractants (i.e. traps) for monitoring fruit fly populations; the use of
attractants, growth inhibitors and sterile insects for their
destruction; and the protection of the crop by biotechnical means against
fruit fly attack.
Biotechnical techniques will now be discussed under 3 different
headings, namely traps (attractants), repellents (deterrents), and
factors affecting the development.

2. ATTRACTANTS AND TRAPPING SYSTEMS
Traps have always been important tools for fruit fly workers and the
literature covering this topic is enormous. We refer to the recent
reviews published by Chambers (8), Cirio and Vita (10) and the
comprehensive basic paper of Prokopy on stimuli influencing trophic
relations in fruit flies (29).
The different characteristics of traps used for monitoring or
control of fruit fly populations are summarized in Table I (2).
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TABLE I

Characteristics of fruit fly traps used for monitoring and control

Trap type

Purpose

Characteristics

Example

Monitor

Ecological studies

Weak, spot trapping

Visual traps

Detection

Strong, widerange

Olfactory traps

Economic thresholds

Intermediate power

Male or female
annihilation

Strong

Suppression

Strong

Control

Combination of all
stimuli in super
trapping systems

This table suggests that every trap system or each type of stimuli
generated by traps to attract the target species has its definite potentials
and limitations and should he developed and applied according to the
objective of the program. Visual traps with their limited range of attrac
tiveness are highly suited for ecological studies where spotsampling and
not an areawide collection of individuals is the objective. Olfactory traps
with potent lures lend themselves for detection and control purposes
requiring the most powerful trapping system available.
A delicate problem is the design of traps for the quantitative measure
ment of population densities as required for control programs operating on
the basis of economic thresholds. This area has received the attention of
our IOBC working group on fruit flies since its establishment in 1978 and
the coordinated research programs are still in progress. An important
contribution has been made by Neuenschwander and Michelakis (27) who intro
duced the aspect of trap calibration that was adopted for the international
IOBC fruit fly research program implemented in 1979■ In this joint program
3 different attracting principles (i.e. Ammoniumphosphate, trimedlure,
and the visual REBELL trap) were compared in Ceratitis capitata for 12
months in Sardinia, Spain and Hawaii, and a similar program with ammonia
and visual traps was conducted with Dacus oleae in Sardinia, Naples and
Portugal. Preliminary conclusions indicate that visual traps are less
weather (humidity) dependent than ammoniabaited McPhail traps and might be
developed into standardized trapping systems for establishing and monitoring
economic thresholds or critical fruit fly densities.
2.1 Visual trapping systems
The IOBC working group on fruit flies conducted in 1978  1979 a coor
dinated research program for establishing the visual sensitivity of
Ceratitis capitata, Dacus oleae and Rhagoletis cerasi, and for testing the
reaction of field populations to a standardized set of 5 different yellow
wing traps. In this investigation under the supervision of Dr. H.R. Agee
(USDA, Florida) participated 18 scientists from 10 different countries. The
electrophysiological analysis was carried out by a joint USSwiss team at
Wädenswil and produced spectral sensitivity curves of the 3 species
(Fig. 13). All fruit fly species under investigation showed a major sensi
tivity peak at 1*85  500 nm (green region) and a secondary peak at 365 nm
(ultraviolet region). This was suggestive that they should discriminate
fine differences in yellow colors that differ in their reflectance
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Figure 13 : Spectral sensitivity curves of Dacus oleae (l),
Ceratitis capitata (2) and of Rhagoletis cerasi (3)
established during coordinated IOBC research program 19T8Ţ9
(from Agee et al. (1))
Figure h

: Reflectance characteristics of the five yellow colors tested
in the field during the same IOBC research program
(from Agee et al. (l))
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characteristics in the 500 - 550 nm area (Fig. It). The behavioral tests in
the field revealed, however, that Rhagoletis cerasi (as well as Rhagoletis
pomonella) discriminated strongly between the 5 different yellow colors
whereas the more olfactory species Ceratitis capitata and Dacus oleae showed
less pronounced preferences for specific yellow colors (l).
Visual traps have been utilized for area-wide population suppression in
Switzerland against Rhagoletis cerasi and in Israel against Dacus oleae
(Hameiri, personal communication). The data of the 3 mass-trapping programs
conducted with visual traps against R. cerasi in Switzerland are given in
table II.

TABLE II

Year

Suppression of cherry fruit fly populations in Switzerland by
mass-trapping with yellow visual traps (unpublished)

Township

1970 Hersberg
1971 Nuglar
1976 Murenberg

Cherry trees
in trap area

No. of traps
applied

Infestation
level

Estimated
effectiveness

397

992

3.6%

75$

1200

I68O

0.0$

100?

850

3500

O.2W

> 90?

Reports on beneficial insects caught on yellow sticky-traps indicate
that mass-trapping programs have to consider potential negative effects on
the eco-system (12,26).
2.2 Olfactory trapping system
Three types of olfactory attractants have received attention in fruit
fly research, namely food lures, sex attractants and most recently, host
plant volatiles. Most work carried out on the 3 fruit fly species of importance in Europe and the Mediterranean area during the last 5 years concerned
the sex attractant of the olive fly (Dacus oleae)(10,l8,19), whereas some of
the components of the sex pheromone blend of Ceratitis capitata had been
described earlier (lO). The sex pheromone of Rhagoletis cerasi has so far
not yet been identified. Progress has been made in the US on the identification of sex pheromone components in Anastrepha suspensa, the Caribbean
fruit fly (25).
Olfactory attractants as control tools have not been used frequently in
fruit flies ever since Dacus dorsalis had been eradicated by the male annihilation technique in 196h on the island of Rota. A suppression program was
conducted from 1972 till 1975 on Kume Island/Japan by aerial distribution of
cue-lure (91%) and naled (3%) treated cotton strings against Dacus
Cucurbitae before the SIT program started (21). A successful suppression
program has been reported from Pakistan where mass-trapping with methyleugenol reduced from 1977 till 1979 the infestation of Dacus zonatus below
economic levels (33).
The use of olfactory attractants to manipulate the behavior of fruit
fly populations has found so far limited applications. Never or rarely have
sex pheromones or their mimics been utilized in fruit flies to function as
mating disruptants, to disrupt lek formation, to pull fruit fly populations
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away from crops into vegetation of no economic interest, to enhance the SIT
approach by treating sterile males with appropriate attractants or by
combining the most potent attractants to super-traps. Fruit flies share a
stumbling block with other insect orders insofar as no potent female
attractants are available. This is surprising because in fruit flies it is
usually the male that attracts the females by its sex pheromone. Preliminary tests conducted with plant volatiles and the existing potential of the
natural sex pheromone blends indicate that female attracting lures could
emerge as novel tools in the near future. I believe that this is a research
area where emphasis should be placed also in the framework of the IOBC
working group on fruit flies.

3. REPELLENTS
Since our last meeting in Sassari in 1978 and the review given at that
occasion by Cirio and Vita (10) several laboratories have pursued their
activities in respect to oviposition deterring pheromones (ODP).
The newly emerged field of epideictic pheromones eliciting dispersal
of arriving conspecifics away from food resources already occupied has been
reviewed recently by Prokopy (31). Such pheromones have been observed so
far in at least 6 insect orders, l6 families and 33 pest species, including
12 fruit fly species. Whereas first field applications of crude ODP extracts
have been conducted in Switzerland and shown promising results in Rhagoletis
cerasi (3, 2 U ) , the chemical nature of these multicomponent pheromones is
still unknown (3,30). However, considerable progress has been achieved with
respect to the pheromone receptors involved, the electrophysiological
methodology for their detection and certain hypothesis with respect to the
site of production in Rhagoletis pomonella (11,30,31,32,33). This outstanding work by the team of Dr. R.J. Prokopy at the University of
Massachusetts in Amherst on these various aspects of oviposition-deterring
pheromones will provide the important background information once the ODPs
become available.for practical use.
Prokopy's current investigations on the foraging strategies of insects
as well as further progress with respect to female attracting trapping
systems will provide important components of potential novel control
strategies based on the ATTREP principle, i.e. the combination of repellents
or deterrents with effective attractants for capturing the deterred insects.
An interesting exception seems to be the olive fly, Dacus oleae, that
does not deposit an ODP after oviposition but marks the olive with olive
juice. The components reported by Vita (10) have been investigated further
by Girolami et al. (l6).
In this entire field of oviposition deterrence we can anticipate
interesting developments in the next few years.

k.

FACTORS INFLUENCING INSECT DEVELOPMENT: SIT, INCOMPATIBILITY, HOST
FACTORS

Whereas no wide-spread use of insect growth regulators or juvenoids is
evident in fruit fly control, another area of impacting fruit fly development has gained great momentum: the Sterile-Insect-Technique (SIT). It cannot be denied that action has shifted from Europe to North America and Asia,

347

where eradication programs of continental scale are being conducted
demonstrating for the first time since the successful eradication of Dacus
Cucurbitae in the Pacific Island of Rota (1963) that large scale eradication of fruit flies is possible. Three species have a successful record of
being eradicated or eliminated during the period 1977 - 1982: Dacus
Cucurbitae (Japan 1977), Rhagoletis cerasi (Switzerland 1978) and
Ceratitis capitata (Mexico I982).
I4.I Dacus Cucurbitae (melon fly)
The melon fly has been declared eradicated from the Japanese Kume
Island in April 1977 (21). A male-annihilation program conducted 1972 1975 suppressed the population of the 58.5 km2 island to the point where
releases of sterile flies from the mass-rearing facility on Ishigaki Island
(distance about UOO km from release area) could be started. Initial
releases of 1.5 million flies per week up to January I976 were not sufficient to reduce the wild population. However, the increase to 3.5 million
flies per week accelerated the eradication process. Eradication was
achieved in April 1977 after the release of a total of 261* million flies.
The Japanese program generated interesting solutions for the problem of
reliable estimates for population densities and impact of the sterile
population on their target (20). A large factory for the production of 100
million flies per week is approaching completion and will serve as logistic
base for the eradication of Dacus Cucurbitae from the entire Okinawa
district by 1991 (22).
k.2

Ceratitis capitata (medfly)
The medfly made headlines during I98O-8I when new introductions into
California apparently via pleasure boats arriving from Central America
where reported June 5, I98O. Until July 10, I98I the cooperative federal/
state eradication program relied on a program of regulation, sterile fly
releases, fruit stripping, and ground treatments with insecticides. On June
18, 1981 trapped fertile flies indicated accidental release of an unknown
number of fertile flies. After the release of a total to U.l billion
sterile flies the SIT was discontinued July 18, I98I and replaced by aerial
bait spraying. The medfly situation in California is now 'under control'.
In the meantime the mass-rearing facility of the joint Mexican-US
medfly program in Metapa (Chiapas, Mexico) had started to operate in April
1979 and reached the planned production of 500 million flies per week in
June I98O (28). This largest fruit fly program of the world has been and
still is successful with respect to its objectives to stop the northbound
movement of Ceratitis capitata. In fall 1982 the medfly population has been
eradicated in almost the entire area between the Isthmus of Tehuantepec and
the southern Mexican border and will be pushed down south through Central
America. A new factory is under construction in Guatemala. Further details
concerning this most important and successful program will be reported by
the Mexican colleagues participating in this symposium.
it.3 Rhagoletis cerasi (European cherry fruit fly)
This first attempt to eradicate a temperate fruit fly species by SIT
started in 1972 in Switzerland and led to a feasibility study on a surface
of 2.5 km2 containing some iMOQ cherry trees. A first report about this
field program conducted from 1976 till 1979 was presented at the last
meeting in Sassari (5) and the conclusions will be presented later during
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this symposium. The cherry fruit fly was eliminated by 1978 in two of the
3 target areas remaining free of infestation up to I98I although the
sterile fly release was stopped after 1979· A cost-henefit analysis showed
that SIT on large scale compares favourably with the costs of conventional
chemical control strategies. Interesting new insights were gained in the
dispersal characteristics of Rhagoletis cerasi that exceeded the anticipated dispersal range and allowed the specification of necessary buffer
zones.
lt.lt Quality control: an important problem area associated with SIT
Major progress has been made during the last 5 years with respect to
the development and implementation of quality control procedures in massrearing facilities {h). A package of simple but highly diagnostic laboratory tests has been developed for Ceratitis capitata, that was evaluated
1979 during an international training course in quality control for fruit
fly workers, and is now introduced in major fruit fly facilities as RAPID
Quality Control System (7). The standardized tests do not only allow a
rapid monitoring of medfly colonies for early warning signals of deteriorating quality but allows also the establishment of quantitative quality
profiles that can be compared internationally. A complementary set of more
complex field tests has been developed in 1978 by an international team in
Guatemala and evaluated 1979 by another international group of fruit fly
workers in Spain (9)· Quality control procedures are investigated,
developed and standardized by the Global IOBC Working Group on Quality
Control of Mass-reared Organisms that has been established in 198I and has
held its first workshop from September 2h till October 2, 1982 in Gainesville/Florida and Tapachula/Mexico.
An international training course in all aspects of SIT in Ceratitis
capitata has been organized by the International Atomic Energy Agency
(IAEA/FAO) from September till October 1, 1982, in Tapachula/Mexico with
21 participants from 13 Latin American countries.
h.5

Cytoplasmic incompatibility
The discovery of unilateral incompatibility between geographical races
of Rhagoletis cerasi (6) has led to further investigations in Austria with
respect to the potential of this phenomenon as control technique.
Experimental releases of incompatible males from the 'southern race' into
'northern populations' in Austria and Crete have produced certain suppression of the target population but would have to be organized on a similar
large scale as conventional SIT programs. The nature of the incompatibility
is still under investigation (Russ, personal communication).
h.6

Host plant chemicals killing fruit fly larvae in citrus
A new aspect that is still in the experimental stage has been reported
from Florida where natural oils found in the peel of citrus, including
oranges, grapefruits and lemons, have shown to be highly toxic to the eggs
and larvae of the Caribbean fruit fly, Anastrepha suspensa (17). This
finding ultimately could have two highly desirable results: it may reduce
pesticide use and also costly handling procedures. Dr. P. Greany will
discuss further developments made in this field during this symposium.
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5. CONCLUSIONS
The field of biotechnical methods for the management of fruit fly
populations has received increased attention during the past 5 years.
Important achievements made in the areas of visual traps, of oviposition
deterrents and especially of large scale SIT programs that have reached the
objective of total eradication indicate that biotechnical control methods
are highly suitable for fruit flies. Pioneering innovations in this
category of control methods have been achieved and are likely to be
achieved further with fruit flies. The potentials that are still unexplored
should be analysed carefully by the participants of this symposium and
considered in the planning of future joint research programs of the IOBC
working group on fruit flies of economic importance.
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Six years of successful medfly program in Mexico and Guatemala
J.HENDRICHS, G.ORTIZ, P.LIEDO & A.SCHWARZ
Moscamed Program DGSV-SARH, Mexico

Summary
Since it first detection in Costa Rica in 1955, the Mediterranean fruit
fly spread northward, reaching Guatemala in 1976, Mexico in 1977, and
by 1979 it had reached the Isthmus of Tehuantepec, covering in Mexico over O.78 millions hectares of the most difficult topography, tropical
vegetation and communications.
Since the formation of the Joined Mexico-Guatemala Comission in 1975,
as well as the Mexico USDA Cooperative Program in 1976, the infrastructure was developed to counter the medfly invasion, then to eradicate it from Mexico and in the long run from all Central America.
By the end of 1979, this infrastructure was ready, including the Metapa
Mass-rearing and Sterilization Laboratory, with a weekly production of
500 million sterile flies. From that moment on the Moscamed Program in
Mexico and Guatemala has been successful in stopping the forward movement of the fly, and to eradicate it from 360,000 hectares in 1979, 200,000 hectares in 198O, 100,000 hectares in 198I and 120,000 hectares
in 1982. In september 1982, medfly was officially declared eradicated
from all Mexico, as well as large areas in northern Guatemala.
Presently all the efforts are concentrated in eradicating the medfly from southern Guatemala. It is concluded that under the right social and political conditions, as well as an a appropriate economical support, it is possible to eradicate the medfly from all Central America.
1. INTRODUCTION
The medfly Ceratitis capitata Wied., a pest of great economical importance in the world, was first reported on the American Continent, in Brazil in I90U. From then on, it has spread through South, Central and lately
North America. Only in a very few cases its eradication has been succesful.
However, in spite of these eradication failures, the figth against the medfly has been intensified, due to the economical importance that the pest has for countries that produce and export fruit and vegetables
'.
In 1975» Mexico and Guatemala, and a year later also the United States,
Joined forces to stop the northward spread of the. medfly, at that time in
El Salvador.. The aims at the long range was to eradicate it from the rest
of Central America, where since it was first reported in Costa Rica in I955, it had advanced from year to year in spite of the efforts of the Central American countries to stop it.
Unexpectedly the fly advanced rapidly, crossing all Guatemala in 1976,
and by January 1977, it had been detected in the Soconusco region, in the
State of Chiapas in Mexico.
The economical importance that the medfly represented for Mexico, was
the cause of the creation of the "Programa Moscamed", in which the accumula
ted worldwide experience of the last 20 years of medfly research was to be
applied to prevent the pest from moving further north.
CEC/IOBCSymposium
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It was the last opportunity to avoid its advance toward the interior of
the country, because, once introduced further than the Isthmus of Tehuante
pec, in the States of Oaxaca and Veracruz, it would have been almost impo
ssible to control it, even less, to eradicate it. The estimated losses for
Mexico, would have reached in 1977 nearly 2 billion dollars, mainly due to
the loss of foreign markets. (Gutierrez, 1976).
2.

RESULTS

The six years of fight against medfly in Mexico may be divided into 
two phases: the
defense phase, from the moment the fly appeared in Me
xico in 1977, until the start of large sterile fly
releases at the end
of 1979; and the eradication phase, from the end of 1979 until september 
1982, when medfly was officially declared eradicated from Mexico (Fig. 1)
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Fig. 1  Total number of wild Mediterranean fruit flies detected from
1977 to 1982, in the Soconusco area, State of Chiapas, Mexico.

2.1 Defensive phase
When the detection of the medfly was reported in Guatemala in I976, 
trapping and quarantine inspections in the border zone of Mexico with Gua
temala were intensified. In January 1977, the first detections of the med
fly pest in the Soconusco area were made. Bait sprays were carried out in
mediately in the detection points. In mountainous areas through which the
coffee belt runs, sprays were very difficult, due to inaccessibility of the
terrain for conventional planes. A great effort was made therefore to ba
ttle medfly outbreaks by ground spraying.
At the beginning of this phase, the program counted with 105 people in
the control area that covered a surface of 210,000 has. 10,Ul9 Tons.of 
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fruit were fumigated, 5*+,8θ7 automobiles fumigated and inspected, and 253
tons of fruit were confiscated in the quarantine station.
In 1978 detection of adults nearly doubled and actions were the same 
as in 1977. Personnel was increased to 210 people allowing to detect and
battle 331* outbreak spots in U60,000 has. 68,200 vehicles inspected and fu
migated and 270 tons of fruit confiscated.
At the beginning of this year the construction of the Metapa Massrea
ring and Sterilization Laboratory was begun, whose objective was to produce
500 million sterile flies per week.
Due to the continousmovement of large medfly populations coming from 
Guatemala 197,127 has. were sprayed, including a Uo km. long and 20 km. wide
area along the border, as well as all the outbreak spots.
In 1979 medfly populations increased 20 fold, spreading over all the 
coffee belt of the Soconusco region, an area with a very difficult terrain
and very poor or no communications (Fig. 2 ) .

FWURE I

YE
A RLY SPREA D OF THE MEDITERRA NEA N
FRUIT FLY M OUA TEMA LA A ND MEXICO FROM
1976 TO l t 7 B

Figure 2  Yearly spread of the Mediterranean fruit fly in Guatemala
and Mexico from 1975 to 1979.
In this year pest outbreaks were detected up to 25O km. inside the coun
try, already in the State of Oaxaca.
The
Metapa Massrearing and Sterilization Laboratory was inaugurated,
starting a production of 50 million of sterile pupa per week. At the end of
I979> it already exceeded 100 million per week (Fig. 8 and 9 )· This pro
duction was dispersed at the front of the pest, following the control with
bait spray. The program counted by then with 500 people, including field 
and laboratory activities.

355

Figure 2 shows the area over which wild medflies were detected. The total of medflies captured in 1977, 1978 and 1979 is shown in Fig. 1 . During
these three years of defensive phase, 1'58!+,Ill liter of the mixture of Målat ion 91$ ULV and hydrolized protein PIB-7 in a proportion l:k,
a dose of
1 liter per hectare,were sprayed aereally.
TABLE I. C. capitata HOSTS IN THE SOCONUSCO AREA, STATE OF CHIAPAS, MEXICO
FROM 1979 TO 1982.

SCIENTIFIC NAME

COMMON NAME

YEARS OF DETECTION

Chrysophyllum cainito L.
Citrus sineses Osti.
Citrus reticulata Blanca
Psidium guajava L.
Coffea arabica L.
Micropoholis spp
Eugenia .jambos L.
Citrus aurantium L.
Citrus grandis Osb.
Achras sapota L.

Star apple
Sweet orange
Mandarin orange
Guava
Coffee
Wild apricot
Rose apple
Sour orange
Pummelo
Sapota

I979-I98O
1979-1980
1979-1980
1979-1980
1979-1980
1979
1979

I98I-I982
I98I
I98I-I982
I98I-I982
I98I-I982
198I
I98I-I982
I98I-I982
I98I
198I

2.2 Eradication phase
Once enough sterile medflies were available, the situation was set to
start the counter offensive against the medfly invasion. During the period
from November 1979 to May 198O, 250,000 hectares, the area that showed the
highest medfly infestation, was sprayed repeatedly.
Due to the topographical difficulties of the region, high power airplanes and helicopters were necessary. During the nine months that this massive aereal bait spraying program lasted, l'UUU,925 hectares were sprayed with the previously described bait spray mixture. Inmediately following
this drastic reduction of the population in the areas that had received the
intensive bait spray treatment, sterile flies were dispersed over this
whole region. The decrease in the detection was dramatic: compared to the
6570 fertile flies caught in 1979, only 311 flies were detected in 198O,
of which 99? were in the period from January to May, I980 (Programa Moscamed I98O). In this year 200,000 hectares were declared free from medfly (Fig. 3 ) .
From june 1980 on air spraying was completely suspended,and ground spraying was used on a small scale, directed only at outbreak spots. The program relied from that moment nearly exclusively on sterile insect rele¿
ses.
Even so fertile fly detections in 1981 decreased again to only 101 detections, all in the border area with Guatemala (Programa Moscamed, I98I).
These spots were treated 12 times by ground sprayings, spaced every k to
7 days, before the intensive overflooding with sterile flies. Eradication
was achieved each time. The mass-rearing facility passed the production goal of 500 million sterile flies per week (Fig. 8 ) and by the end of the
year another 100,000 hectares were declared free of medfly (Fig. 3 ) .
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Figure 3 - Medfly erradicated areas in Mexico and Guatemala from 1979
to 1982.
By june 1982, only eleven specimens had been detected that year, confir
ming again the effectiveness of the sterile fly releases. Finally in September of this same year, the last 120,000 hectares of Mexican territory were declared free of medfly (Fig. 3)·
During the last three years intensive fruit sampling became the main and most sensitive indicator of medfly presence in the erradication areas.
(Programa Moscamed 1982c). Weekly one and a half tons of different host fruits were collected over an area of 300,000 hectares.
Table I shows the host fruits in which medfly larvae were found in Mex±_
co from 1979 to 1982.
Infestation was estimated based on larvae per kg. of sampled fruit. The
sampling system was uniform, and based on host phenology throughout the
year. An average of 85$ of the fruit samples collected were primary hosts
(Table 1 ) . The other 15/» corresponded to secondary hosts that were reported
in other countries or to wild host (Tejada, I980). The results of this sampling program are summarized in Table II, comparing with other fruit fly species as a control:
TABLE II. COMPARISON OF FRUIT FLY INFESTATION DURING THE YEARS I98O TO 1982,
IN THE SOCONUSCO AREA, STATE OF CHIAPAS, MEXICO.
L A R V A E
YEAR

C.capitata

PER

K I L O G R A M

Anastrepha spp.

Other fruit fly families

1.235

0.UU9

1981

0.039
0.0U7

1.596

0.369

1982*

0.010

7.512

O.i+10

1980

* The last larval medfly detection on Mexican territory was in June,1982,
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The increase in medfly larvae/kg. from 198O to I98I, was due to a more
directed sampling of primary hosts. The same sampling methodology in I982
showed a 19% decrease in medfly infestation. The opposite happened with the
Anastrepha species where infestation increased from I98O on,due to the sus
pension of the aerial bait spray program.
Rainfall in Mexico and Guatemala during the months of May to September
helped to reduce each year the medfly populations. Fig. 1 shows the effect
of rainfall on medfly population during this season in the years I98O, I98I
and 1982. (Fig. k)

a

ï
b.
O

κ
kl

α
3

MONTHS
Figure h  Collateral effect of the rainfall on medfly populations in the
Soconusco area, State of Chiapas, Mexico, in the years 1979, 1980 and 1981.
'2.3

Eradication strategy

The eradication strategy that has been used successful in Mexico from 
I98O to 1982, and that continues to be used for eradication in Guatemala, 
represents a new approach to fruit fly eradication.
Until now all fruit fly eradication programs, besides working at a much
smaller scale, were carried out in ecological or geographical islands. In 
this specific case however, a strategy for eradication at a continental le
vel had to be developed. Barriers and different control measures had to be
integrated differently in each of the six zones into which all the area, 
where Medfly Program activities are carried out, is divided. (Fig. 7 ) .
l) "Free Zone B": This area is the most removed from the front line of 
wild medfly populations, and is formed by all the rest of Mexico. Here a 
continous trapping program is carried out (25,000 traps checked twice a 
month), directed at all possible invasion routes of medfly and other fruit
flies: all coastal areas, harbours, airports, tourist sites, and fruit grow
ing areas. A special emergency program is available to react within 2¡t hours
by aerial bait spray and to a detection in any part of this Free Zone B.
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2) "Free Zone A": This zone which lies between the Free Zone Β and the ste
rile fly release areas is formed by areas once declared free of medfly. An
area is declared free of medfly after a period equivalent to three fly ge
nerations or l800 day degrees above 10°C for egg, larval and pupal stage, 
and 200 day degrees above 1Ţ°C for the premating adults, has passed with
out detecting a wild medfly larvae or adult in it. Trapping is more inten
sive, with one trap per km . The size of this area in Mexico is presently
about 500,000 hectares.
3) "Quarantine Barrier": In this area which lies between the Free Zone A
and the eradication zone, sterile fly releases are carriedout regularly and
uniformely in spite of no wild medfly detections, to protect the Free Zone
A from wild fly migration and a quarantine that can not be perfect under 
existing conditions. A population of 300 sterile flies per hectare is mairi
tained and wild fly detection is based on an intensive fruit sampling. In an
area of approximately 100,000 hectares, 1500 kg. of fruit are collected 
weekly.
_
Trapping at a low density (0.25 tr/km ) is used to evaluate sterile fly
dispersion and sterile fly population levels (Fig.5 ) . Any fly detected 
analyzed in the identification laboratory, (Programa Moscamed, 1982b). Wild
fly detections are treated immediately by very high density sterile fly re
leases (up to 5OOO flies per hectare), and larval detections are previously
ground sprayed with bait spray, followed again by high density sterile fly
releases. Road station fumigation chambers for all the fruit for the natio
nal and international market are in this area.
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Figure 5  Fluctuation throughout the year of the average percentage of
Jackson traps with sterile fly detections from 198O to 1982 in the
Soconusco area, State of Chiapas, Mexico.
k)
"Eradication Zone": In this area which lies between the quarantine ba
rrier and the suppression zone, wild fly detections happen regularly. Ste
rile flies are released at approximately 1000 flies per hectare depending
on the type of vegetation. Fruit sampling, trapping and spot treatments
are
similar:." as in the Quarantine Barrier. The size of this area, which
depends heavily on sterile fly production is presently around 300,000 hec
tares (Fig. 6 ) .

359

5) "Suppression Zone": This area lies between the Eradication Zone, and
the area with established medfly populations. Wild population level are 
recorded mainly through trapping and some fruit sampling. Aerial bait 
spray is directed at all cuadrants with a higher population level to pre
pare the field for the sterile fly releases. Previously intensive communi
cation compaigns are directed at the public in this zone to familiarize
everybody with the activies of the program and to avoid any public outcry
in relation to baitsprays.

£L SALVADOR

Figure 6  Areas of sterile Mediterranean fruit fly from 1979 to 1982 in
Mexico and Guatemala.
6)
"Wild Medfly Zone": The areas next to the suppression zone (all the 
rest of Guatemala and Central America) are areas with established medfly po
pulations under no control measures. A low density trapping is maintained 
to know medfly population fluctuation and distribution.
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QUARANTINED
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Figure 7  Medfly program general strategy in Mexico and Guatemala from
1979 to 1982. Integration of different control measures in six contiguous
working areas, in relation to gradual increase of medfly populations.
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As new quadrants are declared free of medfly, these six zones are
pushed to the south and east further into Guatemala, each changing their
respective activities.
In Northern Guatemala, a barrier of sterile flies has been maintained
for years to avoid the movement of the fly into the jungles and the penin
sula of Yucatan. This preventive barrier will continue to hold the fly on
this front, allowing in the meanwhile to continue the eradication on the
western front.
2.k

The Metapa massrearing and sterilization laboratory
The presence of medfly on Mexican territory in 19TT, accelerated the
construction process of the biggest medfly laboratory in the world. In
August 1980, the objective of producing 500 millions of sterile flies per
week was reached (Fig. 8 and 9 ) .
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JM

AJ

JS

00

JM

ΑJ

JS

JM

00

ΑJ

JS

00

Fig. 8  Trimestrial average medfly pupae production of the Metara mass
rearing and sterilization laboratory, State of Chiapas, Mexico, from 1979
to 1982.
The rythm of work in the laboratory was never decreased (365 days a
year, 3 shift production) solving the problems that came along, adapting
and improving the procedures of rearing and irradiation of the insect.
Once the objective of producing 500 millions of pupae per week was reached,
improvement of the insect quality, the rearing process and of the release
methods were the next steps (Programa Moscamed, 1982). In fig. 10 and 11
the improvement in the percent of emerging and flying flies can be observed.
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Fig. 9  Trimestrial average medfly egg production of the Metapa mass
rearing and sterilization facility, Chiapas, Mexico, from 1979 to 1982.
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During 1981, the average weekly production reached 589 millions of
pupae, maintaining a percent of emergence that oscillated between 85 and
95 percent, and the percent of flying flies was maintained at an average
of 7O8O percent (Fig. 10 and 11).
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Fig. 11  Trimestrial average per
centage of adult emergence before
and after irradiation of the medfly
produced at the Metapa massrearing
and sterilization laboratory,
Chiapas, Mexico, from 1979 to 1982.

Fig. 10  Trimestrial average per
centage of flying flies before and
after irradiation of the medfly
produced at the Metapa massrearing
and sterilization laboratory,
Chiapas, Mexico, from 1979 to 1982.

In 1982, the percent emergence and percent flying flies was maintained at
a good level and the weight of the pupae reached over an average of 7 mf,
the production standard set (Fig. 12). Field mating behaviour tests of
the sterile fly indicated a good mating competitiveness in relation to
the wild flies in the field (Zapien et al. 1982).
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Fig. 12  Trimestrial average weight of pupae produced at the Metapa
massrearing and sterilization laboratory, Chiapas, Mexico, from 1979 to 1982.
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2.5 Sterile medfly release
Once irradiated, the medfly pupa is sent to the packing laboratory
for its subseauent release in the field. Three packing methods, "Chilled
adults", "Bags" and "Boxes", were tested; the "Bags" resulting the most
effective. 200 ml of pupae are placed in paper bags. Adults emerge after
two days at temperatures between 212U°C. The bags contain suffed paper
to increase the area of lodging and food for the adults. Once 80$ of the
pupae have emerged, the bags are transported to the airplanes to be re
leased in the field. Once out of the plane the bags are ripped open dis;
persing the flies.
The densities of sterile flies in the field (Fig. 13 improved greatly
each year. Already since 1981 there were above 1000 flies/ha in the coffee
area, while in the coastal area this density was reached by December 1981.
The quantities of sterile flies for the Program in Mexico were sufficient
and all additional quantities were sent as support to Guatemala and the
United States (see fig. 1U).

* ruter nx MONTH·.

Fig.13  Annual fluctuation of F.T.D.(flies/trap/day of Ç. capitata from 1977
to 1982 (first six months), in the Soconusco area, State of Chiapas, Mexico.
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of the Metapa massrearing and sterilization facility, Chiapas, Mexico, Guate
mala and U.S.A. from 1980 to 1982.
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A continuous production of good quality sterile flies and their release
in the specific eradication areas were sufficient to reach the objective of
the Program. This is demonstrated by the decrease of adult detections and of infestation levels in the fruits since the heginning of the eradication
stage and in spite of the suspension of aerial be.it sprays. To insure and
evaluate the presence of the sterile fly in the field the number of sterile
flies was constantly determined per unit of area. This index fluctuated from
an average O.k sterile flies per trap per day in 1980, to l».l in I982. (Fig.
13).
2.6

Continuity of the Program in Guatemala and Central America

Once the medfly has been declared eradicated from Mexico, since September 1982., the production of the laboratory in Metapa has been used for
eradication in the areas in Guatemala, bordering with Mexico (Programa Moscamed, 1982a).
Fig. 15 shows the present level of medfly population in the MexicoGuatemala border area, based on adult fly detections of a four month period
(from July to October 1982). According to the eradication strategy all Mexican territory lies in Free Zones A and B, the quarantine harries lies
half on Mexican territory and the other half on Guatemalan territory. The
rest of the fly release area corresponds to the present Eradication Zone.
The Suppression Zone is formed by the quadrants with a higher population level (around 10 quadrants or 100,000 hectares) were aerial bait spray will
be carried out stepwise, followed by an enlargement of the Eradication Zone including these quadrants with a suppressed population.

Fig. 15 - Sterile medfly release area and wild medfly detections per
quadrants in Mexico and Guatemala from July to October 1982.
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3. CONCLUSIONS
Many experiences have been accumulated in the six years of Medfly Program in Mexico and Guatemala, showing the effectiveness and even the efficiency of the sterile insect technique for large scale regional programs.Many details still have to be improved, however, the basic technical knowhow is now available to implement such a program in any part of the world.
More important than technical aspects, is the organizational and administrative structure necessary to manage all the logistical problems involved in the day to day operation. However most important is the working spirit, team work and will to succeed.
It is concluded that given the right social and political conditions,
as well as an appropriate economical support, the long range goal of eradicating the medfly from all Central America is possible in the near future.
4.
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Field feasibility study for the application of SIT in Rhagoletis cerasi L.
in Northwest Switzerland (19761979)
E.F.BOLLER & U.REMUND
Swiss Federal Research Station for Arboriculture, Viticulture & Horticulture, Wadenswil

Summary
The main research emphasis of the fruit fly laboratory during the
years 19691979 was placed on the development of the SterileInsect
Technique that was successfully demonstrated from 1976 to 1979 in a
2.Ş km2 area in northwest Switzerland. The entire logistics of this
and potential SIT programs in Switzerland is geared to massrearing
of the required flies in nature on the honeysuckle Lonicera xylosteum
as alternate host. A final costbenefit analysis has shown that SIT
compares favourably with conventional chemical control methods.
Resume
La lutte autocide contre la mouche des cerises (Rhagoletis cerasi L.)
a été développée dans notre laboratoire depuis 1969 et elle a été
soumise à un test en plein champ (2.5 km2) pendant quatre années, de
1976 à 1979 dans le nordouest de la Suisse. A la fin de cette
période, il a pu être prouvé que cette méthode se prête à une
application à grande échelle à des frais raisonnables. La prévision
du matériel biologique nécessaire est basée sur une production en
masse des pupes en plein champ sur Lonicera xylosteum, hôte alternatif
de Rhagoletis cerasi.

1. INTRODUCTION
First releases of sterile European cherry fruit flies into isolated
and semiisolated cherry orchards in Switzerland were carried out in 1972.
In 197^ a local population in 2 isolated cherry orchards could be eradi
cated (1,3). In 1975 the IOBC working group on genetic control of the
European cherry fruit fly, Rhagoletis cerasi L., held its meeting at
Wädenswil/Switzerland, evaluated the results and recommended a larger field
feasibility study to be conducted in order to be in a position to work out
a complete technical manual for SIT and to subject the accumulated data to
a costbenefit analysis.
At the end of the same year 1975 the Swiss Federal Research Station at
Wadenswil and the local fruit growers in northwest Switzerland decided to
initiate a 4year field demonstration of the SIT to start in 1976 and to be
terminated by 1979· The objectives of the operation involving 1'UOO cherry
trees, dispersed over a 2.5 km2 surface area and relatively well isolated
by forests, were defined as follows:

CEC / IOBC Symposium / Athens / Nov. 1982
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a. Elimination of the pest species in a larger target area between 1976
and 1979
b. Establishment of a costbenefit analysis in 1979
c. Development and application of the technologies involved and implemen
tation of a strict quarantine program by establishing effective buffer
zones
d. Final report and recommendations with regard to the feasibility of
future ■applications of the SIT in selected target areas.

2. MATERIAL AND METHODS
The flies required for this field program were produced in field
:ollection centers operated in Switzerland and Austria that provided the
necessary amount of diapausing pupae. These pupae were reared from highly
infested cherries bought in bulk and spread over ca. l'OOO m2 of screens
placed over vermiculite where the extracted larvae pupated. After 5 days
the cherries were removed from the screens and sold to distillation plants
for final utilization. In addition to cherries infested Lonicera berries
were harvested in bulk along the superhighways providing a free and
yielding source of Rhagoletis material. After chilling the pupae for 5  6
months they were incubated according to the established release schedule.
The flies were marked with fluorescent KRYLON spray soon after emergence,
fed an internal marker (dysprosium chloride) for 2 days, irradiated at the
age of 2 days with 9 krad and released on the 3rd day. Releases were
carried out 3 times a week beginning 5 weeks before harvest and continued
up to harvest time of the middle cherry varieties ('t,7,8).
A laboratory rearing program was providing additional fruit fly
material and a comprehensive quality control program was implemented to
monitor the flies' performance (2,6).

3. THE RELEASE OPERATION
The target area was subdivided into 3 subareas I, II and III by forest
and fields containing no host trees. Subareas I and II (containing some
500 trees) were treated in 1976 with sterile flies. That release program
continued until 1979· Subarea III with 875 trees had an unknown history of
infestation because most of the trees were not treated with insecticides.
Therefore, we decided to suppress the population in 1976 with a mass
trapping program (ca. 3'500 Prokoboltraps) and to initiate the sterile fly
release in 1977· From 1977 to 1979 the entire complex was included in the
SIT program.

't. RESULTS AND DISCUSSSIOH
The most important data of the ityear operation are given in Table 1.
Excellent results with respect to the production of infestationfree table
cherries were achieved immediately in the first series of releases
conducted in 1976 in subareas I and II. Due to the insecticide treatments
of the previous years the local fruit fly population was expected to be at
a very low level. A biotechnical suppression program in subarea III by
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means of mass-trapping with visual traps gave highly satisfactory results.
Late frosts and low cherry crop in 1977 increased the infestation
pressure and caused a slight increase of the infestation level at harvest
time that stayed, however, in all three operation zones well below the
tolerance level of h%. There were first indications that wild flies had
immigrated from distances over 1 km that was previously assumed to be an
upper limit of dispersal.

TABLE I

Year

1975
1976
1977
1978
1979
1975
1976
1977
1978
1979
1975
1976
1977
1978
1979

Basic Data of SIT Program against European Cherry Fruit Fly in
Northwest Switzerland (Period 1975-1979).
Subarea

No. trees

18U
I

330
II

875

Treatment

Insectici.de

SIT
SIT
SIT
SIT

69'000
111'000
157'000
135'000

Insectici de

SIT
SIT
SIT
SIT

_
81'000
83'000
315'000
369'000

1

-

Traps
III

No. of flies
released

SIT
SIT
SIT

200'000
577'000
616'000

Infestation
at harvest

(it)
?

0.00

1.50
0.00
0.00

1
0.06
1.06
0.00
0.00
0.52
0.2U
3.33
0.10
0.09

Normal crop conditions in 1978 and 1979, and adjustments made in the
release schedules reduced infestation levels below detectable levels in
subareas I and II and lowered infestation in the large subarea III to
marginal levels. These last 2 years showed that the SIT is indeed a most
effective control strategy in large-scale programs. A dense trap network
operated in these 2 years in the communities within a 10 km range around
the SIT zone indicated that marked flies released in our program did in
exceptional cases disperse as far as 3 km when the respective cherry
orchards were visible from the release point. Forests surrounding the
release area had on the other hand a very strong inhibitory effect on
emigration and immigration of the cherry fruit fly.
No releases were made in 198O but the entire SIT area was surveyed by
REBELL traps and fruit inspection at harvest time. No flies nor infestations could be detected in subareas I and II that were quite well protected
by surrounding forest. No infestation and only 7 flies were caught by 12
monitor traps in the more vulnerable subarea III indicating again the lack
of complete isolation and of effective buffer zones. In I98I certain parts
of subarea I and III had to be treated with insecticides but no infestation
could be detected in the best protected subarea II that has lasted up to
now (1982).
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A detailed cost-benefit analysis produced surprising results. When
the costs of a conventional chemical control strategy, of a biotechnical
strategy with mass-application of REBELL traps, and of a SIT program are
compared for a period of 12 years, then the average costs of cherry fruit
fly control per tree and season reach the following relative figures :
Chemical control (1 dimethoate spray)
Sterile-Insect Technique
Mass-trapping (k traps/tree)

100
207
h60

If we consider that the chemical control is extremely cheap (1979:
SFr. 2 . — per tree and season or US $ — . 9 3 ) because an effective forecasting system allows to solve the cherry fruit fly problem with one
single treatment per season we can conclude that the absolute costs of a
well designed SIT program are surprisingly small (SFr. U.15 per tree and
season or US $ 1.93) (5).
5. CONCLUSIONS
The SIT approach for control of the European cherry fruit fly,
Rhagoletis cerasi is ready for application in large areas that can be
protected by buffer-zones of 3 km shielding treated areas from the rest of
the orchards. The techniques and logistics have been developed to the
degree that allows an efficient implementation of SIT programs where
thorough analyses of the situation indicate that SIT might be the proper
strategy.
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Strategies for maximizing the potential of the sterile insect release method:
Experiments with Dacus tryoni
A.MEATS
School of Biological Sciences, University of Sydney, Australia

Summary
The best strategy would be to attack target populations when they are
disadvantaged by seasonal conditions.
Acclimation and chemical
treatment improves the performance of released flies in spring when
target flies are in low numbers and are disadvantaged by physiological
aging while waiting to mature in late winter.
Target populations
which have been stressed and physiologically aged by extended hot
weather can also be outcompeted by massreared insects which have not
undergone any stress.
Resume
La meilleure stratégie est d'attaquer les populations visées lorsqu'elles
sont désavantagées par les conditions saisonnières. L'acclimatation et
le traitement chimique accroissent les performances des mouches libérées
au printemps, lorsque les populations sont en petits nombres et désa
vantagées par un vieillissement physiologique dû à l'attente de maturité
en fin d'hiver. Les populations visées qui ont été sous tension et phy
siologiquement vieillies par un temps chaud prolongé peuvent aussi être
mises hors compétition par un lâcher massif d'insectes qui n'a subi au
cune tension.

1. INTRODUCTION
Ito and Koyama (1) point out that with campaigns in the field of the
sterile insect release method (SIRM) there has been no attempt to maximise
chances of success by developing details of the technology in the light of
all the ecological, physiological and genetical knowledge that has been at
hand.
Their paper on the eradication of Dacus Cucurbitae from Kume island
therefore represents a significant step forward in the direction in which
SIRM campaigns should be conceived.
It is the purpose of the present
paper to complement their remarks and to illustrate with the example of the
Queensland fruit fly, Dacus tryoni (Froggatt), how ecological and physiolog
ical investigations could improve the chances of SIRM.
Ό_. tryoni can be used as a model for many similar pest species.
It
occurs in eastern Australia over a 3000 km range from north to south
(ll°38° latitude) .
Its range includes many kinds of rainfall and
temperature regimes including wet/dry tropical, irrigated semidesert, sub
alpine and warm temperate zones which all have different natural vegetation
and commercial crops.
When its bioclimatic potential is viewed in the
light of the basic bionomic constraints to SIRM we can identify areas where
the latter would be feasible and profitable.
We can also identify
ecological, developmental and physiological features which should be better
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understood in order to maximise chances of success.
extent, has been done for D. tryoni.

This, to a large

2. BASIC BIONOMIC CONSTRAINTS TO SIRM
2.1

Sterile/wild ratio required

To effect a decrease in numbers in the target population, the sterile/
wild ratio or S/W must reduce to below one the extent to which the average
mature target female gives rise to another mature target female.
When the
target population has discrete generations the ratio required must
obviously exceed a value found by S/W = (XgD/C, where XQ is the finite
rate of increase per generation that the uncontrolled target population
would have and C is the mating competitiveness of the sterile males
relative to target males.
The ratio required to reduce XQ to any desired level Xg is therefore
found by
S/W = [(XG/Xg)1]/C
or ...
S/W = (DD/C
where D is the amount it is desired to reduce X Q (i.e. for a tenfold
reduction, D = 10). Alternatively the reduction expected from any given
ratio is found by D = [CS/W] + 1.
In the case of overlapping generations exactly the same considerations
apply  it is the rate of female reproduction per female that is important
to S/W not the rate of increase per unit time.
In orthodox terms the
finite rate per unit time is found by
X t = e r , where r = log e (N t /N t + 1 )
The measure we want is found by
XG = e*T
where Τ is the mean age (in t time units) of reproductive females.
T is
not an obvious statistic and varies with temperature and rate of increase.
However the relation to both is predictable (2,3).
The exponent, r,
pertains to actual rate of increase, not to the intrinsic rate, r m , which
is found by experiment at various temperatures in the absence of density
effects (4). Population growth may well equate to r m when there is a
build up from low numbers (2) .
Here Xt = e ™ and X Q = e m T = λ Μ .
However later in the season this may not apply and it may never apply
where numbers are consistently high (2).
2.2

Numbers of sterile males required

The number of sterile males (Ns) required per generation is related to
the number of target flies (Ny) per generation by
N

s = M (DD/C]

<a>

where generations overlap completely, the same formula applies except N s
should refer to number of mature sterile males required per week (t) and
Ny, the numbers maturing per week.
If the released stage is to be mature
pupae then N s and N w must pertain to mature pupae.
If these are referred
to as N S p and N ™ respectively then we can relate them to the number of
maturing adults TN w A ) and the total number of adults (N wA ) provided we
know the weekly survival rate of adults ( P W A ) » the value of XG and the
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proportion (y) of generation time taken to develop from mature pupa to
mature adult.
N

hence

N

wp = * G N w a

sp = X G

[NwA(t)(NwA(tl)P^l(D1)/C

The last equation relates the number of sterile pupae required to the
numbers of adults currently monitored in the population.
Where generations
overlap but peaks are still distinct (5) then adjustments must be made
according to the amplitude and frequency of the peaks.
Further refine
ments are required if monitoring efforts or production schedules are in
arrears.
Whatever elaboration is used all equations are analogues of equation
(a) where it is clear that, for any one competitiveness value, N s depends
on N w and on D which in turn depends on XQ.
Bearing in mind that a
constant N s output is usually desired leading to increasing S/W and
increasing rate of decline in Ny it is pertinent to assess the best time to
start a campaign.
3. BIONOMICS AND SIRM STRATEGY
Where XQ and therefore D is constant with density (as in the original
Knipling model (6)), then N s (and hence the cost of eradication) is
directly proportional to N w ; campaigns are best started when Nw is low.
Where XQ is near to its maximum (λ^) at low densities and declines
with increasing density (as in populations which can be modelled by
logistic or similar equations) N s is lowest at both low and high target
densities and can be very high at intermediate densities.
It is advisable
to start an SIRM campaign at low density because if a start is made at high
density then N s will have to be greatly increased as 1^ is pushed down
through intermediate densities.
Similar considerations apply when XQ declines from intermediate to
low densities but is low at low densities because of low spring temperature
or because of an adverse effect of low numbers on reproduction.
Compared with the effect of variation in N w , any variation in C is of
minor influence unless very low values are reached.
Field monitoring of C
may lead to the conclusion that C drops with high S/W ratios (1).
This
may very well be linked to the fact that when such ratios are reached the
target population is reduced to patches originating from the few remaining
fertile females.
The effective S/W in the patches will be lower than for
the total area.
For instance it may be 100:0 in 6 subareas and 100:5 in
four others making 100:2 overall; if the latter value is used to calculate
C, adverse conclusions may be drawn about the quality of the sterile flies,
whereas if the 100:5 figure was used C may very well appear to be maintained.
In summary, SIRM is more difficult with higher values of Xrø and N w .
Since these two are positively correlated when abundant resources are
available, SIRM is going to be more difficult the more the natural
conditions favour the determinants of Xjj, i.e. the more the bioclimatic
potential is boosted.
4. BIOCLIMATIC POTENTIAL AND SIRM
The ecology and physiology of D. tryoni is so well investigated that
a model of its bioclimatic potential can be presented with reasonable
confidence (2) .
Its key predictions (distribution, abundance, generation
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time in relation to season, ^ in relation to season) can be checked with
data not used in the elaboration of the model (2,7).
The model is there
fore a very useful tool for assessing the feasibility of any type of
control or eradication procedure.
We can use the model to delimit areas according to a favourability
score (01.0) pertinent to the natural population.
In areas with a score
of 0.51.0 the climate is favourable to breeding and dispersal for all for
most of the year and there is a high probability that virtually all wild
and commercial fruit will be discovered by mature female flies.
It can
be concluded from the foregoing section that this situation is the worst
one for SIRM (high N w , high λ Μ ) .
This, coupled with the fact that the
area is large and has a high proportion of rugged country with native and
wild hosts, indicates that management at orchard level would be more
economically realistic despite the loss of export and canning markets for
which complete eradication is usually essential.
Areas scoring 0.250.5 have lower N w and lower λ^.
SIRM is feasible
but proximity to areas of higher score would make protection from re
invasion costly on a continuing basis.
Areas scoring 0.25 or below would have the lowest Ny, Xjj values and
SIRM would be feasible and protection from reinvasion relatively
inexpensive; also any reinvasion would result in a relatively slow build
up of numbers with longer generation time (T) and could be isolated and
dealt with within the time scale required for such responses.
Moreover,
such areas, which include many of the major fruit growing districts of
mainland Australia have a seasonal pattern where N w becomes predictably
low due to a breeding gap in winter or to poor survival of immature stages
and poor fecundity of adult stages in and after hot weather (2).
5. SPECIFIC STRATEGIES FOR SEASONALLY STRESSED POPULATIONS
5.1

Spring populations

The advantages of SIRM in spring with D. tryoni include the following.
In southern areas (scoring 0.5 and below) the wild populations are low and
localised in winter and early spring (8,5) and hence would make precise
targets.
Over 90% of flies that survive to spring are Immature and
unmated (9) being the remnants of the last generation to emerge in the
previous season.
The proportion susceptible to sterile mating would
therefore be very high since females are essentially monandrous.
However a number of problems exist which had to be overcome by
specific research.
These problems include the following.
Laboratory
flies reared at 25°C are not frosthardy like their coldacclimated wild
counterparts in spring (10,11,12).
The wild flies, being partly mature,
may well mature fully and mate amongst themselves before sterile flies
(released as pupae) could become mature.
If sterile flies were released
as adults it is possible that the coldacclimated wild flies would still
mate amongst themselves first if their mating threshold was lower, i.e.
mating among wild flies could occur at a date when temperatures were still
unsuitable for mating of cultured flies.
These problems have now been
answered.
5.11 The dynamics of ovarian maturation
We have shown (9,13) that, in regimes of fluctuating temperature,
flies must experience at least 2 daydegrees per day (2DDPD) above 13.5°C
in order that maturation can proceed to completion.
In regimes involving
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between 0 and 2 DDPD above 13.5°C the most advanced oocytes are resorbed
before reaching maturity, i . e . maturation i s effectively suspended at the
halfway stage although development can proceed up to that stage. When
temperatures never exceed 13.5°C, no development can occur a t a l l .
From
this we can conclude that immature flies are always likely to catch up
with the most advanced ones before conditions ease to allow full maturation.
Sterile flies released as pupae in conditions prescribed by Meats and Khoo
(13) will be able to come into mating condition at the same time as target
f l i e s which are already partly mature a t the time of release.
Meats and
Fay (14) have confirmed this by experiment.
5.12 Mating threshold, 'acclimation' and age
Meats and Fay (15,16) have shown that 'cold acclimation' does not
lower mating threshold and does not a l t e r mating propensity at any
temperature.
In a competitive situation where males outnumber females
'warm acclimated' f l i e s can outcompete 'cold acclimated' ones at 25°C and
20°C but not at 18°C where competitive a b i l i t i e s are equal.
Where f l i e s
have 'overwintered' for 8-12 weeks as submatures their mating propensity
and competitive a b i l i t y i s much reduced compared to f l i e s reared in
culture ('warm' or 'cold-acclimated') in a fraction of the time (17).
Thus laboratory f l i e s , however reared, will suffer no disadvantage in
mating competition in spring and will usually have a significant advantage.
5.13 Dynamics of acclimation for cold-survival
Whereas there is no acclimation with respect to mating threshold in
p_. tryoni there i s marked a b i l i t y to acclimate with respect to torpor and
survival thresholds (10,11,12).
Full acclimation to 15°C produces the
maximum lowering of thresholds.
Torpor threshold i s 5°C lower than in
f l i e s acclimated to 25°C and mean survival at any sub-zero temperature i s
up to four times as long.
These reduced thresholds are as low as those
of wild f l i e s at the end of winter (11).
Adults can be cold-acclimated only very slowly but full acclimation to
a given regime (whether fluctuating or constant temperature) can be rapidly
achieved (regardless of previous thermal history) in the l a s t sixth of
puparial l i f e when the insect i s a pharate adult (10).
A similar c r i t i c a l
period applies to pupae.
Frost-hardy pupae can be produced by transferring mature larvae to 15°C to pupariate (18).
This 'developmental acclimation' can be readily incorporated into a
mass-rearing programme.
The transfer of insects from 25°C to 15°C for
the l a s t sixth of puparial l i f e involves an extension of culture time by
no more than 8 days and produces maximal cold-acclimation.
Cold
acclimation in some other regimes i s almost as good and i s predictable by
a physiological model (10,11,12).
For instance a regime of 12 h per day
at 25°C and 12 h per day at 12°C is almost as good and would involve an
extension of culture time of only 4 days.
If puparial releases are envisaged then developmental acclimation of
mature pupae is the most convenient procedure because the end of treatment
coincides with the optimal stage of release - just prior to emergence.
If adult releases are contemplated then developmental acclimation
from l a t e puparial stage can be achieved in a regime of 12-hourly
alternations between 25°C and 12°C and adults allowed to mature in these
conditions.
Maturation in such a regime would take twice as long as at
constant 25°C.
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5.14 Glycerol feeding
Adults fed on glycerol for 2 days at 25°C can survive twice as long at
-4°C than flies on normal diet (19).
If transferred from normal diet at
25°C to glycerol diet at 15°C adults can double survival time at -4°C in 6
days and almost quadruple it in 12 days (i.e. become virtually as hardy as
fully cold acclimated flies.
The 'glycerol effect' remains after treatment as long as temperatures stay below 18°C.
5.15 Conclusions on spring strategy
It appears that cold acclimation is of great advantage in improving
survival and locomotory activity in relatively harsh field conditions but
provides no advantage as far as mating competitiveness is concerned.
Field-cage trials have confirmed this (17)i release of cold acclimated
tenerals (equivalent to a puparial release) was successful in both mild
and frost spring weather whereas release of warm-acclimated tenerals was
successful only in the mild spring weather.
If puparial release is done at the correct time,wild and sterile flies
should mature together.
Competitiveness values of released flies should
be in excess of one because of the reduced mating vigour of flies that have
overwintered in a submature state.
Adult releases are best kept for emergencies when the target
population is maturing too fast due to temperatures rising faster than
predictions.
Here warm-acclimated adults will perform better than coldacclimated ones above 20°C and will do no worse at lower temperatures as
long as there is no frost; even in the latter case, prior glycerol feeding,,
which has yet to be tried in field conditions, remains a possibility.
5.2 Hot weather strategy
Only preliminary results have been obtained so far.
A consistent
run of temperatures rising to 38-40° each day will result in virtually no
survival through the immature stages and reduced fertility in mature males
and females (2). Three days at constant 35°C is sufficient to sterilize
mature flies and prevent maturation in sub-mature flies.
The latter also
exhibit reduced mating vigour on return to the 'optimal' temperature of
25°C.
Release of 25°C-reared flies of normal competitiveness would appear
to have great possibilities after a period when target flies have been
reduced by hot weather.
The situation here is similar to that in D. oleae
(20) but further research of D_. t r yo ni is required.
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Thermodynamics of diptera-larvae rearing: A preliminary view
WILLIAM G.SCHULTZ
US Department of Agriculture, Western Regional Research Center, Albany, Calif., USA

Summary
The mass rearing of C e r a t i t i s capitata (Mediterranean F r u i t Fly) has
advanced from lO-millTõn pupae weekly/insectary, towards 1 ,000-mil l i o n .
This volume places increased emphasis on e f f i c i e n c y as there i s often a
50% larval m o r t a l i t y . Also, there is increased need f o r f l i e s grown to
specified s i z e , f l i g h t and mating c a p a b i l i t y , longevity, and competitiveness with w i l d f l i e s . E f f i c i e n t volume and q u a l i t y advances depend
on managing insect metabolism by improved rearing design and c o n t r o l .
Thermodynamics are an aspect of metabolism that o f f e r fundamental data
and further opportunities f o r heat management to control temperature.
This was a preliminary thermodynamic study on l a r v a l - r e a r i n g for the
purpose of improving the diet micro-environment. This experimentation
u t i l i z e d Musca domestica (house f l y ) larvae t o : ( I ) survey temperature
p r o f i l e s and the t o t a l , m i c r o b i a l , and larval heats of s t r a t i f i e d
diets with s t a t i c
incubations, and ( I I ) obtain temperatures and
propagate larvae through two l i f e cycles in homogeneous diets with
dynamic incubations.
Total heat peaked at about 8-kJ/h of diet-kg
during 7-day incubations, and microbial heat exceeded larval heat. The
dynamic incubation offers superior control of d i e t , heat, atmosphere,
and s a n i t a t i o n . These thermodynamic relations aid objective selections
of d i e t , equipment, and rearing-environment c o n t r o l .
1. INTRODUCTION
During 1981, there were opportunities to consider the mass rearing of
a variety of insects having economic importance, such as Anthonomus grandis,
C e r a t i t i s c a p i t a t a , Cydia pomonella, Melanoplus d i f f e r e n t i a l i s , Musca domest i c a , Rhagoletis completa, e t c . These considerations related to f u r t h e r i n g
rearing mechanization, especially of C e r a t i t i s capitata (Mediterranean Fruit
Fly, medfly) which has advanced from TO? pupae weekly/insectary towards 10^.
Although mechanization may increase e f f i c i e n c y and reduce cost, i t should
also include instrumentation to improve the control needed f o r production
of insects to specified q u a l i t y standards, such as s i z e , f l i g h t and mating
c a p a b i l i t i e s , longevity, and the ultimate insect u t i l i t y .
Boll weevils, mites, grasshoppers, lacewings, Trichograma, corn earworms, and house f l i e s are among those mass reared f o r use in biological
control programs involving releases of either sterile-male adults to i n terrupt the mating of w i l d insects or as sources of parasites and predat o r s . Boll weevil and corn earworm productions are examples of mechanizations u t i l i z i n g pumped f l u i d s and automatic packaging equipment (5, 11).
House-fly parasite production is on a manual smaller scale, but the mechanized mass production of pupae as a poultry feed has been advocated ( 2 ) .
Mechanization and control must support metabolism f o r a variety of
reasons. Fecundity of certain t e p h r i t i d s was shown to s i g n i f i c a n t l y
increase with supplements in synthetic diets ( 3 ) . Extracellular symbiotes
were shown to contribute to the n u t r i t i o n a l well-being of adult chrysopids
CEC /IOBCSymposium
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and t e p h r i t i d s ( 4 ) . Trauma can cause irreparable harm to the medfly at
some stages of development ( 8 ) .
As the cost i s often high f o r insect
rearing, t h i s cost and rearing e f f i c i e n c y influences the choice between
biological and chemical c o n t r o l s . Using low cost raw materials in a r t i f i c a l
diets is one way to reduce the cost of beneficial insect production ( 7 ) .
Such d i e t s , laden with micro-organisms, can lead to rampant heat generation
in cases where the bacterial population doubles every 10 to 30 minutes ( 9 ) .
Shallow (10 to 25-mm) diets in s t a t i c - t r a y s are commonly used because they
o f f e r simple heat dissipation by means of a large surface to volume r a t i o .
Insect-rearing temperatures have been studied f o r a v a r i e t y of conditions
f o r many years, but very l i t t l e has been published on heat (6, 10, 13, 14).
In such s t a t i c , s t r a t i f i e d d i e t s , larvae w i l l concentrate in the more
favorable micro-environments, r e s u l t i n g in u n d e r - u t i l i z e d diet sectors.
With such d i e t s , small-scale laboratory rearing may show greater than 70%
larval recovery, but recovery may decline to 30 to 50% when these methods
are m u l t i p l i e d t o a large scale with decreased control of d i e t environment.
These conditions suggest the need f o r a better understanding and management of the thermodynamics of the insect and diet micro-environments to
achieve the potential insect q u a l i t y , recovery, and diet u t i l i z a t i o n . This
need becomes very apparent in a sterile-male release program when rearing
1,000-mil l i o n adults on 70-tons of diet per week, and where the laboratory
reared male must compete in an alien environment with the indigenous w i l d
males. Though less dramatic, production of house f l i e s to a predictable
standard are important when used in a bioassay of i n s e c t i c i d e s .
In designing mass-rearing operations, there is the choice t o :
(a) scale-up by m u l t i p l i c a t i o n of e x i s t i n g laboratory methods which are a
combination of insect and human-convenience f a c t o r s , or (b) design an i n t e grated rearing system matching a series of instrumented unit operations to
the insect specific metabolic and physical requirements. In e i t h e r case,
knowledge of the system thermodynamics (heat transformation and movement)
presents a range of options. To elaborate on these options, the following
preliminary study was undertaken:
( I ) STATIC incubations using STRATIFIED diets f o r measuring
f A) Temperature P r o f i l e s of d i e t s ,
(B) Total Heats generated i n d i e t s ,
(C) Propagation of larvae.
( I I ) DYNAMIC incubations using HOMOGENEOUS diets for measuring
(A) Temperature of system,
(B) Capability of larvae propagation,
(C) Potential of a continuously moving d i e t .

—

2. METHODS AND MATERIALS
The basic larval d i e t was: 32.6% w/w Purina #5060 Fly Larvae Media
( a l f a l fa meal, brewers' grains, and wheat middlings; Ralston Purina Co.,
St. Louis, M0 63188 U.S.A.); 1.63% autolyzed yeast #60041 (Red Star Yeast
Co., Milwaukee, WI 53208 U.S.A.); 0.33% corn sugar (99.5% D-glucose); 0.10%
potassium sorbate; 65.18% d i s t i l l e d water; and, 0.16% f l y eggs (not as a
n u t r i e n t ) were added to the diet when larvae were required, unless noted.
The Musca domestica s t r a i n (obtained from the University of C a l i f o r n i a ,
Berkeley) lacked resistance to chemical i n s e c t i c i d e s . This s t r a i n was perpetuated through repeated l i f e cycles during the experimentation (12).
Adult females l a i d eggs on cotton saturated with a solution of 28.0% w/w
evaporated milk (Lucerne brand; Safeway Stores, I n c . , Oakland, CA 94607
U.S.A.); 71.86% d i s t i l l e d water; and 0.14% ammonium carbonate.
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Static incubations were performed in aluminum pans as other materials
( p l a s t i c , glass) introduce unneeded thermal resistance. These containers
were 1  l i t e r pans, 195mm long χ 90mm wide χ 60mm high with 0.10mm wall
thicknesses. These pans were f i l l e d by weight with 580g of d i e t , mildly
vibrated and smoothed to an uniform i n i t i a l density and depth of approxi
mately 50mm. During both incubation and temperature measurements, these
pans were supported in a single layer on knife edges. A uniform a i r move
ment was maintained continuously during both incubations and measurements.
Temperature p r o f i l e s were measured with an ironconstantan thermocouple
in an 1.6mm diameter 316stainless steel sheath, and the temperatures were
read on an analogdisplay indicator (Model #2176A, Omega Engineering I n c . ,
Stamford, CT 06907 U.S.A.). This indicator was calibrated at 0°C and 100°C.
Total heats of s t a t i c diets were measured in a 5 0  l i t e r , adiabatic box,
containing a monolayer of ten pans, each on knife edges, 580g of diet per
pan.
The box was fabricated of 70mm polystyrene r i g i d foam having a thermal
conductivity of 0.03 Wm/m2c. Entering a i r was from a 7°C dewpoint source at
588kPa abs; t h i s a i r was further f i l t e r e d , passed through activated carbon,
reduced to 135kPa abs, the flow adjusted with a needle valve, and measured
w i t h a rotometer having a F&P tube 01N150A and a 4mm 316stainless steel
ball f l o a t (Fi s cherPorter I n c . , Warminster, PA 18974 U.S.A.). Temperature
and r e l a t i v e humidity were recorded with a Rustrak #225 using a thermister
and a polystyrene humidity sensitive element (Guitón Industries, Manchester,
NH 03103 U.S.A.). Temperatures of the room, s t a t i c and dynamic incubators
were recorded to the nearest 0.1°C using copperconstantan thermocouples and
a CR5 d i g i t a l temperature recorder (Campbell S c i e n t i f i c I n c . , Logan, UT
84321 U.S.A.). The pH of diets was measured with a Model 10 meter using
a #476051 Ag/AgCl electrode standardized at pH 7.0 (Corning S c i e n t i f i c
Instruments, Medfield, MA 02052 U.S.A.).
The dynamic incubator design provided an enclosed, moving, homogeneous
d i e t , purged with clean a i r under positive pressure, and shielded from
external contamination. This box was a s t e r i l i z a b l e , t e t r a g o n a l , 1 8  l i t e r ,
t i n  s t e e l box, 340mm long with 230mm square ends. One end had a 10mm
diameter, shielded opening f o r a continuous, forcedair supply and thermo
couple e n t r i e s . This box rotated h o r i z o n t a l l y on the 340mm axis at a
continuous, constant 2.0rev/hour. A 5kg diet load level came to about 75%
of the half height of the square ends, i . e . a nominal 80mm diet depth.

3. RESULTS AND DISCUSSION
Temperature p r o f i l e s of s t r a t i f i e d diets under s t a t i c incubations were
made to determine the temperature d i s t r i b u t i o n s and d i r e c t i o n of heat move
ments w i t h i n the d i e t s . During incubations and measurements, the pans were
on knife edges so there was a f r e e  a i r c i r c u l a t i o n at about 0.2m/s over a l l
surfaces. Water evaporation resulted in a variable microenvironment and
losses of 2 to 10% of d i e t weight in 24h. Therefore, these diets were
routinely rewetted d a i l y a f t e r measuring the temperatures. Temperatures
above 40°C caused larvae to come t o the diet surface, as did rewetting
to greater than about 90% of the o r i g i n a l weight. Temperatures were observed
t o peak on roughly the 4th day, though t h i s peaking was delayed by chemical
preservatives (microbialgrowth retardants) shown in Figure 1 and Table 1 .
This r i s e , peak, and decline is t y p i c a l of bacterial growth ( 9 , 12).
Each diet was p r o f i l e d daily at nine depths (0.0mm from the bottom, 0.5
1.0, 1.5, 2 . 0 , 2 . 5 , 3.0, 4 . 0 , 5 . 0 ) , and at three positions from the pan edge
to the center of the middle crosssection (0.0mm, 20, 4 5 ) .
Occasional
p r o f i l e s were checked at nine pan depths w i t h a 5 χ 5 matrix of measure
ments at each depth (225 readings/pan). Subcooling was common during the
f i r s t day or two as shown i n Table 1 .
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The s t e r i l e diet with larvae, in Trial HIV of Table 2, did not show
heat generation, but i t had substantial fungal growth, up to 15mm high on
two of ten pans. This mold growth extended throughout the depth of d i e t s .
This was contamination by mycelia or spores remaining on the polystyrene
foam i n t e r i o r surfaces which were not s t e r i l i z e d between t r i a l s .
Total heats were measured by a series of energy balances using the
s t a t i c , s t r a t i f i e d diets common to present day practice i n mass r e a r i n g .
These diets are s t r a t i f i e d (nonuniform) with respect to temperature, heat,
moisture, evaporation, aeration, and larvae p o s i t i o n , hence the dual terms,
" s t a t i c " and " s t r a t i f i e d " . The t o t a l heat of the system can be summed as:
Q = + Microbial Heat ( b a c t e r i a , f u n g i i , yeasts) ] BIOLOGICAL
+ Insect Heat (larvae)
]
+ Oxidative Heat
] CHEMICAL
 Evaporative Heat (water)
] PHYSICAL
These energy forms in the diets result in the thermodynamic movement and
transformation of heat. The insulated box f o r measuring the t o t a l heat was a
closed system where: Q o u t  Q¡n = w a i r ( h o u t  hjn) and 'Q' is heat, 'w' i s
the mass of a i r in and out of the system, and ' h ' is the a i r enthalpy ( l a t e n t
+ sensible heat content/unit mass). The enthalpies were obtained from
psychrometric charts using the measured temperatures and humidities, assum
ing n i l other changes in a i r composition ( 1 ) . As these t r i a l s were a pre
liminary survey, a 50mm diet depth was used to be sure of obtaining
s u f f i c i e n t heat to readily measure and i n t e r p o l a t e , thereby avoiding the
disadvantages of e x t r a p o l a t i o n . Shallow 20mm diets e x h i b i t lower, similar
p r o f i l e s . Microbial or larval counts were not routinely included.
The t o t a l heats peaked at 8kJ/h of d i e t  k g and 6kJ/h when loaded
with 2.8g eggs/dietkg and 1.2g, respectively, i n HI and HII (Table 2 ) .
With heats of 1 2 to 18kJ/h of d i e t  k g , there was no larval s u r v i v a l , and
i t was assumed that t h i s i s bacterial heat because the 40°C temperature
is above the usual temperatures expected f o r substantial growth of f u n g i i
and yeasts. As there was no s t e r i l e d i e t with larvae, i t is speculative to
use the difference of (8kJ)  (6kJ) as the larval heat. I f speculating,
t h i s suggests that l a r v a l action contributed 2kJ/h of d i e t  k g when seeded
due to the additional 16g eggs/dietkg, and the microbial heat was c o n t r i 
buting 4.5kJ/hr of d i e t  k g . Also, t h i s and the results in Table 1 show t h a t :
(a) the preservatives delayed microbial action and temperature and heat
r i s e s , and (b) microbial heat exceeded larval heat.
For a specific
massrearing s i t u a t i o n , i t i s important to determine the heat values for
that specific s i t u a t i o n p r i o r to the design commitment.
This can be i l l u s t r a t e d with a hypothetical f a c i l i t y of a size and s i t e
requiring 500kW of a i r conditioning for the l a r v a l  r e a r i n g rooms i f using a
raw d i e t . I f 50% of the a i r  c o n d i t i o n i n g load is due to microbial heat, and
50% is due to l a r v a e , personnel, l i g h t s , machinery, and c l i m a t e , there i s a
250kW cost to be funded f o r the alternatives of: (a) a i r  c o n d i t i o n i n g , (b)
d i e t s t e r i l i z a t i o n , (c) enclosed incubators, or (d) other options.
If
a i r  c o n d i t i o n i n g is valued at US$150/instal led kW with a 7yr depreciation,
e l e c t r i c i t y at US$0.04 per kWh, yearly maintenance at 15% of i n s t a l l e d cost,
8% i n t e r e s t , and 35day / y r χ 24h/day operation, the hypothetical value
would exceed US$100,000/yr. This emphasizes the value of predetermining
the biological energies because of design and investment decisions.
After observing the biological and physical s t r a t i f i c a t i o n in s t a t i c
d i e t s , a dynamic incubator was designed to provide: (a) a homogeneous d i e t ,
(b) a d i e t movement approximating a 100cm/h larvalcrawl speed, (c) a con
t r o l l e d atmosphere, and (d) a shield against external contamination. Flies
were carried through two l i f e cycles for data of Table 3. In a thermodynamic
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view, the operation and temperature were more uniform than with s t a t i c d i e t s .
When opened for inspection, the 80mm dynamic diet was always uniform, and
cool compared to the s t a t i c 50mm diets in aluminum trays which were simulta
neously being used to propagate larvae. Fungii growth was never a problem.
A similar percentage of adults emerged after Trial DII using the dynamic
incubator as emerged from other s i m i l a r pupae o r i g i n a t i n g from s t a t i c d i e t s .
Overall, the dynamic incubator had such good r e s u l t s , and was so clean and
convenient to use, that our intent is to continue to use i t f o r propagation.
The verygentle f o l d i n g , dynamic movement of the diet was beneficial to
moisture uniformity and larval growth.
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1.

MAXIMUM DAILY TEMPERATURES IN DIETS
DIETS, raw, 50-mm deep
with eggs
CONTAINER, aluminum pan

χ = No Preservative
o = 0.10% w/w Κ sorbate

TIME, days

Figure 2. TEMPERATURE Profiles, Day 5, 30-07-82
DIETS, raw, 50-mm deep
with eggs
CONTAINER, aluminum pan
ROOM AIR, 22.4°C

30°C29-

χ = No preservative
o = 0.10% w/w Κ sorbate

20°C—
HORIZONTAL
from edge
VERTICAL
from bottom

0-mm
btm

20-mm
mid
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50-mm
top

Table 1 .
TEMPERATURE DIFFERENTIALS, S t r a t i f i e d Diet with Static Incubation, Summary.
TRIAL

PI
PII
PHI
PIV
PV
PVI
PVII

DIET
at
Start
raw
II

LARVAE
0.9-ml
per
diet-kg

II

II

II

II

II

II

II

TEMPERATURE DIFFERENTIAL*
(Max D i e t Temp)
( Ai r Temp~)
COOLING
HEATING

none

-1.0 at #2
-1.5
-1.0
-1.0
-1.6
-1.5
-1.9

II

0.45% acetate**
0.10% paraben***
0.10% sorbate****
none
II

none

°C at Day

°C a t Day

w/w

none
yes

II

sterile

CHEMICAL
PRESERVATIVE

+3.3 at #4
+8.6
4
+6.6
5
+0.7
6
+1.9
6
+3.0
6
+1.3
4

*

Typically, the maximum temperature is in diet lower- to mid-center.
Day = number of 24-hr days after Day Zero.
**
Sodium diacetate.
CONTAINER, aluminum pan
* * * Methyl para-hydroxybenzoate
DIET, weight, 580-g/pan
* * * * Potassium sorbate
depth, 50-mm

Table 2.
TOTAL-HEAT RATE, S t r a t i f i e d Diets with Static Incubations, Summary.

TRIAL

HI

HII

Hill

HIV

DIET

EGGS

at
start

g per
diet-kg

raw

2.8

raw

raw

sterile

1.2

0.0

0.0

DAY

0
1
2
3
4

LARVAE

AIR FLOW

stp

MAX TEMP
INCUBATOR
ATMOSPHERE

length

liter/hr

*C

_
-

85
142
II

25
39
42
43

TOTAL HEAT
RATE

kJ/hour
of diet-kg
0
5
8

5-mm
6-mm
dead

284
II

--

---

_
-

691
300
691

20
40
31
40
38
35

0
3
6
6
4
3

26
41
36
48
33

0
8
12
18
6

26
26

0
0

0
1
2
3
4
6

8-mm
50% pupae

II

0
1
2
4
6

0
0
0
0
0

153
303
742

0
9

0
0

153

( - ) , Incubator not opened; no measurement.
DIET, depth, 50-mm with 0.10% w/w Κ sorbate.
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II

II

II
II

II

( - - ) , no measurement.
CONTAINER, aluminum pan.

Table 3.
LARVAE PROPAGATION, Homogeneous Diets with Dynamic Incubations, Summary.
TRIAL

DI

DII

DUI

DIET

EGGS

at
start

dietkg

raw

1.8

raw

sterile

DAY

LARVAE

AIR FLOW

length

stp
liter/hr

g per

0.0

2.6

0
2
4*
7*
9*

0
0
3mm
7mm
8mm

501

0
2
4
7
9*

0

153
501
303

0

II

0
2
4
7**
9
10**

0

153




II





8mm


60% pupae

II

303
153
303

II

II
II
II

752

MAX TEMP
INCUBATOR
ATMOSPHERE

°C
25
25
25
30
34
27
27
33
29
26
24
27
26
28
39
35

* Opened t o examine; no f u n g i i observed a t l x .
**
»
"
»
«
" 75x.
(  ) , I n c u b a t o r not opened, no measurement
DIET, m o i s t u r e , 67% w/w
CONTAINER, t i n n e d  s t e e l box
d e p t h , nominal 80mm
r o t a t i o n , 2rev/hour
weight, 5kg
preservative, 0.10% w/w Κ sorbate
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Sterilization of the fruit fly, Ceratitis capitata (Wied.)
by ionizing radiations
J.PIEDADE-GUERREIRO & J.GOMES DA SILVA
IICT-Zoology Centre/ Integrated Pest Control Division & IPOFG-Radiotherapy,
Department of Physics, Lisbon, Portugal

Summary
The purpose of this research is to obtain a better understanding of the effect of several ionizing radiations (Co-60
gamma radiation, X rays 25 MeV and 19 MeV electrons beams)
on the sterilization of the fruit fly Ceratitis capitata.
With this objective several lots of 6-day old pupae were irradiated. The physiological effects of the used radiations
were then compared with each other and with control batches.
These comparisons were done bearing in mind parameters considered as representative of the level of physiological activity of the insects, such as the percentage of eclosions
from irradiated pupae and the degree of sterility of the imagines emerged from those pupae.
Resume
Les auteurs présentent l'action de différentes énergies de radiations
ionisantes (Radiation gamma du cobalt-60, rayons X 25 MeV et électrons
19 MeV) dans la s t é r i l i s a t i o n de la mouche méditerranéenne Ceratitis
capitata.
Plusieurs lots de pupes âgées de 6 jours ont été soumis à l'action des
radiations citées ci-dessus.
La comparaison a été effectuée parmi les lots irradiés et les lots t é moins. Les effets biologiques des différentes radiations ont été analysés en ce qui concerne les paramètres physiologiques de l ' i n s e c t e (pourcentage d'éclosions dans les pupes irradiées et degré de s t é r i l i t é des
adultes obtenus de ces pupes) .
1 . INTRODUCTION
The b i o l o g i c a l c o n t r o l by t h e u s e of t h e s t e r i l i t y i n s e c t
t e c h n i q u e (SIT) i s b a s e d on t h e i n d u c t i o n of male s t e r i l i t y
t h r o u g h t h e t r e a t m e n t of i n d i v i d u a l s of an i n s e c t s p e c i e s w i t h
ionizing radiations.
The s p e c i e s of i n s e c t s r e a c t d i f f e r e n t l y t o each t y p e of r a d i a t i o n and w i t h i n a s p e c i e s t h e b e h a v i o u r of t h e i n d i v i d u a l s
v a r i e s w i t h t h e s t a d i u m of metamorphosis and a g e .
At t h e pupa s t a g e t h e i n s e c t h a s c e l l s a t d i f f e r e n t p h a s e s
of d i v i s i o n and t h e r e f o r e when a pupa i s i r r a d i a t e d some c e l l s
a r e r a d i o s e n s i t i v e and o t h e r s a r e r a d i o r e s i s t a n t . Under t h e s e
c o n d i t i o n s t h e a u t h o r s c o n d u c t e d a s t u d y t o compare t h e e f f e c t
of d i f f e r e n t e n e r g i e s of i o n i z i n g r a d i a t i o n s on C e r a t i t i s c a p i t a t a (Wied.).
The aim was t o p r o d u c e dominant s t e r i l e m u t a n t s on t h e p r o g e n i e s of t h a t s p e c i e s w i t h o u t c h a n g i n g t h e b i o l o g i c a l b e h a v i o u r i n r e l a t i o n t o t h e w i l d i n d i v i d u a l s . The o b j e c t i v e of t h i s
r e s e a r c h i s t o e x p l o i t t h e p o s s i b l e u s e of t h e method u n d e r
field conditions.
CEC /IOBCSymposium /Athens /Nov. 1982

386

1.1 MATERIAL AND METHODS
The biological material used in the present study consisted
of pupae of Ceratitis capitata obtained from a permanent cul
ture maintained at the Centre of Zoology of H C T .
The insectarium at C.Z., in which the artificial propagati
on took place was kept at the temperature of 258C ± 3SC, 60
10% relative humidity and a light/darkness rate of 12/12 hours
per day.
A 1000lot of 6day old pupae was taken for each test,being
500 irradiated and 500 kept as a control. The age adopted cor
responds to the average period of emergence observed under la
boratorial conditions.
The irradiations were carried out at the Service of Radio
therapy of the Instituto Português de Oncologia (I.P.O.),Lis
bon Centre, where two units of production for three types of
radiation with different energies were used (cobalt60 gamma
radiation, Xrays and linear accelerator of electrons).
Regarding the cobalt, the irradiation was made in a small
tray of metacrilate with 5.5 χ 5.5 cm i.e. with an area of ap
proximately 30 cm^ which corresponds to the area of the irra
diation field.
Two methods were used to irradiate the biological material
with linear accelerator of electrons:
For the 19 MeV electrons the pupae were placed in a 10 χ 10
cm metacrilate tray and the distance between the focus and the
surface of the pupae was 100 cm.
In the case of 25 MeV Xrays the material was placed in a
metacrilate "Phantom" at 3.5 cm depth. The objective was to
place the biological material at the depth of electronic balan
ce (equilibrium) i.e. at the depth of occurrence which corres
ponds to the maximum of the used dose (buildup effect). For
this radiation with a 100 cm distance between focus and "Phan
tom" surface and a 10 χ 10 cm irradiation field, the maximum
of the dose occurs at a 3.5 cm depth.
The physical and geometrical characteristics of the radia
tions are presented on Tables 1, k and 7. The parameters con
sidered for the irradiated pupae were the percentage of eclo
sions and the nondetachment of the puparium. This last factor
was used because it seems that there is a relation between the
dose of irradiation and the maximum or minimum difficulty with
the imago gets free of the pupal involucre. A third parameter
considered was the percentage of normal adults obtained.
The following crosses were made in the experiments:
J) χ I d)
Al) Irradiated female χ Irradiated male ( I <
Í) Normal female
χ Normal male
(N Q χ Ν 0)
B)

îi

.

..

x„

.. ..

Irradiated female χ Normal male
(I Q χ Ν ØJ
Normal female
χ Irradiated male (Ν Q χ I O )
For each cross 20 females and an equal number of males were
introduced into a 15 cm face side cubic cage especially made
for the experiment.
All crosses were made with the aim to find the degree of
sterilization and the frequency of the time of survival of the
irradiated adults in comparison with the controls.
1.2 RESULTS AND DISCUSSION
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In the experiments carried out (using different radiations)
it was found that the adults from irradiated pupae emerged al
ways 2 to 4 hours earlier than those from control groups.
The females from the progenies of I Ç χ I é and I Q χ Ν 0
crosses did not lay any eggs during the 15 days of the experi
ments. Females from Ν Q χ I 0 crosses always laid eggs. These
eggs were incubated in humid chambers but no larvae emerged.
To get a convenient systematization regarding the three ty
pes of radiation used, each one of these elements will be now
considered separately.
1.2.1 Cobalt60 gamma radiation (60 Gy)
The percentage of eclosions from pupae irradiated with 60Gy
was 1.8% lower than that of the control group, Table 1.
Concerning the facility with which the adults get detached
of the puparia the difference was only 1%.
The percentage of normal adults irradiated with 60 Gy was
2.6% smaller that the control group. The percentage of normal
males irradiated was 2.2% higher than the normal females, Ta
ble 1. The results of egglayings of the Ν Q χ I 0 cross irra
diated and the control group during the experimental period,
were as follows:
Number of eggs/day
Day Number
Ν 0 χ I 0
Controls
1
214
92
2
391
438
3
495
263
4
469
478
5
489
425
6
579
627
7
301
312
8
276
292
9
411
535
10
383
295
11
314
368
12
268
245
13
147
128
14
166
186
15
121
182
The total number of eggs, the daily average and the percen
tage of hatchings are given in the Table 2. It was found that
the egglayings of the Ν Q χ I 0 cross produced more 3.24%hat
ched eggs than the control group.
The observation of the curves of survival of the adults sub
mitted to this type of irradiation shows that the life span
of the females was longer than that of the males which curve
of survival falls abruptly. No mortality among the females was
recorded before the mid of the experimental period. No paralle
lism was found between the curves of irradiated and normals
adults, Table 3.
1.2.2 Xrays (Linear accelerator of electrons32 MeV)
(25 MeV  60 Gy)
In this experiment the results obtained for both irradiated
and control groups were very uniform for the studied parame
ters.
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The percentage of eclosión from pupae irradiated was 0.8$ hi
gher than that of the control group, Table 4. Concerning the
facility with which the adults get detached of the puparia the
difference was also the 0.8%. The percentage of normal adults
irradiated was 0.2% lower than in the control. The percentage
of normal males irradiated was 1.6% higher than that of normal
females, Table 4. The data given below allow to compare the
egglayings of the Ν 0 χ I 0 cross with those of the control
group 2
Number of eggs/day
Day Number
Ν Ç χ ] é
Controls
1
90
193
203
356
2
487
369
3
396
305
4
216
485
5
603
295
6
297
782
7
191
194
8
168
186
9
145
280
10
109
230
11
143
178
12
89
126
13
78
118
14
36
53
15
The total number of eggs, the daily average and the percen
tage of hatchings are presented in Table 5, which shows a de
crease in the number of eggs of the Ν (¡) χ I 0 in relation to
the control group.
The analysis of the curves of survival of adults irradiated
with Xrays of 25 MeV shows again a higher survival of the fe
males, which curve only starts falling from the mid of the pe
riod. Regarding the males, there was a great parallelism betwe
en irradiated and control groups which allows to conclude that
there was no great influence of this type of radiation in the
survival of the adults, Table 6.
1.2.3 Electrons (Linear accelerator of electrons  32 MeV)
(19 MeV  54.6 Gy)
A great similarity was observed in this experiment between
the two groups, irradiated and control, for the studied para
meters, and the percentage of eclosions from irradiated pupae
was identical to that of the controls, Table 7.
Very small differences, 0.4% were again found regarding the
facility with which the adults get free of the puparia.
The percentage of normal adults in the irradiated group was
only 0.4% smaller than in the control and there were 2% more
normal males than females, Table 7.
The results of egglayings of the Ν Ç χ I 0 cross and the
control group were as follows:
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Day Number

Number of eggs/day
Ν <¡) χ I 0
Controls

1
58
93
2
108
163
3
350
305
4
175
321
5
239
379
6
252
477
7
113
249
8
202
429
9
189
205
10
198
187
11
124
156
12
95
209
13
73
203
14
52
93
15
27
59
The total number of eggs, the daily average and the percen
tage of hatchings are given in Table 8 which shows a conside
rable decrease in the number of eggs in the Ν Q χ I 0 cross
when compared with the control group.
A higher survival of the females is shown in the curves of
adults submitted to an irradiation with 19 MeV electrons and
their curve only starts falling from the mid of the experimen
tal period. Concerning the males there was a great parallelism
between the two groups and in some points the curves overlap
ped. This allows to draw the conclusion that the radiation
with high energy electrons has no significant influence on the
survival of the adults, Table 9.
The overal comparison of the data obtain with different ra
diations and energies, demonstrate that as the energy increa
ses the biological behaviour of irradiated samples turns more
near of that of the control groups.
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Comparative mating behaviour of wild and mass-reared sterile medfly
Ceratitis capitata (Wied.) on afieldcage host tree - II. Female mate choice
G.ZAPIEN, J.HENDRICHS, P.LIEDO & A.CISNEROS
Moscamed Programa DGSV-SARH, Mexico

Stannary
The mating behaviour of wild and sterile laboratory-reared Mediterranean fruit flies Ceratitis capitata was conpared through systematic observations during ten days on a field caged coffee tree in
Antigua, Guatemala.
Ihe objective was to find a better method to evaluate the overall
performance of the mass-reared laboratory fly's sexual activity and to
determine the effectiveness of these flies in relation to the wild
fly, in carrying out their mission in the field. These sterile flies
are presently being released for eradication purposes at a rate of
500 million per week over Guatemalan territory next to the Mexican
border.
No difference was observed between wild and laboratory flies in
their daily pattern of sexual activity, that peaked from 800 to 1000
hours on the bottom of leaves. All matings took place following
attraction of females to displaying and competing males in mixed
leks. There was also no difference between female visits to displaying males. Out of 138 observed matings, 51.5% were formed by
laboratory males and 48.5% by wild males, 61.6% of the matings were
not mixed and 38.4% were mixed wild-laboratory matings.
Resume
On compare le comportement de copulation de mouches sauvages méditerranéennes des fruits Ceratitis capitata, et celui de mouches
stériles élevées en laboratoire par des observations systématiques
réalisées pendant 10 jours dans des cages de campage sur le caféier,
dans l'Antigua, Guatemala.
L'objectif fut de trouver une meilleure méthode pour évaluer l'activité sexuelle des mouches élevées en laboratoire et de déterminer
l'efficacité de ces mouches vis-à-vis de mouches sauvages dans des
conditions de campagne. Ces mouches stériles sont aujourd'hui mises
en liberté dans 1'ordre de 500 millions par semaine sur le territoire de Guatemala à proximité de la frontière mexicaine.
On n'a pas observé de différences entre le comportement sexuel des
mouches sauvages et celles élevées en laboratoire. Toutes les
copulations eurent lieu à la suite de l'attraction de la femelle
envers les mâles compétiteurs dans les "leks" mixtes. Il n'y eut
pas de différence entre les visites des femelles aux mâles.en parade.
Dans 138 observations de copulations, 51,5% furent réalisées par des
mâles de laboratoire. 48,5% par des mâles sauvages, 61,6% ne
furent pas mixtes et 38,4% furent mixtes par des mâles sauvages et
des mâles de laboratoire.

CEC /IOBC Symposium /Athens /Nov. 1982
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1. INTRCOÜCTION
Millions of dollars are being spent annually on eradication programmes of
native or introduced medfly populations, using the sterile insect techni
que (SIT). The predominant prerequisite that has been recognized for the
successful application of these programmes is the sexual compatibility in
the field mating behaviour of the released laboratory reared flies and
the wild target populations (Boiler, 1977).
Large scale massrearing under unnatural conditions, an integral part of
these programmes, introduces drastically different selective pressures on
this mating behaviour within the laboratory colony (Bush et al. 1973),
making it even more critical to assure constantly the effectiveness of
the sterile males in fulfilling their mission in the field.
Scores of tests have been designed, that measure sexual traits of reared
fruit flies (Boiler et al. 1977, Calkins et al. 1981, Fried et al.
1971). Most of the techniques used, however, are applied under laboratory
conditions (Wong et al. 1983), and the few field cage tests, such as the
mating propensity or speed and the asortative mating test or new ratio
test work under unnatural situations, such as limited time, removal of
formed pairs, high density of flies, etc., and that measure only the
final number and type of matings formed and that cannot be an absolute
indicator of the quality of the produced and released sterile flies
(Liedo et al. unpublished).
We present here the result of systematic observations during ten days of
the comparative mating behaviour of wild and massreared sterile medflies,
released on a host tree growing naturally and enclosed within a field
cage in a coffee plantation in Guatemala.
The specific objectives were :
1. To evaluate on medfly an alternative method, following Prokopy and
Hendrichs (1979), and Hendrichs (1983), to compare the sexual activity
of sterile ans wild fruit flies under seminatural conditions (field
cage with hosts).
2. Zo determine the effectiveness of the sterile medfly massproduced at
the Metapa facility and shipped to Guatemala for release, in relation
to the wild target population.
3. To observe and compare the sexual behaviour of the sterile and wild
medflies, including pheromone and sound calling, malemale competition,
lekking, femalemate choice, courtship and mating.
The first part of this comparative mating behaviour of medfly (Zapien et
al. 1983), deals with malemale competition, the first component of
sexual selection, whereas this paper covers the second component of
sexual selection : female mate choice.
2. MATERIAL AND METHODS
The field cage (3m diam. χ 2m high), was set up in Antigua, Guatemala, in
a coffee plantation with a light silk oak tree overstory (Gravillea sp.).
The enclosed coffee tree was ca 2m tall, with three branches and a total
of 853 leaves. There was no naturally growing fruit on the host used.
Daily eight red coffee berries (mostly infested) were attached to the
branchlets of the hosts.
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The wild flies were obtained from 180,4 kg of mature coffee (138 782
berries), collected in the same area of plantations where these observations were made. Infestation varied in the different collections from 7
to 39%. A total of 6 050 pupae were obtained with an average pupal weight
before emergence of 4,9 mg, 4 499 adults emerged (75,85% emergency), with
a 1:1,05 female to male sex ratio.
The laboratory flies were taken from the normal shipments of sterile
flies upon their arrival by airplane in Guatemala City, coming from the
Metapa Mass-rearing Laboratory (in the 52th generation) in Chiapas,
Mexico. Their time in anoxia, since they were packed and irradiated in 15
liter plastic bottles, was ca 9 hours (including customs in Guatemala).
Average weight was 6,6 mg, with a percentage of emergence of 95 % and
female to male sex ratio of 1:1,081.
Soon after eclosión, the sexes were segregated and placed in 2 liter
laboratory cages, provided with water and food (sugar and enzymatic yeast
hydrolysate 3:1) and were maintained under natural photoperiod conditions
at 24 C. Flies were marked very carefully, each individual with plastic
color mark on the notum, wild and laboratory flies with a different
color. No chilling or gas was used to handle the flies.
For the systematic mating behaviour observations twenty virgin flies of
each sex (ten wild and ten sterile), were released into the cage for each
replicate (= observation day). There were a total of ten replicates.
Flies were released at ca 07h00 each day. and at 17h00 all flies on
that day were collected. Release age for wild flies fluctuated between 9
and 12 days, and for sterile laboratory flies between 4 and 10 days,
taking into account the physiological age of the two strains. Wong and
Nakahara (1978), report a long maturation period for wild females and
only four days for laboratory females.
Each half an hour a census was taken of the distribution of the flies
within the cage. The interval in between was spent watching and recording
the encounters on the different structures of the host and on the cage.
Also each half an hour temperature, light intensity and humidity were
recorded (fig. 1).

Mount OF T M M T

Fig. 1 - Averages of light intensity and temperature, throughout the day
during the ten observation days : 7 sunny and 3 cloudy days, Mediterranean
fruit fly, Ceratitis capitata
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Out of the ten observation days, it rained in 5 afternoons after 14.00h,
bringing all activities to cease. Flies of both strains remained motion
less at the underside of the leaves. In 3 of the 5 days with afternoon
rains it was cloudy all day. The low illumination and temperature (Fig.
1), as well as the high humidity and wind, caused an immediate drop in
activities.
3. RESULTS
Malefemale encounters
Mate choice, mainly in these more tropical lekking fruit flies, is
excerted mostly by the females (Prokopy, 1980; Aluja et al., 1983).
Virgin females arriving at mixed leks, observed and visited displaying
and competing wild and laboratory males (see Zapien et al. 1983), selec
ting the most fit from among the assembled group.
Once a male discovered a female near his oneleaf territory, he started
rapid wing fanning, until the female left again or entered his territory
on the bottom of the leaf. In this case, he faced the female, approaching
her slowly and fanning intensively. If the female stayed, he continued his
courtship, fanning rythmically his wings and lowering his abdomen to
direct a concentrated flow of pheromone to the female. The female waved
her wings slowly and, facing the male, made a circular movement right and
left away from the head to head position. The male slowly turned on the
same spot continuing to face the female, until suddenly he jumped over
the head of the female, turned and mounted her. Once mounted, the male
produced a loud and continuous rapid wing vibration, the precopulatory
song. Only if the female raised then her ovipositor and allowed male
intromission, was this a successful mating attempt.
Out of 325 malefemale encounters observed, 57,5% did not end in a
mating; in 17,5% there was no mating attempt and in the other 40,0% the
mating attempt was unsuccessful.
TABLE I  Percentual distribution of female visits wherein was no mating
attempt or mating (N57)  Summary of 10 observation days,
Mediterranean fruit fly, Ceratitis capitata

%

Visiting
laboratory
females

Visiting
wild
females

TOTAL

Laboratory
males
visited

40,4

21

61,4

Wild
males
visited

24,6

14

38,6

TOTAL

65,0

35

χ

= 0,25

Ρ < 0,05 Ν.S.
400

100%

There were as many
females (65%) than
were between 07h00
07h32, the last at

female visits without a mating attempt of laboratory
of wild females (35%) (Table I), and most of these
and 08h00 (Fig. 2). The first was observed at
15h28.

LABORATORY F I M A L U
( M.I7I
« L O FEMA LE«
IN·«0 1

H O U « OF THC DA T

Fig. 2  Distribution throughout the day of wild and laboratory female
visits to displaying males which did not result in unsuccessful mating
attempts or matings (N=57). Summary of ten days of observation, Mediter
ranean fruit fly, Ceratitis capitata.
Laboratory males were visited (61,4%) as much as wild males (38,8%). Wild
females visited more laboratory males (60% of all wild female visits)
than wild males (40%). In 85,9% of these malefemale encounters without a
mating attempt (Table II), did the females abandon the encounter, leaving
the courting male.
TABLE II  Percentual distribution of flies leaving malefemale encounters
in which there was no mating attempt or mating. (N=57)
Summary of ten observation days, Mediterranean fruit fly,
Ceratitis capitata

%

Males

Females

TOTAL

?
Laboratory

8,8

56,1

64,9

Wild

5.3

29,8

35,1

14,1

85,9

TOTAL

yf = 0,11

100%

Ρ < 0,05 Ν.S.

Unsuccessful mating attempts (N=130) were mostly between 07h00 and
09h00 for laboratory males and between 08h00 and 09h00 for wild males.
(Fig. 5). The first was seen at 07h12, the last at 15h12. Laboratory
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males were responsible for 57,7% of all unsuccessful mating attempts
(Table III). In the female visits with a mating attempt, laboratory
females were also responsible for as much visits to displaying males
(50,8%) than wild females (49,2%) (Fig. 3).
In 69,22% of these unsuccessful matings, did either the female (59,22%)
or the male leave (10,00%); in the other 30,78%, both individuals left
simultaneously.
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Fig. 3 - Distribution throughout the day of unsuccessful mating attempts
on wild and laboratory females (N=130). Summary of ten days of
observation, Mediterranean fruit fly, Ceratitis capitata.
Distribution throughout the day of total female visits to males including
those without and with mating attempt are shown in fig. 4.
TABLE III - Procentual distribution of unsuccessful mating attempts
(N=130), by male and female type. Summary-of ten observation
days, Mediterranean fruit fly Ceratitis capitata.

%

Laboratory
females
o
L

Wild
females

?

TOTAL

S

Laboratory
males

26,2

31.5

57,7

Wild
males

24,6

17,7

42,3

TOTAL

50,8

49,2

χ

= 17,56 Ρ > 0,05 **
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100%

Matings
Matings represented 42,46% of all male-female encounters. The first was
seen at 07h40, the last one formed at 15h20. Peak of pair formation was
between 08h00 and 10h00 for laboratory males and also for wild males
(Fig. 4). Between 08h00 and 09h00 laboratory males formed most matings,
whereas between 09h00 and 10h00 wild males formed most matings.
Most mating formed on the foliage (93%) of which again 95,9% were on the
bottom of the leave. 45,8% of the matings happened on the upper third of
the foliage, 36,4% in the second third and only 17,8% on the lower third.
No matings were formed on the fruit.
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F i g . 4 - Distribution throughout the day of all wild and laboratory
female visits to displaying males (excluding matings) (N=187).
Summary of ten days of observation, Mediterranean fruit fly
Ceratitis capitata
TABLE IV - Percentual distribution of matings (N=138), by male and female
type. Summary of 10 observation days, Mediterranean fruit
fly, Ceratitis capitata

%

Laboratory
female

?

Wild
female

L

TOTAL

S

?

Laboratory
male

35,51

15,94

51,45

Wild male

22,46

26,09

48,55

TOTAL

57,97

42,03

Mixed pairs (N=53) = 38,4%
Not mixed pairs (N=85) = 61,6%
x 2 = 7,31

Ρ > 0,05
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100%

There was a difference between laboratory and wild males in total
number of successful matings in the ten observation days (N=138). 61,6%
of these matings were formed by not mixed pairs and 38,4% by mixed pairs
(Table IV), that is matings between laboratory and wild flies. However,
only 15,9% of the matings were formed by laboratory males with wild
females compared to 35% of matings formed by laboratory males with
laboratory females.
Comparing, however, sunny and cloudy days with rain (Fig. 1), significant
differences were observed between laboratory and wild flies. The total of
mating per sunny day was 18,1 (peak of mating formation between cloudy
days (3,7/day), and the peak of pair formation was later in the day
(09h00-10h00) (Fig. 5)
TABLE V - Percentual distribution of matings (N=127) by male and female
type, on sunny days (N=7), Mediterranean fruit fly
Ceratitis capitata

%

Laboratory
females

Wild
females

TOTAL

Laboratory
males

35,58

17,32

55,90

Wild males

24,31

19,69

44,1

TOTAL

62,99

37,01

100%

Mixed pairs (N=85)
41,73
Not mixed pairs (N=74) 58,27
χ 2,50 Ρ < 0,05 N.S.
Of all mating on sunny days (N=127), laboratory males formed 55,9% of
these matings and wild males 44,1% (Table V). Mixed matings represented
41,73% of all pairs formed on sunny days. On cloudy days (Fig. 1),
laboratory males formed no matings, all were formed by wild males (N=11),
with wild females (Table VI).
Mating time fluctuated between a minimum of 6 min. and a maximun of 259
min. The average mating times for the four types of mating were 124
minutes for the laboratory male-wild female mating (N=22), 130 minutes
for the laboratory male-laboratory female (N=49); 135 minutes for the
wild male-wild female mating (N=36). Wild males tended to prolong matings
( χ = 127 min.) than wild males (x = 142,5 min.). Due to this
generally long mating time in medfly the maximum peak of already formed
couples for laboratory and for wild males was quite later (10h00) than
the peak of pair formation (Fig. 6).
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TABLE VI - Percentual distributie«! of ratings (N=11 ) by male and female
type, on cloudy days (N=3), Mediterranean fruit fly
Ceratitis capitata
__— __ __ _—___

_ .

______

%

Laboratory
females

Wild
females

Laboratory
males

0

0

0

Wild males

0

100

100

TOTAL

0

100

100%

TOTAL

LMOftATtMY H A L I I P O m W ·
M I M ON MMNT 0 * » * .
»ILO M A L I * FOR«»)· M i l l «
ON »UNNY OAT·.
» L O MALE· r o m U M P A W ·
ON CLOUDY DAVI.

IOOO

tl OO

It oo

HOUR Or T H [ DAY

Fig. 5 - Distribution throughout the day of pair formation by laboratory
and wild males during ten observation days (N=138), Mediterranean fruit
fly Ceratitis capitata
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Fig. 6  Number of formed matings by laboratory and wild males present
every 15 minutes. Summary of ten days of observation. Mediterranean fruit
fly, Ceratitis capitata
CONCLUSIONS
Under the conditions that this study was carried out, the following
conclusions can be made :
1. The systematic observations of the mating behaviour is a liable
alternative method to compare the sexual activity of wild and sterile
massproduced medflies. In comparison to other existing tests, the
systematic mating behaviour observations allow not only to estimate
different mating indexes, but mainly to evaluate the precopulatory
behaviour, in relation to long and short distance attraction, lekking
behaviour and male territoriality, and most important, female sexual
selection and courtship behaviour. The performance in all these sexual
activities influences decisively the effectiveness of sterile flies in
the field and therefore the final outcome of any eradication programme.
2. The sterile medfly produced in the Metapa massrearing laboratory, and
which is continuously released over large areas in Guatemala, in order
to mate with the wild medfy populations, did not show an inferior
sexual competitiveness. Apparently the sterile fly showed also the
ability to recognize the bottom surface of the host plant leaves, to
produce the sex pheromone and attraction sound (Zapien et al., 1983),
to fan wings in the appropriate frequency of rythm, and to recognize
male sex pheromone, and form leks. These are four out of six items
that were pointed out by Prokopy and Hendrichs (1979), suggesting that
a good quantity sterile male medfly should present.
3. Only under cloudy, low light intensity and temperature conditions
throughout the morning, did the sterile massreared medfly compete
less successfully in relation to the wild fly. Myburgh (1962), stated
already that the minimal light and temperature requirements necessary
for medfly mating was 2 000 lux and temperatures between 1935 C
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respectively. Additionally, however, the Metapa colony, in its 52nd
generation under massrearing conditions, has been held at 26 C,
light intensity of 3 000 lux and continuous illumination, selecting
possibly in this direction. Fortunately for the eradication efforts
throughout all the long rainy season (May to October) in the eradica
tion areas in Mexico and Guatemala, most days have sunny mornings, and
only in the afternoons it is cloudy and rainy.
On the other side the continuous 24 illumination under which the
colony is held has had no effect on the timing of mating behaviour. As
Causse and Feron (1967) demonstrated, a single dark phase following a
period of continuous illumination, regulated the duration of the
following luminous phase.
The relatively early peak of sexual activity (08h00  10h00) in
comparison to 11h00 reported by Prokopy and Hendrichs (1979), was
probably due to the lighter overstory of shade trees above the coffee,
indicating again the importance of light intensity for mating behaviour.
■Iîie secondary mating mode of males searching on the fruit, described
by Prokopy and Hendrichs (1979), was not observed. The one to one sex
ratio of virgin female and male population that was released each day
into the cage, was basically responsible for this. In order to be able
to use this type of systematic mating behaviour as a routine measure
of sexual competitiveness of sterile massreared flies in a quality
control programme, not only the number but also the sex ratio and
physiological stage of the population to be released should be stan
dardized. To create the most natural conditions and to increase sexual
competition between males and female mate choice, (specially consi
dering the extremely long mating time of Ceratitis capitata), to get a
more rigorous indicator of sterile fly quality, the sex ratio of
competing males to virgin and receptive females should be very high.
Most important, this operational sex ratio should be observed and
determined in the field.
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Fig. 7  Unsuccessful mating attempts by wild and laboratory males
(N=130). Summary of ten observation days. Mediterranean fruit fly,
Ceratitis capitata

407

REFERENCES
(1) ALUJA M., J. HENDRICHS and CABRERA. 1983. Behavior and interactions
between A. ludens and A. oblicua on a field-caged mango tree. II.
Activity pattern, male-female interaction and mating behavior. (In
preparation).
(2) BOLLER, E.F. 1977. Sexual activity, p. 75-114, In : E.F. BOLLER and
D.L. CHAMBERS (eds). Quality control. An idea book for fruit fly
workers. International Organization for Biological Control of noxious
animals and plants, WPRS Bulletin 1977/5, 162 pp.
(3) BOLLER, E.F., U. REMUND, B. KATSOYANNOS and W. BERCHTOLD. 1977.
Quality control in the european cherry fruit fly : evaluation of
mating activity in laboratory and field cage tests. Z. ang. Entomol.
83 : 183-201
(4) BURK, T., 1982. Behavior ecology of mating in the Carribean fruit
fly, Anastrepha suspensa (Loew) (Diptera : Tephritidae) Florida Ent.
63 (in print)
(5) BUSH, G.L., R.W. NECK and G.B. VITTO. 1976. Srewworm eradication :
Inadvertent selection for non-competitive ecotypes during mass
rearing. Science 193: 491; 493.
(6) CALKINS, C O . , D.L. CHAMBERS and E.F. BOLLER, 1982. Quality control
of fruit flies in a sterile insect release program. Proc. Symp.
Vienna (SM 255/37) p. 341-55.
(7) CAUSSE, R. and M. FERON. Influence du rythme photopériodique sur
l'activité sexuelle de la mouche méditerranéenne des fruits :
Ceratitis capitata Wied. Epiphyties 18: 175-92.
(8) FRIED, M. 1971. Determination of sterile insect competitiveness. J.
Econ. Entom. 65 : 869-72.
(9) HENDRICHS, J., 1983. Anastrepha suspensa (Loew.). M. Sc. Thesis.
Univ. of Florida. Gainesville. (In prep.).
(10) LIEDO. P., C. GARCIA and A. CISNEROS. Competividad de la mosca del
mediterraneo Ceratitis capitata, producida y esterilizado en el
laboratorio de Metapa, Chiapas, en comparación con la mosca silvestre.
(Unpublished)
(11) MYBURGH. A. 1962. Mating habits of the fruit flies Ceratitis capitata
(Wied.) and Pterandrus rosa (Ksh.). S. Afr. J. Agrie. Sci. 5 : 457-64.
(12) PROKOPY, R.J., 1980. Mating behavior of frugivorous tephritidae in
nature, p. 37-46. In : Proc. Symp. Fruit fly problems. XVI Int.
Congress Ent., Kyoto.
(13) PROKOPY, R.J. and J. HENDRICHS. 1979. Mating behavior of Ceratitis
capitata on a field-caged host tree. Ann. Ent. Soc. Am. 72 : 462-8.
(14) WONG, T.T.Y. and L.M. NAKAHARA. 1978. Sexual development and mating
response of laboratory-reared and native mediterranean fruit flies.
Ann. Ent. Soc. Am. 71 : 592-6.

408

(15) WONG, T.T.Y., R.M. KOBAYASKI, L.C. WHITEHEAD, D.G. HENRY, D.A. ZADIG
and C.L. DENNY. 1983. Mediterranean fruit fly : Mating propensity of
irradiated laboratory-reared and untreated wild flies of California
in laboratory cages. (In prep.)
(16) ZAPIEN, G., J. HENDRICHS, R. MATA and A. PEREZ. 1983. Comparative
mating behavior of wild and mass-reared sterile medfly Ceratitis
capitata on a field-caged host tree. I. Lekking behavior and male
territoriality. (Inrevision).

409

Biological and biochemical parameters of the olive fruit fly
with reference to larval nutritional ecology
A.G.MANOUKAS
Demokritos Nuclear Research Centre, Athens, Greece

Summary
The biological and biochemical parameters of insects reared under
laboratory conditions are important because of their influence upon
the effectiveness of these insects to fulfill their mission. It is
generally accepted that laboratory rearing of insects leads eventually to developing of an insect type that differs from the source
population. Several colonies of the olive fruit fly, Dacus oleae
were established in this Center during the last fifteen years, for
the application of the sterile insect technique and related studies.
Comparative studies have been done on the performance of the colonized and wild insects. Differences were found in biological and biochemical parameters between the two types of insects. Finally the
laboratory sterile insect, when released in the field, failed to suppress the wild population, probably due to rearing conditions of
larvae. Nutritional profiles of the natural (olive fruit) and artificial larval media were determined and certain differences were
established. In addition differences in the environmental conditions
between the two types of media during larval growth were observed.
The possible association of the differences found in the two types
of insects and those found in the two types of larval media are
discussed.

Resume
Les paramètres biologiques et biochimiques des insectes élevés sous conditions de laboratoire sont importants, à cause de l'influence sur la
possibilité de ces insectes d'accomplir leur mission. Il est en général
accepté que l'élevage des insectes en laboratoire conduit au développement éventuel d'un type d'insecte différent de la source de population.
Plsieurs colonies de la mouche de l'olive Daaus oleae ont été établies
dans le Centre "Demokritos" pendant les 15 dernières années, pour l'application de la technique de l'insecte stérile et des études analogues.
Des études comparatives ont été faites dans l'exploitation des insectes
colonisés et sauvages. Des différences ont été trouvées au point de vue
des paramètres biologiques et biochimiques entre les deux types d'insectes. Finalement, l'insecte stérile de laboratoire, quand il a été lâché
dans la nature, n'a pas réussi à supprimer la population sauvage, en
raison probablement des conditions d'élevage de la larve. Des profils
nutritionnels du milieu naturel (olive) et du milieu artificiel ont été
déterminés et certaines différences ont été constatées. De plus, on a
observé des différences entre les conditions d'environnment des deux
types de milieu, pendant le développement larvaire. La possible association des différences trouvées dans les deux types d'insectes et dans les
deux types de milieu nutritif a été discutée.
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1.

INTRODUCTION

This paper reports certain biological and biochemical parameters of
the olive fruit fly, Dacus oleae grown under natural and artificials
conditions. Emphasis is given in the differences found in the nutritional ecology of the naturally and artificially grown larvae and its probable effects upon the biological and biochemical parameters reported.
In our Laboratory at the N.R.C. "Demokritos" the purpose has been to
control the olive fruit fly by a system of which its main component was
the sterile insect technique. The first founder population for this
purpose was introduced from Attiki in 1967. This stock has been kept in
this laboratory for comparative studies with the wild population
and with other stocks periodically introduced for mass
rearing. The precedures of maintenance of the mass reared stocks are
described elsewhere (1). Materials and methods used for the study of
biological and biochemical parameters are described in references given in
the text. Standard procedures were used to evaluate the nutritional
composition of the natural and artificial larval food and to determine
the chemicals reported.
2.

ECOLOGICAL DIFFERENCES OF LARVAL FOOD WITH EMPHASIS ON THE NUTRITIONAL
FACTORS.

Almost nothing is known on the non-nutritional environmental properties which exist in the artificial media and in the olive fruit for
normal metabolic activities of the olive fruit fly larvae. The larva in
the olive fruit creates a tunnel, moves forward and leaves its excretions in the tunnel. The larva feeds from the smashed tissues of the
mesocarp and it may rely
on symbiotic bacteria to utilize or compensate
for some nutritional elements. On the contrary the artificial media give
a different set of ecological conditions for the larva due to different
structural properties created by the cellulose (about 50% of the dry
matter, compared to about 5% for the olive fruit mesocarp) and the other
ingredients used. Group feeding of larvae in the artificial media may
lead to a different feeding behavior compared to that in the olive fruit
where normally only a single larva feeds. Further more the addition of
preservatives in the artificial media affects hatchability and neonate
larval survival (2). These environmental properties of media and probably
others excersize a strong selection with main result fewer individuals
with smaller body weight being respresenting in the mass rearing colony.
Some information is available on the nutritional and chemical composition of the olive fruit and the artificial media. Table I presents
the proximate analysis of the larval food and the most important nutritional components which differ between the olive fruit and the artificial
diet. It is obvious that the artificial diet contains three times more
protein than the natural food and fifty times more non-protein nitrogen.
Extensive analyses of the amino acids and minerals of the larval food
showed great differences between the olive fruit and the artificial
diet (3, t ) . The most important differences for amino acids are those for
arginine, histidine, lysine and threonine (Table I ) . Apart from the
fact that these amino acids are in much lower concentrations in the olive
fruit compared to artificial diet, the balance of these amino acids is
'quite different for the two types of food. Thus, while the ratio of
arginine to histidine in the olive fruit is about 7 that of the artificial
diet is about 2. Quite different also is the ratio arginine to lysine
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TABLE I. Proximate analysis and certain nutritional components found in
the natural and artificial diet of the olive fruit fly larvae (g/100 g
fresh weight).

Component

Water
Lipids
Ash
Nitrogen, total
Nitrogen, free
Carbohydrates
Cellulose

Olive

Artificial

fruit

diet

72.5
16.8
1.2
0.32
0.003
9.2

Arginine
Histidine
Lysine
Threonine

0.2
0.03
0.11
0.03

Na(mg/100 g)
Cu(mg/100 g)

3.2
0.01

60.1
2.3
0.9
0.9
0.15
35.1
30.2
0.3
0.16
0.51
0.25

82. Ί
0.2

and arginine to threonine. The balance of amino acids has profound ef
fects upon the metabolism of any organism. Great differences also exist
in the mineral content of the two foods of which the most important are
those for sodium and copper. It is reasonable to assume that the pro
perties of the artificial diet affect seriously the behavior and other
biological and/or biochemical characteristics of the olive fruit fly. This
is more so if we consider the fact that in nature, the larval stage of
this insect feeds exclussively in the olive fruit mesocarp. It is sug
gested that a quality control of the diets is performed before a quality
test of the insects is made.
3.

BIOLOGICAL PARAMETERS

The size of an insect and the time required to complete its develop
mental stages are among the most important biological characteristics.
Table II presents the weight of the olive fruit fly at different stages
of development. It is clear from the data of this Table that larval
weight and consequently pupal and adult weight is larger for the insects
grown in the olive fruit compared to those grown in the artificial diet.
These differences indicate differences in the quantity and quality of body
reserves between the two types of insects with serious consequences on
their performance. The time required by the larvae to complete its pupat
ion and by the newly emerged adult to die' is presented in Table III.
There is a day difference in the larval development between the olive
fruit and the artificial diet. The most striking difference in this
Table, however, is that the fly which grew as larva in the olive fruit
lived twice as long as the fly which grew in the artificial diet, with
out food and water. This fact together with the difference in insect size
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Table
fruit

II. Body weight of the olive fruit fly larvae grown
and in artificial diet (mg/individual).

Stage of

Age

development

(days)

Larval

Pupal
Adult

Olive

Artificial

fruit

diet

0.3
1.5
5.0
7.8
6.8
5.2

0.3
1.3
H.5
7.3
5.7
4.H

in olive

Table III. Time required by the olive fruit fly to complete certain
developmental stages (days).

Developmental
period

Olive
fruit

Newly laid eggs to hatch
Neonate larva to pupa
Newly pupated larva to adult
Newly emerged adult to death
without food and water

2.6
10
10
4. H

Artificial
diet
2.8
9
10
2.5

reported in the previous Table is of great importance because it indi-'
cates that the insect grown in the artificial diet finds itself at an
inferior position, compared to that grown in the olive, when released in
the field and searches for the appropriate quantity and quality of food.
The difference in the time of survival between the two types of insects
is probably due to the fact that larvae grown in olives have more fat
and protein than those grown in the artificial diet, or in some other biochemical parameters mentioned in this presentation. It seems also that
this difference is not merely a matter of pupal weight, because when
pupae from olives and artificial diet of the same weight were kept with or
without food the differences in the time required for them to die were
again very significant. It was observed that artificially reared flies
loose weight faster than the wild ones. The average life span of
adult flies in one, test was 53 and 36 days when grown in the olive fruit
and the artificial diet, respectively. It is suggested that the days required by an adult to die be taken as a routine quality test for mass
reared insects. Also, the biochemical basis and the role of microflora
for the differences reported should be investigated.
BIOCHEMICAL

PARAHETERS

It is generally accepted that the difference in response between
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naturally and laboratory reared flies is mainly:attributed to selection
which results in quantitative changes of certain biochemicals. Analysis
for certain biochemicals were made in the wild and laboratory insects which
showed a number of differences. The most important chemicals which
differed between the two insects are presented in Table IV. With the
exeption of peptides all other biochemicals are higher in the insects
grown in the olive fruit compared to those grown in the artificial diet.
Further more some of the lipid components and some of the amino acids,
differ in many respects. Individual free and peptide bound amino acids
were found different between the two types of insects in quantity and in
ratio to each other (5). These differences are of particular importance
since the artificial diet is very rich in free amino acids (Table I)
which may present a stress, for the artificially reared insect. Several
Table IV. Certain biochemicals determined in fully grown latvae and un
fed adults of the olive fruit fly grown in olive fruit and in artificial
diet (per 100 g fresh weight).

Biochemical

Lipids, g
Protein, total, g
Amino acids, free, pmol
Peptide acids, μιηοΐ

Olive fruit

Artif.

diet

Larvae

Adults

Larvae

Adults

10.3
15.0
0.35
0.16

7.2
23.8
0.54
0.26

8.4
10.6
0.25
0.31

6.7
21.4
0.31
0.24

other investigators found differences in certain biochemicals between the
wild and our laboratory insects. A number of enzyme proteins were deter
mined in wild and artificially reared flies (6) and the alcohol dehydro
genase under artificial rearing (7).
In conclusion, evidence exists that the biological and biochemical
differences found between laboratory and wild insects may be mainly a
consequence of larval food.
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Changes of a wild eco type of the olive fruit fly during adaptation
to lab rearing
JOHN A.TSITSIPIS
Demokritos Nuclear Research Centre, Athens, Greece

Summary
During the establishment of a lab colony of an insect species from
wild insects brought in from the fields certain difficulties are
experienced within the first few generations. In the olive fruit
fly, Daaus oteae
(Gmel.), a colony initiated from adults emerged
from field collected infested olive fruit, took about 3U generations
to adapt. In the first two generations, during the first four weeks
of their life, less than 50% of the females oviposited in the ovipo
sition substrates, while in the third and fourth generations more than
80$ oviposited (cf. 100$ in the lab strain kept in the lab for more
than 10 generations). Mean preoviposition period was longer than
25 days in the first generation, but it declined to 6.08.0 days in
the consecutive generations (cf. 5.2 days in the lab strain). Egg
production in the first generation was about 50/δ lower than in the
lab strain), but no statistical differences were observed in the
following generations. Larval development was longer and growth
lower in the first two generations than in the lab strain. In the
following generations, the respective values approached those of the
lab strain. The changes taking place during the adaptation period of
the first 3~h generations, as a result of intense selection pressure
from factors of the environment, seem to be associated with a change
in the quality of the lab reared fly.

Résumé
Pendant l'établissement au laboratoire d'une colonie d'insectes d'origi
ne "sauvage" provenant des champs, on a étudié les quelques difficultés
que rencontrent ces insectes pendant les premières générations. Pour la
mouche des olives, Daaus oleae
(Gmel.), une colonie provenant d'adultes
issus d'insectes récoltés sur des oliviers infestés, ne s'adapta qu'au
bout de 3 ou 4 générations. Chez les deux premières générations, pendant
les quatre premières semaines, moins de 50% des femelles arrivèrent à
pondre leurs oeufs dans les substrats d'oviposition, tandis que chez les
troisième et quatrième générations, plus de 80% purent y pondre ( par
rapport au 100% de la souche maintenue au laboratoire pendant plus de
10 générations). La période de préoviposition dépassa en moyenne les 25
jours pendant la première génération, et fut réduite ensuite à 6,07,5
jours (par rapport à 5,2 jours chez la souche de laboratoire). La pro
duction d'oeufs pendant la première génération fut de 50% inférieure à
celle de la souche de laboratoire; chez les générations suivantes, il
n'y a pas de différences statistiquement significatives. Le développe
ment larvaire fut plus long et la croissance plus faible chez la premiè
re génération (toujours par rapport à la souche de laboratoire); les va
leurs respectives obtenues au cours des générations suivantes sont au
niveau de celles de la souche de laboratoire. Les changements survenus
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pendant la période d'adaptation (pendant les 3 ou 4 générations) seraient
la conséquence d'une pression de sélection intense due aux facteurs
d'environnement et le changement de la qualité des mouches élevées au
laboratoire.
1.

INTRODUCTION

Establishment of an insect colony in the laboratory is very useful,
since its existence can provide precious insect material for experimental
studies, such as physiology, ecology, genetics, etc, or for control purpo
ses (e.g. sterile insect technique, parasites). Laboratory conditions,
however, are different from field conditions. Temperature, relative humi
dity, light quality and duration, food sources show considerable variation
in nature, while in the laboratory they are more or less stable, providing,
therefore, stimulation for selection. In laboratory rearing the colony ge
ne pool is smaller and gene flow is more limited than in field populations.
(11,12). Thus, it is not unexpected that certain difficulties are to be
experienced during adaptation of a wild ecotype to lab rearing conditions
in terms of insect production efficiency. Secondly, during colonization,
changes taking place create an ecotype that usually differs from the wild
population it derived, that is the quality of the insects is affected dur
ing lab rearing. The problem of insect quality has been discussed extens
ively (1,2,U,5).
In the olive fruit fly, Dacus oleae
(Gmelin) (Diptera, Tephritidae),
there have been found considerable differences between wild and lab reared
insects. It has been known that during the initiation of a lab colony from
field collected olive fruit fly infested olives, great difficulty is exper
ienced during the initial stages of colonization. During colonization, cer
tain differences in physiological, behavioral or genetical parameters have
been reported such as in the: insect lipid content (18), sexual competiti
veness (6,7), mating timing (19) color discrimination (13,1*0 flight per
formance (15), pheromone production (10), genetic differences (3,16).
The present study aims at quantifying the differences occurring in the
adults and larvae of the olive fruit fly in the first few generations dur
ing adaptation of the insect to lab conditions.
2.

MATERIALS AND METHODS

The insects used in the present study derived from the island of Aghia
Trias near Eretria, Evia. Olive fruit fly infested olive fruit was collect
ed from trees in the field and brought in the lab. The adults that emerged
from the fruit (generation P) were used to start the lab colony. The rear
ing method used was the one described by Tsitsipis (1Ţ). Adult as well as
larval performance was examined during the first few generations until
adaptation of the wild ecotype to lab rearing conditions was achieved, and
they were compared to a lab strain, which originated from the same locat
ion, and had been reared in the lab for more than 12 generations. Adult
performance in each generation was studied in pairs in small cages (9) and
each experiment lasted five weeks. The parameters recorded were: number of
ovipositing females, preoviposition period, survival, egg production.
Paraffin domes were used as oviposition substrates (8,9). Larval perform
ance, in each generation tested, was examined in four experiments run con
currently with controls, because of the observed increased variation. In
each experiment there were set five plastic cups with ten grams of diet Τ
(17) per cup. Each cup was seeded with 100 eggs incubated for 2028 hrs
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in propionic acid 0.3$. The parameters recorded were: egg hatchability,
larval developmental period, pupal recovery, pupal weight, adult emergence.
To record the larval developmental period, formed pupae were collected dai
ly toward the end of ' the photophase to ensure ' termination of pu,
pation in each day. It is known that larval exodus from the diet for pupa
tion, is a circadian rhythm with peak pupation at around the onset of the
photophase and termination in around the middle of it (Tsitsipis and Loher,
unpublished data).
All experiments were done at 25°C, 6θ±λΟ% RH and 12 hrs light daily
(Light Period 7:0019:00).
3.

RESULTS

The performance of adult fruit flies during the first four generations
in the lab compared with insects kept longer than 12 generations under si
milar conditions is shown in Table I.
Table I. Mean egg production, preoviposition period in days and number
of ovipositing female olive fruit flies in oviposition domes, on glass
side of the cage or in both, during four consecutive generations reared on
artificial diet. Generation Ρ derived from field infested olive fruit. In
sects kept in pairs. Experiments lasted five weeks.
Genera
ion

No. Fe
males

Ρ
F1
F2
F3
*
Control

80
1*0
60
60
1*0

Females ovipositing in/on
domes
glass
both
U1
20
52
5k
1*0

32
8
1
0
1

6
1
1
0
0

**
.
**
Number .. Preoviposition'
of eggs period(x±s.d. )
3U1±289
597±381
711±339
1*75±291
6l9±3U8

26.7±10.0
6.5± 2.9
8.1± k.k
6.1+ U.6
5.2± 1.1

* More than 12 generations on artificial diet
** Eggs deposited in domes per female
In the first two generations about half of the insects oviposited in paraf
fin domes while many females oviposited on the glass side of the cages.
In the F 2 and F3 generations more than 00% of the females oviposited in the
domes. In Fo, five of the six females that did not oviposit died within
the first week week of their life. Practically, adaptation to oviposi
tion in the domes was completed until this generation. The preoviposition
period in generation Ρ (parental) was about five times longer than in the
adapted strain (control). In the following generations, however, preovipo
sition period became shorter approaching considerably that of the control,
and it was not much different among F| to F3 generations. The larger
standard deviations than in the control indicate that few individuals con
tinue showing long preoviposition periods. In Table II, the cumul ative
percentages of the ovipositing in domes females during the first five weeks
of their age clearly indicate that marked adaptation occurs within generat
ion P, and by generation F3 a large percentage of females have been selected
to oviposit within their first week. Egg production in generation Ρ was
about 50$ lower than that of the control, while in the following generation
it increased and it was not different from the latter. Female survival va
lues, at the end of the fifth week of their age, in generation Ρ and the
control were 86 and 1*0? respectively (92.5 and 65% in males).
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Table II. Comulative percentage of female olive fruit flies, kept in
pairs, ovipositing in domes over a period of several weeks. Parent gene
ration (P) derived from field infested olive fruit.
Genera
tion

Ρ
F
1
F

2
3 *
Control
F

No. fe
males

1*1
20
52
5U
1*0

1st

w

2.5
1*0.0
65.Ο
86.Τ
100.0

e
2nd
15.O
1*7.5
8O.O
86.7
100.0

e k
3rd

27.5
1*7.5
85.O
88.3
100.0

s
l*th

5th

36.3
50.0
85.O
88.3
100.0

51.3
50.0
86.7
88.3
100.0

* More than 12 generations on artificial diet
The performance of larvae during adaptation in the larval diet T is
shown in Table III. In the 1st and 2nd generation, egg hatchability,
pupal recovery and pupal weight were lower, and larval developmental pe
riod was longer than in the control strain. Adult emergence was not sta
tistically different from the control in the 1st generation, but it was in
the 2nd. In the following generations there were no statistical differ
ences observed when compared with the controls except in the egg hatch
ability and larval development in the 6th generation. In the 1st genera
tion larval performance was very poor. Larval development was by more
than 20J5 longer, and pupal recovery (survival) by more than 1*0$ lower
than in the control. These differences became smaller in the consecutive
generations. An index of diet efficiency is biomass (mean number of pu
pae X mean pupal weight) shown in the last column of Table III. Already
from the 3rd generation on no differences from the controls were record
ed, indicating adaptation of the wild strain to the larval diet.
1*.

DISCUSSION

When a wild ecotype of the olive fruit fly was introduced into the
laboratory for colonization, adaptation in both adults and larvae occur
red within three to four generations. This period is considerably shorter
than the one predicted by a typical adaptation curve for insect coloniza
tion ( 1 ).
In the 1st generation adults, exposed for the first time to artificial
oviposition substrates, many of them got used to lay their eggs in the
oviposition substrates within their life span (adaptation). Through the
following generations, however, accentuated by the rearing practice, in
sects are being selected for short preoviposition period and oviposition
in artificial substrates.
The present data quantitate the performance of the olive fruit fly
during colonization. The percentages of females ovipositing in paraffin
domes and the long preoviposition period provide useful information for
the determination of the optimum size of the wild stock of the olive fruit
fly which is appropriate for the initiation of a colony. Their consider
ation will assure large gene pool (11,12). Complementary data on larval
performance are useful in programming for timely production level in the
mass rearing of the insect.
The changes taking place during adaptation of the olive fly during
colonization suggest that selection pressures exercised on the insect
could additionally affect other biological attributes as well. There
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Table III.
Performance of olive fruit fly larvae, originated from field collected infested olives, reared
on artificial diet Τ for various no. of generations as compared with larvae reared on same diet for more than
12 generations (Means of k experiments/generation, 5 replicates of 100 eggs each/experiment, means ± standard
error).

%

Days to 50/5
pupation

**
1st gener.
Control**

58.9± 5.9,
82.8+10.3

16Λ+1.2,
13.0+0.3

17.8+ 1.5«
1+3.1± U.2

3.7±0.3„
h.5+0.1

78.7±6.5
76.8±5.2

65.8± 9.3*
191.7±17.9

2nd gener.
Control

72.2± 3.3
85.U± 5.1*

12.7±0.2
11.8+0.U*

U3.2± 3.2
59.9± U.9

H.5+0.2,

U.8+0.3

80.7±!*.5
85.5±2.8*

193.1116.5,
288.2111.1

3rd gener.
Control

80.7± 2.6
71.71 8.9

10.2+0.3
10.1*10.7

60.0+ 6.5

h.8+0.1

88.9±H.3

5H.7±

8.1

5.1+0.2

91A±3.3

289.9137.8
277.0137.9

¡tth gener.
Control

5Ί.7±18.8
77.7120.U

10.U+0.9
10.3±0.8

in.0+17.7
66.2+19.6

5.3±0.2
U.9±0.U

93.7±2.5
93.0±0.9

211.0+83.8
317.6±79.5

6th gener.
Control

68.7H3.0,
79.8±12.2

10.5±0.2*
10.9±0.2

51.9±10.9
57.U±13.0

H.U+0.H
1*. 1 ±0.3

88.1++2.6
87.8+3.9

229.8+60.3
238.2+65.5

Egg hatch

O

*

No. of
pupae

Pupal
weight(mg)

Adult emer
gence

Differences statistically significant (P 0.05) by Student's t test

** 6O9O eggs/replicate. Equal numbers of eggs in treatment and control experiments

Pupal biomass
(No. χ weight)

have been observed many differences between wild and lab strains of the
olive fruit fly as it is stated in the introduction.Consideration of the
present data could assist in attempting improvement of the quality of the
lab reared fly by altering aspects of the rearing practice e.g. by not
discarding aging insects, . by using fluctuating temperatures, by testing
the effect of the various larval diet nutrients.
5.
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Optimization of a holigidic diet for the larvae of the olive fruit fly
JOHN A.TSITSIPIS
Demokritos Nuclear Research Centre, Athens, Greece

Summary
The previously developed diet Τ was further improved by optimizing the
amounts of its ingredients, soy hydrolyzate enzymatic, brewer's yeast,
sucrose, olive oil and Tween80. The constituents were tested in the
stated sequence, and the optimal concentration of each was used as a
basis for the evaluation of the rest of them. The biological para
meters measured, were: pupal recovery, pupal weight, larval develop
ment, egg hatchability and adult emergence. The optimal concentration
of each of the ingredients tested, was (in g or ml/55 ml diet water):
soy hydrolyzate 4g, brewer's yeast 10g, sucrose 2g, olive oil 3ml and
Tween80 0.5ml. Diets deficient in one of the constituents, soy
hydrolyzate, sucrose, olive oil and Tween80 allowed completion of
larval development. In the one deficient in brewer's yeast, however,
development was not completed.
Resume
La constitution de la nourriture Τ que nous avions mise au point a été
améliorée à la suite des modifications des quantités de ses constituants,
soit, l'hydrolysat enzymatique de soja, la levure de bière, le sucre,
l'huile d'olive et le Tween 80. Les constituants furent essayés dans
l'ordre cité cidessus et l'évaluation des autres constituants fut basée
sur la concentration optimale de chacun d'eux. Les paramètres biologi
ques mesurés étaient les suivants : le taux de pupaison, le poids des
pupes, le développement larvaire, l'éclosion des oeufs et la sortie des
adultes.
La concentration optimale (en g ou ml/55ml d'eau) de chaque constituant
fut déterminée pour l'hydrolysat de soja, la levure de bière, le sucre,
l'huile d'olive et le Tween 80, respectivement 4g, 10g, 2g, 3ml et 0,5ml.
Les milieux nutritifs déficients en l'un des constituants tels que l'hy
drolysat de soja, le sucre, l'huile d'olive et le Tween 80 permettent
l'achèvement du développement larvaire. En revanche, le déficit en levu
re de bière entraîna l'arrêt du développement larvaire.

1.

INTRODUCTION

There have been developed many diets for the larvae of the olive fruit
fly, Daaue oleae
(Gmelin), most of which have been reviewed by Orphanidis
et al. (3) and Tzanakakis (10). The efficiency of the various diets was
low giving yields not exceeding one pupa per gram of diet. Tsitsipis (6)
developed a larval diet (T) about five times as efficient as the previous
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published diets. On diet Τ many millions of insects have been reared (7).
The supremacy of diet Τ has been attributed to its improved physical cha
racteristics (granular versus the previous pastelike consistency)(7, 8 ) .
Nutritionally, it did not differ considerably from diet Ν (12), on which
its development was based.
The effect of various diet constituents on olive fruit fly performance
has been discussed by Tzanakakis (10), who concludes that the nutritional
role of the various constituents, often, is not easy to be determined.
Different authors have found different results (1, 11). It seems that an
important reason for this divergence of results was the poor physical
properties of the diets previously used that did not allow small nutritio
nal differences to show up.
The purpose of the present study was to investigate the performance
of the olive fruit fly reared on larval diets, based on diet T, differing
in the level of each of the diet constituents: soy hydrolyzate, brewer's
yeast, sucrose, olive oil and Tween80, and to optimize in this way its
composition.

2.

MATERIALS AND METHODS

The insects for the tests originated from the area of Sembronas,
Crete, and had been reared on artificial diet Τ in the lab for about 15
generations according to the method described by Tsitsipis (7). In a set
of experiments, the following diet constituents were tested in the levels
(grams or ml/55 ml water) stated below. Soy hydrolyzate enzymatic: 0, 1,
2, 3, 4, 5g, brewer's yeast: 0, 2.5, 5, 7.5, 10, 12.5, 15g, sucrose: 0, 1,
2, 4, 6, 8, 10g, olive oil: 0, 0.5, 1, 2, 4, 6ml and Tween80: 0, 0.5, 1,
1.5, 2ml. Diet Τ which was used as a basis to evaluate the various levels
of the above ingredients had the following constitution (7): Tap water
55ml, cellulose powder (Celit grade FF301a, Swedish Cellulose Powder and
Woodflour Mills Ltd, Gothenburg, Sweden) 30g, brewer's yeast (Schwechat,
Vienna, Austria), soy hydrolyzate enzymatic (ICN Life Sciences Group,
26201 Miles Rd., Cleveland, Ohio 44128, U.S.A.) 3.0g, sucrose 2.0g, olive
oil 2.0ml, Tween80 (ICN) 0.75ml, potassium sorbate (Merck, Federal
Republic of Germany) 0.05g, nipagin (Merck) 0.2g, HC1(2N) 3.0ml. The diet
preparation was made as described elsewhere (7). The experimental procedu
re was as follows: Diet Τ was the basal diet to test the effect of
various levels of soy hydrolyzate enzymatic on the olive fruit fly. The
diet on which the fly showed the best performance was the basis to test
the various levels of brewer's yeast. The same procedure was repeated to
test sucrose, olive oil and Tween80 in the stated sequence. Every experi
mental diet was run in six replicates of 30g diet each, placed in small
plastic cups. In each cup 300 eggs 40 to 48 hrs old were placed on the
diet on a small moist piece of tissue paper. The biological parameters
recorded were: egg hatchability, pupal yield, pupal weight, larval deve
lopmental period and percent adult emergence. The data were submitted to
analysis of variance, and the mean separation was done with the Duncan's
multiple range test.

3.

RESULTS

The effect of various concentrations of soy hydrolyzate enzymatic,
brewer's yeast, sucrose, olive oil and Tween80 on the larvae of the olive
fruit fly is shown in Table I.
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Table I. Effect of various larval diet components on various biological
parameters in the olive fruit fly (30g diet with 300 eggs/rep., 6 reps.,
dietary levels in g or ml/55ml diet water).
Egg hatch

***

Level

(%)

Pupae/30g

Mean Pupal

diet

weight (me)
Soy

0
1
2
3

n*
5

84.6a
85.0a
83.4a
84.5a
85.2a
83.3a

122.5a**
173.2b
205.0b
199.7b
198.7b
185.2b

83.6a
81.0a
82.3a
81.4a
84.6a
82.2a
82.1a

0 a
163.5b
196.8c
197.3c
204.0c
192.3c
159.8b

10.0*
12.5
15.0

pupation

Adult

em-

ergence

(%)

hydrolyzate
3.7a
3.9a
4.1a
4.8b
5.3c
5.5c

15.8a
13.0b
12.0c
11.3d
11. Od
11.3d

48.8a
89.7b
95.6b
98.1b
97.5b
97.5b

-

-

-

4.9a
5.4ab
5.6bc
5.7cd
5.9de
6.0e

14.0a
12.0b
11.7c
12.0b
12.0b
12.0b

92.7a
96.8a
97.2a
96.5a
96.3a
96.2a

13.0a
13.0a
12.3b
13.0a
13.0a
13.0a
14.3c

92.6a
95.1a
97.0a
97.7a
98.4a
97.6a
97.1a

11.0a
11.0a
11.0a
10.5b
10.0c
10.0c
10.0c

97.4a
98.0a
96.0a
97.8a
97.1a
98.3a
96.8a

13.1a
11.0b
11.0b
11.0b
11.0b

96.5a
95.8a
96.7a
98.7a
97.4a

Brewer's

0
2.5
5.0
7.5

Days to 50%

yeast

Sucrose

0
1
2*
4
6
8
10

77.8a
75.1a
78.7a
78.1a
80.5a
80.7a
79.3a

146.7ad
141. Od
174.0c
160.8ac
170.5c
152.0abd
100.Oe

74.3a
75.2a
75.9a
74.5a
77.2a
75.0a
76.3a

124.7a
153.5b
154.8bc
154.Obc
158.8bc
169.3bc
170.5c

5.6c
6.1b
6.1b
6.2b
6.1b
6.2b
6.7a
Olive

0
0.5
1
2
3*
4
6

oil

5.9a
5.7b
5.5c
5.7b
5.6bc
5.6bc
5.6bc
Tween-80

0
0.5
1.0
1.5
2.0

87.8a
86.4a
86.9a
87.0a
87.7a

72.3a
220.3b
217.5b
225.7b
226.2b

5.8a
5.4b
5.3b
5.2bc
4.9c

* These diets were the basal ones for testing the next diet constituent
** Numbers followed by same letter do not differ statistically (p) 0.05)
by Duncan's multiple range text.
*** Soy hydrolyzate, brewer's yeast, sucrose in g, olive oil, Tween-80
in ml.
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Egg hatchability did not differ statistically among the concentration
series diets of each diet ingredient. The same happened with adult
emergence except in the soy hydrolyzate concentration series diets in
which the soy hydrolyzate deficient diet gave lower adult emergence value
than the diets containing soy hydrolyzate.
In the soy hydrolyzate concentration series diets, the diet deficient
in soy hydrolyzate gave the lowest pupal yield.No differences were found
among the rest of the diets. Pupal weight increased with increasing soy
hydrolyzate concentration. Statistical differences were observed between
groups of diets containing 0 to 2, 3, and 4 to 5g/55ml diet water. Larval
developmental period became shorter with increasing soy hydrolyzate con
centration from 0 to 3g, and then it did not change. As optimal soy hy
drolyzate concentration was considered the level of 4g, because of the
pupal weight obtained exceeding 5mg, since it is known that insects deriv
ing from pupae' lighter than 4.5mg are less fecund than heavier insects
(9, 5 ) . The optimum soy hydrolyzate level was used in the diet Τ to test
the effect of brewer's yeast.
In the brewer's yeast concentration series, the diet deficient in
brewer's yeast did not allow completion of larval development. Pupal
recovery in the diets with the lowest and highest concentrations tested
was lower than in the diets with intermediate values. Pupal weight in
creased with increasing brewer's yeast concentration, but statistical dif
ferences appeared in diets which differed between them in brewer's yeast
content equal to 5g. Larval developmental period was longest in the diet
with the lowest yeast concentration. It just exceeds the limit of level
of significance in the diet with 7.5g brewer's yeast, and it does not seem
to be of any biological significance, since development was measured in
integer days. As optimal concentration was considered the level of 10g
brewer's yeast.
In the sucrose concentration series diets, the best results were
obtained in the range 2 to 6g. In diets outside this range pupal recovery
was small. The highest sucrose concentration gave the lowest pupal yield.
Pupal weights did not differ among the diets with intermediate sucrose
levels. The shortest larval developmental period was observed in the 2g
and the longest in the 10g sucrose diet. All other diets gave similar
larval development values. Therefore, as optimal diet was considered the
one with 2g sucrose.
In the diets with different olive oil concentrations, the lowest pupal
recovery was noticed in the oil deficient diet. All oil containing diets
gave almost equal pupal yields except the highest oil concentration that
was statistically superior to the others. Pupal weight was highest in the
oil deficient diet, and lowest in the diet with 1ml oil. In the rest of
the diets weight did not differ significantly. Larval developmental period
became shorter with increasing oil concentration. The 3ml oil diet was
considered the optimal one because of high pupal recovery and short deve
lopmental period.
In regard to the Tween80 concentration series diets, the Tween80
deficient diet gave the lowest pupal recovery, pupal weight and longest
larval developmental period. All diets containing Tween80 gave higher
than the Tween80 deficient diet pupal yields, pupal weights and shorter
larval development values that were not statistically different among each
other. An exception was the diet with 2ml Tween80 in which pupal weight
was statistically inferior to the diets containing Tween80 less than 1ml.
As optimum Tween80 concentration was considered the level of 0.5ml.

426

4.

DISCUSSION

The series of experiments on the effect of various nutrient components
on the olive fruit fly larvae led to the optimization of the concentration
of these components of the diet with criteria that ensure high diet efficiency.
High levels of soy hydrolyzate are necessary for satisfactory larval
growth and development. Brewer's yeast is indispensable for larval development. High concentrations improved diet efficiency in regard to the
parameters considered in the present study, but very high levels (15g/55ml
water) reduced efficiency probably due to the compact physical consistency
of the diet (8).
Our results agree with those of Hagen et al. (1) and
Manoukas (2). The former investigators found that the olive fruit fly
larvae could complete their development on diete with increased levels of
brewer's yeast and without soy hydrolyzate. Increased levels of soy
hydrolyzate improved larval development. The latter investigator found
similar results. Pupal weights, however, of insects from diet with
brewer's yeast and without soy hydrolyzate was lower than those from diets
containing soy hydrolyzate. Increasing quantities of brewer's yeast in
diels without soy hydrolyzate improved pupal weight but decreased pupal
yield. This was probably due to the poor physical properties of the diet.
Sucrose, used as energy source, improved pupal yield and weight. High
sucrose concentrations, however, reduced pupal yields. This could be attributed to the compactness of the diet, which does not improve diet utilization (8), as well as to the disturbance of the C/N ratio of the diet.
Lack of olive oil from the larval diet did not inhibit development. Levels
higher than 2ml/55ml water, however, improved it significantly. Hagen et
al. (1) did not notice any difference in the larval developmental period
and pupal weight in diets with different levels of olive oil, but they
obtained reduced adult emergence values. A larval diet by Santas (4) did
not contain olive oil. It was possible that nutritional requirements of
elements present in the olive oil are covered from other dietary sources
(e.g. rice bran, dried carrot powder). The difference of these results
from the present data could be due to the different constitution of the
diets used as well as to the high pupal yields recorded here, which presumably facilitate differences to show up. Tween-80 can be considered as a
nutrient of indirect action. It emulsifies lipids and facilitates food
uptake. Increased levels of Tween-80 were found to affect growth adversely. Its action could be direct (1) or through the higher amounts of oil
that emulsifies. The present experiments cannot test the utilization of
olive oil without previous emulsification, since, even in diets without
Tween-80, emulsifying agents exist in other diet constituents (e.g.
brewer's yeast). Differences in egg hatchability between experiments
with diets of different ingredients is rather due to the use of batches of
eggs from different dates of collection. Such differences occur often in
the lab and could be due to the exposure in low humidity atmospheres.
5.
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Sexual and reproductive maturation in wild and lab cultured
olive fruitfliesDacus oleae (Gmelin) (Diptera: Tephritidae)
G.A.ZERVAS
Demokritos Nuclear Research Centre, Athens, Greece

Summary
Laboratory cultured olive flies become sexually mature (when mating
is the creterion for sexual maturation) from the 3d to the 5th day
after adult emergence« Radiation of Labflies with 11 Kr of γrays,
in N 2 atmosphere, 13 days before adult emergence, delays sexual ma
turation by 12 days. No differences were found between three Lab
strains of flies, which had been artificially reared for 120, 60 and
10 generations respectively. Wild flies collected from infested
fruit become sexually mature much later than Labflies. They mature
from the tth to 15th day after adult emergence. In all categories of
flies tested, males mature 12 days earlier than females. A high ma
turation rate of the Lab flies, i.e. sex maturation within the first
five days after adult emergence, is obtained when the wild flies have
been artificially reared for 35 generations. Insects fed only sucro
se matured at the same time as insects fed the complete adult diet.
Studies on ovarian development have shown that in Labfemales eggs ma
ture from the 4th to the 6th day after adult emergence. While the
wild females developed eggs from the 6th to the 17th day. The first
mating occurs mostly in the late stage of the vitelogenesis. Mature
eggs in the ovaries are observed 1 to 2 days after mating. Oviposi
tion starts immediately after egg maturation. Virgin females start
oviposition at the same time as mated females. Differences have been
found only in the number on the laid eggs.

Résumé
Les mouches de l'olivier cultivées en laboratoire ont une maturation
sexuelle (quand l'accouplement est l'indice pour la maturation sexuelle)
du 3ème au 5ème jour après la sortie des adultes. L'irradiation des
mouches cultivées en laboratoire, avec 11 Kr de rayonsγ en atmosphère
azotée (13 jours avant la sortie des adultes) retarde la maturation
sexuelle de 1 à 2 jours. On n'a pas signalé de différences sur le rythme
de maturation sexuelle entre les 3 populations (élevées en laboratoire
de façon artificielle) pour 120, 60 et 10 générations de chaque popula
tion. Les mouches sauvages qui ont été récoltées sur des olives infes
tées ont une maturation sexuelle plus tardive que les mouches d'élevage.
La maturation commence du 4ème au I5ème jour à partir de la sortie des
adultes. Dans toutes les catégories de populations testées les mâles
ont leur maturation 1 à 2 jours avant les femelles. La grande vitesse
de la maturation sexuelle observée pour les mouches du laboratoire
(c'estàdire celles qui ont un temps de maturation égal à 5 jours après
1'eclosión des adultes) a été obtenue lorsque les mouches sauvages ont
été cultivées au laboratoire de façon artificielle pendant 3 à 5 géné
rations. Les insectes élevés seulement sur du sucre, ont le même temps
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de maturation que les insectes alimentés avec un régime complet d'adul
tes. Les études sur le développement des ovaires ont montré que les mou
ches d'élevage forment des oeufs du 4ème jusqu'au 6ème jour après la
sortie des adultes, tandis que les sauvages forment leurs oeufs du 6ème
jusqu'au 17ème jour. Le premier accouplement des insectes a lieu pendant
la dernière étape de vitellogenèse. Les oeufs dans les ovaires se for
ment 1 à 2 jours après l'accouplement. L'oviposition a lieu juste après
la formation des oeufs. Les femelles vierges commencent l'oviposition
en même temps que les femelles déjà fécondées. Des différences ont été
observées seulement en ce qui concerne le nombre d'oeufs éclos.

1.

INTRODUCTION

Mass reared insects are useful in sterile insect technique (SIT) pro
grammes as well as in providing experimental material for basic research.
However mass rearing often produces insects, which differ considerably from
the original wild population due to laboratory selection (2,4,5,17). Nume
rous physiological and behavioural characteristics of the insects are sub
ject to change due to adaptation in the laboratory environment. In parti
cular changes related to the sexual and reproductive behaviour of the in
sects are substantial and in turn can play very important role in the suc
cess of S.I.Τ programmes.
The olive fruit fly Dacus oleae (Gmelin) was artificially reared for
several years at the N.R.C. Demokritos in order to make biological compari
sons between wild and artificially reared flies.
FYTIZAS and BACOYANNIS (13) found that ovariole maturation of wild
flies is greater than in artificially reared flies. However ECONOMOPOULOS
et al. (7) reported that flies reared for 10 generations on olives in the
laboratory begun to mate later than flies reared on artificial diet.
The present work was undertaken for the following reasons. 1. The limit
ed data on the direct comparison of wild and labcultured populations
2. Changes in the artificial rearing system (21). 3. Changes in the ra
diation technique (9) and 4. New information on sexual behaviour of the
fly (17,25). This work was conducted in the period 19761979 and compared
the sexual and reproductive maturation of adult olive flies reared on arti
ficial diets and adults from naturally infested fruits.
2.

MATERIALS AND METHODS

Wild flies(W) used for this study, were collected as mature larvae and
pupae from infested olives, in Attica, Corfu and Crete Greece, during the
months of SeptemberDecember in each year from 1976 to 1979. Three strains
of artificially reared flies (AR) were used; the strains P,F, and K, which
have been reared on artificial diets under laboratory conditions for 110,
50 and 10 generations respectively. The origin of these strains (initial
wild flies) were from Marathon (central Greece), Halkidiki (Northern Greece)
and the Island of Crete respectively.
Pupae were held at 25+1° C and 60+5 R.H under a 12:12 Lightdark photo
period. The light intensity during the photophase was constant of 1000 lux.
On the day of emergence, the flies were placed in groups of 60 pairs in
42x25x25 cm plexiglass cages (46 replicates), or in individual pairs
(IQ+IO"1 ) in small 8x10 cm glasstube cages (60100 replicates).
Observation for matings start the day of emergence, and every day the
flies were watched only during the 4 last hrs of the photophase, which is
the mating time of the flies under this photoperiod of LD 12:12 (25,
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Zervas unpublished data 1979). Pairs in coitus were scored every 15 min
and removed carefully from the cages. Female ovaries, spermathecae and
male testes were examined under a microscope.
The radiation with γrays took place in late pupal stage, with 11 Kr,
in N~ atmosphere (9).
Females which were kept individually in small tubecages were offered
daily oviposition substrate green olives (for W and AR females) or paraf
fin domes (for AR females only). In the case in which green olives were
used as oviposition substrate as egg production were calculated, with an
error of 35%, the number of oviposition stings on the fruits.
The criterion for sexual maturation in both sexes was the mating with
sperm transfer, while the criterion for reproductive maturation was the
presence of one or more eggs in the ovaries of the females.
The following combinations of insects have been used.
a. Females 1/2 day old with sexually mature males (5and 12 days old
for AR and W males respectively).
b. Males 1/2 day old with sexually mature virgin females 6 and 15
days old for AR and W females respectively and
c. 1/2 day old males and Females (24).
3.

RESULTS AND DISCUSSION

a. Laboratory Flies
The process of sexual maturation in sterilized (FS) and normal (FN)
flies is given in Fig. 1. When both sexes are the same age matings start
about 2 1/2 days after emergence and are practically finished the sixth
and fifth day of the adult life.
This curve represents the sexual maturation of the female flies.
The sexual maturation of males shows the curve of the combination in
which 1/2 day old males were kept with mature virgin females. The males
seem to mature 1 to 2 days earlier compared to the females. Practically
all AR males are sexually mature whithin 3 1/2 days after emergence. On
the contrary and in a previous study (15) based on sexual attraction of
the males, was reported that females mature sexually 1 to 2 days sooner.
All matings in this combination (mature op with 1/2 day old males) were
normal with sperm transfer to the females and normal in duration (average
duration 110 min (ZERVAS, unpublished data). As the male is the aggres
sor during the mating process (25) on no account, the male can be obliged
to participate in matings, so it is clear that between the two sexes there
is a time differentiation in sexual maturation. The new emerged males in
presence of mature females start to show the characteristic sexual beha
viour, as stridulation, short flights,attacks on other insects, even from
the first and second day after emergence, but from the numerous mating at
tempts only few lead, to complete matings. The reason for that is probab
ly that the penis of the males is not yet well chetinized, while mature
spermatozoa are present in the testes from the emergence day as in previ
ous investigations is reported (19,1,14).
In case, where 1/2 day old females were kept with sexually mature
males, the matings of the first and second day were matings with sexually
immature females, since the new emerged females can not withstand the
agressiveness of the males, which in the small space of the cage visually
search for females. As shown in Pig. 1 there are fewer matings the second
'dayt compared with the first and a possible explanation, for this observat
ion is that the unreceptive females exhibited betrer. resistance to the
agressive males. The observation that all the matings of the first 2 days
succeeded after a 10 to 15 minute period resistance of the females,
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fig. 1. Accumulated percentage of matings in sterilized (FS) and normal
(FN) artificially reared olive fruit flies in different combinations of
mature (M) and immature (IM) stages.
that most of the mated females remated within the next 3 days and that the
mortality of this females was higher, supports the above hypothesis.
The radiation of laboratory flies, with 11 Kr γrays causes a delay
in sexual maturation which is greater in females than in males (Fig. 1,
curve FS). This is probably due to the advanced stage of the spermatoge
nesis in the emergence'time than the ovarian development, as reported
previously
(19).
Investigations have pointed out that this delay
in sexual maturation after irradiation is inversely proportional to the age
of the pupae. The closer the pupae are to emergence the less is the delay
of sexual maturation. (ZERVAS unpublished data 1979). The delay, even in
the case in which radiation occurs 31 days before adult emergence, is
never greater than 12 days. However THOMOU, and TZANAKAKIS et al. (20,23)
found maturation delays of 510 days for male insects. This is probably
related to the different sterilization technique and insect material.
b. Wild Flies
The process of sexual maturation in two wild populations, one from the
island of Crete and the other from the island Corfu obtained in two conse
cutive years is presented in Fig. 2. It is clear that both populations
follow the same maturation pattern, which differs considerably from the
maturation pattern of the AR flies.
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Fig. 2. Accumulated percentage of matings in two populations of wild
olive fruit flies in different combinations of mature (M) and Immature
(IM) stages.
The curves in Fig. 2 with No 3 represent the sexual maturation of the
females. The maturation starts the 4th day after emergence and requires
more than 15 days to complete. In order to have 50% of the initial insects mature, 9-11 days are required, whereas laboratory flies, normal or
sterilized, require only 3 1/2 to t 1/2 days.
The sexual maturation of males in the presence of mature virgin females shows the curves with No. 2. In this case there is only a small maturation differentiation between males and females, probably due to the low
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maturation rate of the population . The curves with No. 1 are matings of
newly emerged wild females in the presence of mature males. The matings
in the first four days are with immature females. Up to the fourth day
most matings occur with receptive females.
A comparison of Fig. 1 and 2 suggest that the AR populations (steri
lized or not) show a very high maturation rate, due to the selection of
wild flies under the artificial rearing conditions.
This property of the AR flies to mature sexually within a short time
after emergence and especially the males is very convenient for the S.I.Τ
programme. So the released AR males will start to compete: with wild males
after a short prematuration time, since the survival of such flies in the
field seems to be rather short (10). In order to examine the effects of
artificial diet on maturation.rate, three artificially reared AR strains,
P,F.K, were reared for 110, 50 and 10 generations respectively. They ori
ginated from three different areas in Greece. The results are shown in
Table 1. Sexual maturation of females in three Laboratory strains of
the olive fruit fly.
2
Matings %
1
κ (io)
F (5ι
Ρ. (110)
Strain
Age in days

h
ι h
2 H
3 *S
4 h

5 h
1.
2.

16
51
IO
10
7

0
0
± 4°
I

± S5"
±± 66eP
± 5"

17
47
16
16
1

0
0
± 3α
±± 6"
±± 5 ae
±

0
0
12
42
20
8

+ 3α
+ 4°
+ 4°
+ 2,5°

Number of generations in artificial rearing
Means followed by same letter in the rows are not different at the
5% level. (Duncan's multiple test) (% S were subject to arcsin
tran s format ion).

Table 1. All three strains displayed the same maturation pattern. This
suggests that the selection procedure is the same in all three strains and
that after a certain number of generations in the laboratory, the popula
tions reach stability. Data obtained by recolonization of the wild flies
under the conditions of artificial rearing, showed that all changes, which
are related with the sexual and reproductive maturation, occur during the
first 3 to 5 generations of the colonization (ZERVAS, unpublished data).
The mechanism of this selection is not well understood.
Among the enviromental, nutritional behavioural?etc, factors affecting
the selection process an especially important one may be that only the
wild females, which mature sexually sooner than the others first adapt the
oviposition substrate (Paraffin domes) and after the oviposition produce
ovipositions deterrent substances (6) which prevent the other flies to
oviposit, so that the genetic pool of the offsprings come from a small
number of parrents. The observation that wild females held in groups of
1015 flies oviposit of green olives less than the females kept individual
ly gives some evidence for this explanation.
In other experiments, in which AR flies had a prolonged larval or pu
pal developmental time (rearing in low temperatures) did not show differ
ences in maturation rate at 25° C (ZERVAS, unpublished data).
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Table 2. Sexual maturation of wild and artificially reared olive fruit
flies, which have been fed with complete adult food, or with sucrose
only.
Matings %

2
Wild flies
Complete food
Sucrose
0(n=45)3
0(n=40)
0
0
0
0
0
0
2,2
15,0
15,6
10,0
24,4
17,5
20,0
17,5
8,9
7,5
8,9
5,0
8,9
7,5
0
2,5
2,2
5,0
1. No significant differences have been found at the 5% level
between rows (t-test).
2. The mean maturation time in the two populations are not significantly different at the 5% level (t-test).
3. In brackets are indicated the numbers of single pairs.

Age i n days

h

1 h
2 h
3 h
4 h
5 h
6 h
7 h
8 h
9 h
10 H
11 H
12 h

Laboratory
Complete food
0
0
23,3 ± 3,3
50,6 ± 2,9
11,3 + 2
2,4 ± 1,9

flies
Sucrose
0
0
23,3 ± 4,4
53,8 ± 3,8
11,9 ± 1,8
3,7 ± 1,2

Table 2 shows the sexual maturation in AR (K-strain) and W flies fed
with complete adult food or with sucrose only. No significant differences
(P<0,05) have been found between the two categories of flies in each population. This suggests that new-emerged flies have enough reserves of proteins from the pupae, to reach sexual maturation even in wild flies which
mature 6-10 days later, than AR flies. With this experiment is shown that
feeding of the released sterilized flies with sucrose, in order to have better dispersal in the field (10) does not affect the rate of sexual maturation.
c. Development of ovaries in W and AR female flies.
Fig. 3 shows the maturation proccess of the ovaries in the AR and W female flies. AR females start to develop eggs in the ovaries the first 2h
days after adult emergence and after 5% days all the females have (mature)
eggs in their Ovaries. On the contrary W females need 5 to 16 days to complete the development of their ovaries. Oviposition on paraffin domes
(AR flies) or on olive fruit (W. flies) usually starts 1 to 2 days after
the formation of mature eggs in the ovaries (Fig. 4).
In order to examine the effect of mating on maturation rate, mated and
Virgin females of W and AR flies were disected. Other females of the same
batches were left to oviposit. The results (Figs. 3,4) suggest that mating
has no influence on the rate of ovarian development. Therefore in both AR
and W flies the ovarian development and the preoviposition time do not differ in virgin and mated flies. On the contrary mating stimulates the oviposition of females which mate immediately after sexual maturation as well as
the oviposition of virgin reproductive mature females. In Fig. 4 it is seen
that in AR mated females the oviposition starts the same time with the virgin flies. Differentiation in the two groups of flies occurs after the
sixth day only in the number of laid eggs. At that time the virgin females
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time in which Virgin females were mated.

436

reach the level of 57 eggs per day while the mated females reach the level
of 1012 eggs per day, which is due to the stimulation of the mating on ovi
position, as in earlier studies is reported (18,22,3,8).
Similar observations are made in mated and virgin wild females»the differ
ence is that oviposition starts later and the oviposition rate (on green
olives) is higher than in the AR flies. This stimulation is better shown in
Fig. 4 in the case where W and AR mature virgin females after mating dupli
cated within 12 hours the oviposition rate. (ENGELMANN(11) reported also
that the stimulation of mating on oviposition is observed in many diptera
and lepidoptera.
An other case investigated, was the time in which the mating occurs in
relation to the developmental stage of the ovaries. As shown in Fig. 3 the
mating occurs one to two days before mature eggs are present in the ovaries.
Following the FLETCHER'S diagramatic representation of the stages during
the maturation of the follicles in the ovaries of Dacus oleae (12), mat
ings take place when the ovaries are in the developmental stage of the late
Vitelogenesis. In a stage in which eggs are not formed in the follicles of
the ovaries.
The finding, that the mating is preceded to the ovarian maturation,
could elucidate the case, in which females caught in traps in the field,
were found to have sperma in the spermathecae and not eggs in the ovaries.
This can happen when after mating unfavourable environmental conditions
(low or high temperatures) delay the maturation of eggs or when after mat
ings, the flies were immediately caught and killed in the traps. On the
contrary females caught with eggs in the ovaries and without sperma in the
spermathecae, indicate that the mating is prevented although the females
are sexually mature.
Acknowledgments
Many thanks are due to Mrs. Karamida for laboratory assistance, Mrs.
Kanoussi for typing, A. Kontoyannis for photographies, T. Philippopoulou
for drawing, Prof. J. Carey and Drs. Ν. Drouliscos and A. Manoukas for com
ments ín the manuscript.
REFERENCES
1. BACCETI, B.; BAIRATI, Α (1964) Indagini comparative sull' ultrastruct
ure delle cellule germinali maschili in Dacus oleae Gmel. ed in
Drosophila melanogasţer Meig. (Ins. Diptera) Redia 49, 130.
2.
3.
4.
5.
6.
7.

BOLLER, E.F. (1972) Behavioral aspects of mass rearing of insects.
Entomophaga 17: 925.
CAVALL0R0, R., e G . DELRIO (1970). Rilievi sul comportamento sessuale
di Dacus oleae Gmelin (Diptera Trypetidae) in Laboratorio. Redia
Firenze LII 20130.
CHAMBERS, D.L. (1975). Quality in mass produced insects. Proc. IAEA
(FAO Panel on controlling fruit flies by the sterile insect technique
Vienna 1974 p. 1932.
CHAMBERS, D.L. (1977). Quality control in mass rearing. Ann. Rev.
Entomol. 22 289308.
CIRIO, V. (1971) Respeti sul meccanismo stimolorisposta nell' ovide
posizione del Dacus oleae Gmelin (Diptera, Trypetidae). Redia 52:
577600.
EC0N0M0P0UL0S, A.P., A. GIANNAKAKIS, M.E. TZANAKAKIS, and A. V0YADJ0G
L0U (1971). Reproductive Behavior and Physiology of the Olive Fruit
Fly. 1. Anatomy of the Adult Rectum and Odors Emmited by Adults. Ann.
Entomol. Soc. Am. 64, 111216.

437

8. ECONOMOPOULOS, A.P., Α.V. VOYATZOGLOU and A. GIANNAKAKIS (1976). Re
productive behavior and physiology of Dacus oleae. Fecundity as af
fected by mating, adult diet and artificial rearing. Ann. Entomol.
Soc. Amer. 69:725729.
9. ECONOMOPOULOS, A.P. (1977a) Gammaray sterilization of Dacus oleae
Gmelin. Effect of nitrogen on the Competitiveness of irradiated A
males. Z. ang. Ent. 83:8695.
10. ECONOMOPOULOS, A.P., N. AVTZIS, G. ZERVAS, J. TSITSIPIS, G. HANIOTA
KIS, G. TSIR0P0UL0S and A. MANOUKAS (1977). Experiments on the con
trol of the olive fly Dacus oleae (Gmelin) by the combined effect of
insecticides and releases of gamma ray sterilized insects. Z. ang.
Ent. 83:201215.
11. ENGELMANN, F. (1971) The physiology of insect Reproduction. Pergamon
Press Oxford.
12. FLETCHER, B.S., S. PAPPAS and E. KAPATOS (1978) Changes in the ova
ries of the olive flies (Dacus õleae (Gmelin)) during the summer and
their relationship to temperature, humidity and fruit availability.
Ecological Entomology 3: 133139.
13. FYTIZAS, E. and A. BACOYANNIS (1970). Evolution des ovaires chez les
adultes femelles de Dacus oleae Gmel. Ann. Inst. Phytopathol. Benaki 9:
2307.
14. FYTIZAS, E. (1973). Quelques Observations sur la Spermatogenese de
Dacus oleae Gmelin. (Diptera :Tephritidae) Z. angew. Ent. 73: 7482.
15. HANIOTAKIS, G.E. (1974). Sexual attraction of the olive fruit fly,
Dacus oleae (Gmelin) Envir. Entomol. 3: 8286.
16. HUETTEL, M.D. (1976) Monitoring the quality of Laboratory reared in
sects. A biological and behavioral perspective. Envir. Entomol.
5: 10681071.
17. L0HER, W. and G. ZERVAS (1979) The mating Rhythm of the olive fruit
fly Dacus oleae (Gmelin). Z. angew. Ent. 88 425435.
18. M00RE., I. (I960). A contribution to the ecology of the olive fly
Dacus oleae Gmèl. Israel Min. Agrie, Agrie. Res. Stn. Spec. Bull. 26.
19. NICOLOPOULOS, G., (1961) Quelques observations sur le gonades des
adultes mâles et femelles de Dacus oleae Gml. (Diptera: Trypetidae)
Ecole des Hautes Etudes Agronomiques â Athènes (en Grec).
20. TH0M0U, H. (1963). Sterilization of Dacus oleae by gamma Radiation,
p.41324 In Radiation and Radioisotopes Applied to insects of Agri
cultural Importance. Int. At. Energy Agency, Proc. Symp. Athens,
Apr. 2226 1963 p. 508.
21. TSITSIPIS, J.A. (1977). An improved method forthe mass rearing of
the olive fruit fly Dacus oleae (Gmel.) Diptera: (Tephritidae) Z. Ang.
Entomol. 83: 41926
22. TZANAKAKIS, M.E. (1967). Duration of sperm fertilizing capacity
within the female of Dacus oleae, and fecundity of females isolated
after mating. Ann. Entomol. Soc. Amer. 63: 100710.
23. TZANAKAKIS, M.E., and H. TH0M0U. (1965). Further work on inducing
dominant lethality in males of the olive fruit fly Dacus oleae Gmel.
by gamma radiation p. 78. In Advances in Insect population Control
by the Sterile male Technique. Int. At. Energy Agency Proc. Panel.
Vienna, July 2024, 1964, p. 79.
24. ZERVAS, G.A. (1977). Measuring sexual maturation in Dacus oleae.
pp. 121122 In quality Control, ed. by E.F. Boiler and D.L. Chambers.
10BC/WPRS. Bulletin 1977/5.
25. ZERVAS, G.A. (1982) Reproductive physiology of Dacus oleae (Gmelin)
diptera Tephritidae. Comparison of wild and laboratory reared flies
(in Greek) Geoponika 282:1014.

438

Sexual selection and mating behavior of normal and irradiated oriental
fruit flies
LENA W.Y.LEE, T.H.CHANG & C.K.TSANG
Institute of Zoology, Academia Sinica, Taiwan

Summary
The oriental fruit flies, Dacus dorsalis were raised with the
artificial diet in the laboratory of Academia Sinica. A part of
flies was irradiated with 1300 rad of gamma rays, the other
remained as normal. The sexual maturation occurred from the
fourth day after eclosión for both normal and irradiated flies.
The peak of mating in normal flies was on the ninth day, irraiated flies on the eighth day. The mating frequency in normal
flies was higher than that of irradiated flies. Daily activity
of mating started at 5 p.m. in general, then increased rapidly
from 5 p.m. to 7 p.m. and few matings were added by the end of
the daylight about 8 p.m.
The courtship and mating behavior
were the same for the normal and irradiated flies. The sexual
selection and isolation of the normal male to the irradiated
female is partial isolation because the isolation index is 0.049.
1. INTRODUCTION
Research regarding the effect of irradiation on the oriental fruit
flies (Dacus dorsalis) has been in progress in Taiwan since 1974 (6,14).
The method of sterile-insect release to eradicate or control these flies
has been conducted on Taiwan island from the fall of 1975. This method
was used successfully to eradicate the melon flies (Dacus Cucurbitae)
from Rota, Marianas Islands (12) , and is currently being tried against
the mediterranean fruit flies (Ceratitus capitata) in Central American (8),
California and the middle East. The experimental eradication of the melon
flies in Kume island succeeded by using this method (5). In Taiwan, this
method, together with the annihilation method, is partially successful in
controlling the oriental fruit flies.
Boiler and Chambers (1) emphasize the importance of quality control in
sterile-insect release method. The sexual activity is one of two primary
obligations in the quality control in fruit flies. Ito and Kawamotto (4)
suggested deviation in sexual behavior of release flies from the wild
flies was primarily responsible for the failure in many applications of
sterile-insect release method. Thus, the research of such deviation is
importance.
This paper reports the differences in some aspects of sexual behavior
between normal and irradiated oriental fruit flies. The research on the
comparison of mating behavior between laboratory and wild strains will be
studied.
.2. MATERIALS AND METHODS
Experiment were conducted at the laboratory of Academia Sinica, Taiwan,
the Republic of China during the spring and the early summer 1979 and 1980.
The laboratory condition was maintained the temperature at 27Ì2°C and the
relative humidity at 66-70*. The oriental fruit flies were obtained from
the laboratory for the mass-rearing, in which the flies have been cultured
CEC /I0BCSymposium
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for more than 50 generations, and fed with the arrificial diet (2). About
810 thousand wild flies were put into the colony every summer for adding
new genes to the colony.
Two days before eclosión pupae of the oriental fruit flies were
divided into 2 parts. One was irradiated with 1300 rad of gamma rays with
a pooltype Cobalt60 source, and the other remained as normal. The next
day of the pupae emergence both normal and irradiated flies were placed
in 68°C cold room for sex segregation. The virgin males and females were
separately kept in different screen cages for tests. The flies were fed
with yeastsugar mixture and water. The photoperiod was in natural
condition from about 5 a.m. to 7 p.m.
2.1 Sexual maturation:
This test was modified by Schroeden (10). The virgin males and females
were put in a screen cage 30x30x30cm (30/cage) at about 2 p.m.. The mating
activity was observed from 2 p.m. the day dark. After the mating pair of
flies had courted steadily they were removed and a new virgin male' and
female were replaced. The test was observed every day for 30 days, 3 repli
cates was made for normal males and females, and irradiated males and
females combination.
2.2 Daily activity rhythm of matings
Ten pairs of virgin males and females, about 7, 9, 11 days old, were
confined in a plastic jar 8cm in dia χ 15cm, ten replicates for each treat
ment of combinations. The mating activity was observed from 9 a.m. to
8 p.m. until the day was completely dark.
2.3 Observation of mating behavior
Eighty pairs of virgin males and females were confined in a 45x45x45cm
plastic cage, also one pair of flies in a plastic jar 8cm in dia χ 15cm.
The mating and courtship behavior were observed at dusk from about 5 p.m.
to 7 p.m. and recorded with a camera.
2.4 Sexual selection and isolation
The normal males and females, the irradiated males and females combin
ation were placed in separate plastic jar. Also the normal females were
combined with the irradiated males; the irradiated females and the normal
males were confined in the same size of the plastic jar 8 cm in dia χ 15cm,
10 pairs of these combinations were kept in one jar with 20 replicates, and
5 times of observations. The flies were provided with food and water.
The numbers of mating were examined and recorded on the 7th, 9th and 11th
day after eclosión from 5 p.m. to the end of the photoperiod.
The calculation of sexual selection and isolation is modified by the
isolation coefficient from Malogolowkin et al (7) and Dr. Chéries (11) in
Drosophila flies. The formula is
(X

Sexual isolation Index =

11 + X 22 ) _ ( X 21 + X 12Í
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3. RESULTS AND DISCUSSIONS
3.1 Sexual maturation
The results are shown in Figure 1. The sexual maturation of the nor
mal flies initiated on the fourth day after eclosión. The peak of mating
activity was on the 9th day. The irradiated flies also started to mate
on the fourth day, but the peak of mating activity occurred one day
earlier than the normal flies, for which the peak was on the 8th day after
eclosión. Both the normal and irradiated flies mated every day until they
are 30 days old. Tsiropoulos and Tsanakakis (15) found that there were no
marked differences in mating frequency and willingness in the normal and
irradiated olive fruit flies. The frequency of mating shown in the normal
flies was more than that in the irradiated flies in our tests.
3.2 Daily activity rhythm of mating
The mating response of both the normal and irradiated oriental fruit
flies began at 5 p.m. and increased very rapidly until 7 p.m., then slowed
down in numbers of the mating pairs at about 8 p.m.
The flies were
swarming on the period of sunset at about 4:30 or later; the mating behavio
followed. Around 5 p.m.,the courtship behavior could not prolong too long,
they were not recorded in our data. While the intensity of the light
decreased, the courtship went stable and could keep about as long as 214
hours (9,13,3 and unpublished data in our laboratory). The results are
shown in Figure 2.
3.3 Observation of mating behavior
The mating and courtship behavior did not show any differences from
the normal and irradiated flies. When the sun was down at dusk, the
courtship pattern of the oriental fruit flies can be simplely stated from
beginning to success. Wings are spreading, vibrating one or two wing and
flicking, flies swarming, crowding, kissing and following; then the male
attacks the female suddenly, mounting on the body of the female, curling
down his abdomen, intromitting his genitalia into the genitalia of the
female. If the female is not willing to court, she tries to run away and
kicks the male out with her hindlegs. Sometimes, the male or the female
tries to break the mating couple. However, this tentative does not easily
succeed, once the courtship is steady.
3.4 Sexual selection and isolation
Insects will be usually produced sexual selection and isolation by a
environmental effect (11). The result of this test in the oriental fruit
flies are shown in Table 1.
Table 1. Numbers of matings recorded from different combinations
of normal and irradiated oriental fruit flies
_ . . .. 1
Combination

Ages of flies
observed

Total pair of
flies observed

No. of successful
matings

Ν ?+Ν£

7th,9th,11th

1000

759

I î + I«

7th,9th,11th

1000

650

Ν ? + I ft

7th,9th,11th

1000

680

Iî + N j

7th,9th,11th

1000

532

Ν = normal flies,

I = Irradiated flies
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The numbers of successful matings are computed into the formula of sexual
isolation index as follows,
(X

Isolation Index

11+X22)-(X21+X12)
4N

(759+650)-(680+532)
4x1000
1409-1212
4000
197
4000
0.049
Dr. Charles (11) and Malogolowkin et al (7) state the same suggestion that
the coefficient is Í1 denoting the isolation completed; zero means there
is no isolation. The coefficient of this study is 0.049 which indicates
that there is a partial sexual isolation between the normal and irradiated
flies. For the sterile-insect release method to eradicate or control the
oriental fruit flies, we should study the sexual selection and isolation
between the wild flies and the irradiated laboratory flies.
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Attractability range and capture efficiency of medfly traps
G.DELRIO
Istituto di Entomologia agraria, Sassari, Italy
A.ZÜMREOGLU
Bolge Zirai Mucadele Arastirma Enstitusu, Bornova-Izmir, Turkey

Summary
Trials comparing capture efficiency and attractability range of traps
for Ceratitis capitata Wied., carried out in Sardinian and Turkish citrus groves, produced the following results. Yellow cross sticky-traps
(Rebell 78) showed good capture efficiency; the attractability range
was limited to the tree on which the trap was hung. Rebell traps with
trimedlure added to the glue were highly efficient in capturing males
up to the least 20 metres from the trap. Rebell traps baited with protein hydrolysate (Buminal) impregnated dental wicks were the most efficient in capturing females, but the range did not effectively exceed
10 metres. Traps baited with both trimedlure and Buminal captured more
medflies than any other type of trap.

1. INTRODUCTION
For some time, yellow visual traps and olfactory traps (baited with
ammonium salts, protein hydrolysate, trimedlure) have been used for Ceratitis capitata Wied. population surveys.
In 1979, the IOBC fruit fly working group began tests to compare the
action of these traps in various countries. In Sardinia and Turkey, further
tests were carried out in 1981 and 1982 to investigate the possibilities of
combining the different lures and estimating the efficiency and attractability range thereof.
2. MATERIALS AND METHODS
The Sardinian experiments were conducted in orange groves in summer
and autumn; those in Turkey in mandarine groves only in autumn. Distance
between trees in all cases was 5x5 m.
2.1 Comparison tests
The following traps were used:
- Yellow cross sticky trap (Rebell 78);
- Rebell trap baited with Buminal impregnated dental wick (4 m l ) ;
- Rebell trap baited with 2.5% trimedlure in the glue (0.2 ml attractant
per trap);
- Rebell trap baited with trimedlure and Buminal.
The traps were hung in trees 30 m apart at about 2 m high at the
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fringe of the canopy and changed every week. Six replications were madefor
each trap-system.
2.2 Attractability range
The 4 types of trap were each positioned as above and at 0, 10, 20 and
40 m from the release point. For the test at 0 m, one trap was used (at release point); for 10 and 20 m, 4 traps (located in cross direction); for40
m, 8 traps located radially. For each type of trap and each distance separate tests were effected, with 3 replications.
The laboratory reared flies used in these tests consisted of normal
and sterile males and sterile females. Sterilization was effected in the
CEC Joint Research Centre at Ispra with 7 krad gamma radiation at pupal
stage; all flies were marked with powdered pigments (Day Glo) again at pupal stage. In each test 200 normal males were first released and, after a
week, 200 sterile males and 20u sterile females.
Trap capture were checked at 24 h, 48 h and 7 days from release.
2.3 Efficiency estimation
Each test was carried out by hanging the trap to be tested at about 2
m high and releasing 100 normal males marked yellow in the same tree.
Simultaneously, 100 males marked red were released in each of 4 trees located radially at 10 m from the trap. A week later, in each tree 100 sterile
males and 100 sterile females were released in the same way, differently
marked. Trap captures were checked at 24 h, 48 h and 7 days. Six replications were effected for each trap-system.
3. RESULTS
3.1 Comparison tests
Generally, yellow traps alone captured more males than females. The addition of Buminal roughly doubled the capture of females. Mixing trimedlure
with glue increased the capture of males by approximately 700%. Traps baited with both trimedlure and Buminal proved to be the most efficient.
All traps with trimedlure were undoubtedly the most efficient in detecting low summer populations of medflies, whereas those without began
capturing only in autumn (Fig. 1 ) .
3.2 Attractability range
Yellow traps without other attractants had a range limited to the bree
in which they were hung. Buminal baited traps attracted the flies up to 10
m. The range of traps with trimedlure was at least 20 m (Tab. I ) .
3.3 Efficiency estimation
Trimedlure traps proved to be the most efficient regarding males recaptured in the same tree (60-70%); also at 10 m, males were trapped in
fairly large numbers (30-40%). Buminal improved the capture of males and
still more the females when added to the yellow traps. Unbaited traps prov-
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Tab. I. Trap attraction range. Trapping of laboratory reared normal male medflies at different distances from
release tree. Each distance test was run separately, 3 replications per distance.

Locality
and
release
date

Sassari
11.8.81

oo

Sassari
2.10.81

Izmir
28.10.81

%
Distance
tested
(m)

Released
males
(n)

0
10
20
40

200

0
10
20
40

200

0
10
20
40

200

II

M
11

II
11
II

II
II
II

recovery per trap

1 day after release
Y

b

42.5
3.3
0.2
0.1
9.0
0.1'.
0
0
2.0
0.9
1.4
0.3

Y+B

b

b
Y+T

a

28 days after release
Y+B+T

b

Y

b

Y+B

b

Y+T

b

45.5
8.7
0.3
0

47.0
22.3
3.5
1.5

75.5
25.2
3.4
4.1

0
0.5
1.5
0.2

1.5
1.8
0.4
0

1.0
1.5
6. Ι
Ο.3

12.0
4.5
0.3
0

76.0
13.0
16.1
4.5

c

1.0
0.2
0
0.1

5.0
0.6
0
0.1

1.0
0.9
8.6
1.4

1.8
1.9
2.0
0.8

2.8
2.2
1.1
1.4

12.5
2.7
1.4
2.0

0.3
0.2
0.3
0.3

0.5
0.2
0.4
0.4

1.0
0.1
0.3
0.4

Y+B+T

b

1.5
1.0
9.2
3.3

1.2
0.2
0.4
0

One trap used in the 0 m distance, 4 in the 10 and 20 m distances and 8 in the 40 m distances. For total recove
ry one should multiply by the number of traps used for each distance.

c

Y = Rebell 78 yellow cross trap, Y+B = Rebell + Buminal, Y+T = Rebell + trimedlure, Y+B+T = Rebell + Buminal +
trimedlure
Not tested

Tab. II. Trap efficiency. Trapping of laboratory reared medflies released simultaneously in the tree where a
trap was hung and in the 4 neighbouring trees located in cross direction at 2-tree distances from the
tree with trap. Flies released in trap-tree marked with different colour from flies released in neighbouring, 6 replications per trap-system. Results of tests in Sassari citrus groves.

% total recovery 1 day after release. Flies released in:
Release
date

fc

Released
tree with trap

flies

Y+B

Y+T

b

neighbouring trees
Y+B+T

b

Y

b

Y+B

b

Y+T

b

Y+B+T

16.10.81

Normal
males

14.0

35.3

58.8

68.1

4.3

11.3

39.5

20.

17.8.82

Normal
males

36.5

46.0

60.5

72.1

18.3

19.8

44.5

40.5

24.8.82

Sterile:
males
females

40.1
3.1

46 .0
12.6

57.3
6.3

68.6
16.5

3.0
2.1

8.1
6.5

32.5
0

20.8
4.5

CO

b

100 flies released per tree from 20x10x10 cm plastic boxes covered with muslin, at the apex of the tree trunk
inside the foliage canopy.
Y = Rebell 78 yellow cross trap, Y+B = Rebell + Buminal, Y+T = Rebell + trimedlure, Y+B+T = Rebell + Buminal +
trimedlure.

ed to be quite efficient in the same tree as the trap, but inefficient at
10 m.
Generally, sterile female captures, even with Buminal traps, were considerably inferior to the sterile male captures (Tab. II).
4. CONCLUSIONS
Yellow traps, having good attractability within limited range, are
particularly indicated for studying medfly population dynamics (1).
To ascertain the reproductive state of females, for example, in population survey programmes, the addition of Buminal greatly increases the
numbers of females captured.
Besides the excellent efficiency shown in these tests of trimedlure
traps, particularly in revealing low summer population densities, other
trials hitherto unpublished have shown attractability even up to 80 m.
Increasing the doses of trimedlure, especially using other types of trap
(Steiner, Jackson, Nadel, etc.), can substantially increase range and efficiency, but can also produce an overestimation of the population density in
small orchards due to immigration of males from other areas.
Altough traps with Buminal and trimedlure have proved to be the most
efficient in all respects, more information is needed before being able to
utilize these baited traps for direct control of the medfly, apart from the
question of their effect on beneficial insects (2).
Trap capture efficiency seemed to be severely affected by climatic
conditions, and in this respect further studies are necessary in order to
find adequate methods for effectively correlating captures to population
densities.
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Captures of Ceratitis capitata and Dacus oleaeflies(Diptera: Tephritidae)
by McPhail and Rebell color traps suspended on citrus,figand olive trees
on Chios, Greece
B.I.KATSOYANNOS
University of Thessaloniki, Fac. of Agriculture, Lab. Applied Zoology & Parasitology, Greece

Summary
— *

/a

The efficiency of RebellV yellow color sticky traps in capturing Cerat i t i s capitata (Wiedemann) and Dacus oleae (Gmelin) f l i e s was assessed
in comparison with McPhail traps baited with 2% ammonium sulfate during August and September I98I and 1982 in Chios, Greece. McPhail
traps on fig or olive t r e e s captured U.2 to U6.3 times more C. capitat a and 2.U to I6.7 times more D_. oleae f l i e s than Rebell t r a p s . McPhail traps were more species specific for the two f l i e s and other
Diptera and probably less destructive to beneficial insects than Reb e l l t r a p s . In addition t o C. c a p i t a t a , large numbers of D. oleae were
captured on fig t r e e s bearing ripe f r u i t s , probably originated from a
heavily infested olive grove located 100-200 m away. The r e s u l t s show
that fig t r e e s bearing ripe fruits constitute an important adult food
source for C^_ capitata and D^ oleae and should be taken into consideration in f r u i t fly management programs in which food lures and/or
b a i t s are used.
Resume
Le pouvoir attractif des pièges jaunes du type Rebell pour capturer
Ceratitis
capitata
(Wiedemann) et Dacus oleae (Gmelin) a été comparé
avec celui des pièges McPhail contenant une solution à 2% de sulfate
d'ammonium, au cours des mois d'août et de septembre 1981 et 1982 à
l'île de Chios en Hrèce. Les pièges des deux types ont été installés
d'une part dans des oliviers, d'autre part dans des figuiers. Le nombre d'adultes de C. capitata
capturés par les pièges McPhail a été 4,2
à 46,3 fois plus élevé et celui de D. oleae 2,4 à 16,7 fois plus élevé
que par les pièges Rebell. Les DÏèges McPhail ont été plus spécifiques
en capturant ces deux espèces et d'autres diptères, et probablement
moins destructifs pour la faune utile que les pièges Rebell. A part
C. capitata,
un grand nombre de D. oleae a été aussi capturé sur les
figuiers portant des fruits mûrs. Ces D. oleae provenaient probablement
d'un olivier portant des fruits très attaqués, situé à une distance de
100-200 m des figuiers. Les résultats obtenus montrent que les figuiers
portant des fruits mûrs constituent une source alimentaire importante
pour les adultes de C. capitata
et D. oleae. Ceci doit être pris en
considération dans les programmes de lutte basés sur les appâts trophiques.

1. INTRODUCTION
Citrus and olives are among the moet important cultures on the island
of Chios, occupying ca. 800 and 2500 hectares respectively. The MediterraCEC /IOBCSymposium /Athens/Nov.

1982
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ne an fruit fly, Ceratltis capitata (Wiedemann), occasionally causes considerable damage to citrus fruits and almost every year destroys the fruits
of other trees such as figs, apples, pears, apricots and peaches of the
island. The olive fruit fly, Dae us oleae (Gmelin), is the most important
pest of olives, causing considerable damage despite regularly conducted
bait sprays organized by the local plant protection service.
During August and September I981 and 1982 I tested the efficiency of
Rebell® yellow color sticky traps in capturing these two fruit fly species
in comparison with McFhail traps baited with 2% ammonium sulfate. Such
baited McPhail traps have been used in the past and continue to be extensively used on Chios for D^ oleae and C^ capitata monitoring. The results of
this work are presented below.

2. MATERIALS AND METHODS

All experiments except one, were conducted in an area located in the
central-eastern part of the island where citrus growing predominates, about 1 Km from the sea coast, at an a l t i t u t e of 1-2 m from sea l e v e l . The
experimental area of ca. 6 ha belongs to h adjacent farms separated by 1-2
m high walls, and i s occupied mostly by citrus orchards with in-between
vegetable cultures and farm buildings. On the west side of the area is a
grove of ca. 100 small, 5-10 year old, fruit-bearing olive t r e e s . Within
the boundaries of the k farms, near the farm buildings and among the main
cultures, were several single trees including fig and olive t r e e s . In t h i s
location, traps were suspended on c i t r u s , olive and fig t r e e s , but comparisons of McPhail and Rebell traps were made only on fig t r e e s . Five fig
trees of h local varieties were used, located 10-100 m apart from one another, with canopies of 10-15 m in diameter and folliage extending to the
ground, bearing unharvested fruits in a l l stages of maturity. One to k
traps of each trap-type were used per fig t r e e , suspended in a l l directions,
spaced 2-5 m apart, 1-2 m from the ground, and 0.5-1 m inside the canopy.
Captured insects were removed and counted daily (198I) or every 3-1» days
(1982). In 1981 the liquid in the McPhail traps was renewed and the position of the traps was rotated daily.
An additional trap-comparison experiment was conducted on olive trees
during 198I in another area where olives constitute the main culture, in
an olive grove located ca. 15 Km away from the citrus area mentioned above.
In t h i s experiment large, highly productive olive trees were used. One trap
was suspended per t r e e , the experiment lasted 20 days and the traps were
checked and rotated every 5 days.
3. RESULTS AND DISCUSSION
3. 1

Captures of Ceratitis capitata and Dae us oleae flies by McPhail and
Rebell traps.

Irrespective of tree species (fig, olive), number of traps per tree
(one or more), locality and year, McPhail traps baited with 2% ammonium
sulfate performed much better than Rebell traps, capturing U.2 to U6.3 times more C¡_ capitata and 2.U to 16.T times more Dj_ oleae of both sexes
(Table I ) . When the population was high, as evidenced by high daily captures, there was a tendency for the ratio between McPhail and Rebell captures to be high and vice versa. About 30% of the overall captures of £¿_ capitata -.and Dacus oleae by both types of traps were females, although their
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Table I .  C e r a t i t i e c a p i t a t a and Dacus o l e a e f l i e s c a p t u r e d by Rebell c o l o r t r a p s and 2% ammoni urn s u l f a t e
b a i t e d McPhail t r a p s on Chios Greece during August and September I 9 8 I and 1982.
No of
Expt·
each
type

Expt

pr e r i o d

·
dura
..
tion
,,
(days)s

Number of f l i e s

Tree
spe
.
cies

captured
Dacus oleae

C e r a t i t Is c a p i t a t a

9

Mean 1

M:R2

Rebell

McPhail

Mean

M:R

313

1*3.1

U.2

80

193

30.3

2Λ

II69

31.0

5.2

127

299

95

2.1*





69

1*51

8.7

6.5

9

150

6.6

16.7





Rebell

McPhail

75
22U


1981
1

1

21».8.  2 . 9 .

9

fig

2

9

2.9. 20.9.

3

3

19.8.  8.9.

5
20

fig
olive

■Ρ».
Ol

ω

1982
1*

8

17  2 5 . 8 .

3

fig

3

139

5.9

1*6.3

5

5

10  1U.9.

1*

fig

1*5

U35

19.5

77



1

Mean numbers of f l i e s capt ured p e r day by each p a i r of t r a p s (one Rebell and one McPhail).

2

M: R  Ratio of McPhail : Rebell c a p t u r e s .

p r o p o r t i o n v a r i e d a t d i f f e r e n t times and/or places between 27.5? and 58.1%.
I t i s known t h a t yellow c o l o r a t t r a c t s many t e p h r i t i d f l i e s i n c l u d i n g
C. c a p i t a t a and D. oleae (U, 8, 9 ) . However, t h e r e has been i n c r e a s i n g
evidence t h a t yellow c o l o r t r a p s are more e f f e c t i v e i n c a p t u r i n g RhaRoletis
s p e c i e s , and u s u a l l y l e s s e f f e c t i v e i n c a p t u r i n g C. c a p i t a t a "and I). o l e a e ,
t h a n o t h e r e x i s t i n g t r a p s i n c l u d i n g McPhail t r a p s ( l , 3 ) .
3.2 A rough a n a l y s i s of s p e c i e s captured on f i g t r e e s
In g e n e r a l , t r a p s suspended i n f i g t r e e s captured a much g r e a t e r var i e t y of s p e c i e s than t h o s e suspended i n c i t r u s o r o l i v e t r e e s . Table I I
p r e s e n t s a rough a n a l y s i s of i n s e c t s captured by McPhail and Rebell t r a p s
suspended in f i g t r e e s from 2 t o 20 September I 9 8 I ( f u r t h e r e v a l u a t i o n of
experiment 2 of Table I ) . The values given i n t h e t a b l e r e f e r only t o i n s e c t s l o n g e r than 2 mm. The number of s m a l l e r i n s e c t s captured was e s t i mated t o be ca. UOOO for Rebell and c a . 500 for McPhail t r a p s . As many as
96.2? of t h e 2190 i n s e c t s captured by McPhail t r a p s belonged t o 5 d i p t e r a n
s p e c i e s , 3 frugivorous (two t e p h r i t i d s and one l o n c h a e i d ) , and 2 apparently
saprophagous (one lonchaeid and one d r o s o p h i l i d ) . By comparison, only h8.k%
of t h e 838 i n s e c t s captured by Rebell t r a p s belonged t o t h e above 5 d i p t e ran s p e c i e s . Many a p p a r e n t l y b e n e f i c i a l i n s e c t s ( p a r a s i t e s , p r e d a t o r s ) were
captured by Rebell t r a p s , while McPhail t r a p s a t t r a c t e d a low number of
chrysopids.
Table I I . - I n s e c t s l o n g e r than 2 mm captured by Rebell c o l o r t r a p s and
by an equal number of McPhail t r a p s b a i t e d with 2% ammonium s u l f a t e , s u s pended on 5 f i g t r e e s b e a r i n g r i p e f r u i t s between t h e 2 and 20 September
1981, on Chios, Greece. Captures of 9 r e p l i c a t e s of 5 days d u r a t i o n each.
Number of i n s e c t s captured
Total numb e r s
Percent of Total
Rebell
McPhail
Rebell
McPhail

Insect species

C. c a p i t a t a

221»

II69

D. o l e a e

127
55
-

2 lonchaeid s p e c i e s
1 drosophilid species
other Diptera

372

o t h e r orders

60
Total

838

53. k

299

26.7
15.2

382

6.6

17. h

257
32

-

11.7

UU.U

1.5

7.2

2.3

100.0

100.0

51
2190

13.7

A few specimens of t h i s d r o s o p h i l i d s p e c i e s captured by Rebell t r a p s
were not e x a c t l y counted and are included i n " o t h e r D i p t e r a " .
I t i s evident from t h e s e r e s u l t s t h a t t h e McPhail t r a p s were not only
more e f f i c i e n t than t h e Rebell t r a p s in c a p t u r i n g t h e two f r u i t f l i e s but
a l s o more s p e c i e s - s p e c i f i c i n g e n e r a l , and probably l e s s d e s t r u c t i v e t o
b e n e f i c i a l i n s e c t s than t h e Rebell t r a p s .
In c i t r u s orchards s i m i l a r s i t u a t i o n concerning t h e s e l e c t i v i t y of Reb e l l and McPhail t r a p s have a l s o been observed r e c e n t l y i n S a r d i n i a ( 2 ) .
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3.3 Fruit fly populations on c i t r u s , olive, and fig t r e e s , and the importan
ce of fig trees bearing ripe fruits as an adult food source.
From early to midAugust 19Ö1, before the figs started to ripen, very
few C¡_ capitata and no D^ oleae flies were captured by traps suspended in
the fig t r e e s , while more than 1000 C. capitata flies were captured by 15
Rebell traps hung in the adjacent citrus orchard. This orchard contained
trees bearing unripe citrus fruits as well as a considerable amount of
overripe f r u i t s , on the trees and on the ground from the previous season,
which were heavilyinfested by C\_ capitata.
Emergence cages placed beneath the citrus trees revealed a continuous
emergence of ca. k Ç. capitata flies per square meter per day during the
period between 1 and 20 August 1981, while l a t e r t h i s number gradually d i 
minished. The f i r s t ripe figs appeared on about August 10, I98I. From t h i s
date on, the numbers of £¿_ capitata and D^ oleae flies captured on the fig
trees began to increase rapidly, while the C. capitata captures in the ad
jacent citrus orchard decreased considerably. Thus, only a t o t a l of 52 C.
capitata flies were captured by 2 Rebell traps in the citrus orchard
between August 20 and September 20, I98I. Apparently, the ripening and ripe
figs were more a t t r a c t i v e than the unripe or overripe citrus fruits for C.
capitata adult feeding and oviposition during t h i s period. Captures of D.
oleae flies on the same fig trees during the same period were continuous
and in much greater number than the captures within the adjacent heavily
infested olive grove, from which apparently the flies had mostly originated.
Thus, on a single fig t r e e , located ca. 200 m away from the nearest olive
tree with a citrus orchard inbetween, as many as 1102 C. capitata and II9U
D. oleae flies were captured by 6 Rebell traps operating for 10 days, from
l a t e August to early September I98I. In contrast, only 82 C. capitata and
•♦53 D¿_ oleae f l i e s were captured by the same number and type of traps ope
rating the same period in the olive grove. 52.5/6 of C. capitata ans 52.9%
of P. oleae adults captured on fig trees were females, of which, 51.8¡í of
C. capitata and 62.1Í of D_¡_ oleae contained mature oocytes.
Captures of D^ oleae in traps placed on various nonhost trees near
olive groves including figs, have also been recorded by other investiga
tors (5, 6). However,in t h e i r cases the captures on nonhost trees were
smaller than on olives whereas in our case they were by far greater, despi
te the fact that the fig trees were at a considerable distance from the
olive t r e e s .
The fact that a high percentage of D^ oleae females captured in fig
trees contained mature oocytes, suggest
that a b ackandforth movement
of these flies may have occured between olive trees serving as oviposition
s i t e s , and the fig t r e e s , serving as adult food s i t e s and that other trees
inbetween such as citrus did not prevent the flies from locating the fig
t r e e s . Figs also served as adult food source for other insects including
C. capitata and various beneficial insects.
The results suggest that fig trees with ripe fruits located in or
near citrus orchards or olive groves may serve as aggregation s i t e s Tor
adults of C. capitata and D. oleae. As pointed out by Nishida (7)» fruit
fly populations within a crop area can be more rapidly reduced by spraying
certain border plants than by spraying the crop i t s e l f , dued to the poi
soning important food sources. I t should be added, that neglecting the pre
sence of such adult food sources in the vicinity of cultures attacked by
fruit f l i e s , may sometimes explain insufficient control by otherwise cor
rectlyconducted bait sprays. The results indicate that if fig trees of
certain varieties with a relatively long fruitmaturing period were planted
within or near citrus or olive orchards and provided with an adequate
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number of selective traps, they could serve as super traps removing a
considerable portion of the fruit fly population and thus reduce the damage to acceptable levels. In the case of C¿_ capitata, care should be taken
that these fig trees do not turn into breeding places for this pest.
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Competitive comparison of the activity offivedifferent traps for
monitoring Dacus oleae (Gmelin) adults carried out
underfieldconditions in Tuscany in 1980 and 1981
F.QUAGLIA, A.CROVETTI & E.ROSSI
Istituto di Entomologia agraria della Università degli Studi di Pisa, Italy

Summary
The aim of the present work has been to value the different efficacy of
five monitoring means, also in relation to their position and exposure in
the foliage. The trials have been carried out at Asciano Pisano (PI) during
the years 1980 and 1981. The results have pointed out the superior activity of the trap with sex pheromone (l,7-dioxaspiro-5,5-undecane) as regard
the captures of adults (males and females) and only males, while the trap
baited with microincapsuled
ammonium acetate has shown the greatest capability to capture females and females with eggs. On the other hand, in
regard to the position and exposure of the traps, the experiments have noticed the least efficacy of the monitoring means placed in the low part the
foliage and facing north.

Resumé
Les essais conduits en 1980-1981 pour évaluer l'efficacité de 5 pièges divers (un chromotropique jaune, une bouteille avec attractif ammoniacale,
un piège avec attractif ammoniacale, un avec la phêromone 1,7-dioxaspiro5,5-undecane, le dernier avec paracimene . / ou autre phêromone) ont mis en
evidence la supériorité du piège avec la phêromone l,7-dioxaspiro-5,5-muie
cane. Avec ce Diège on a eu des captures même avec des niveaux de population très bas. On a aussi remarqué qu'il existe una correlation significative entre le nombre d'adultes (mâles et femelles) et celui des femelles
avec oeufs capturées avec les 5 pièges divers. Enfin il a été démontré que
la disposition des pièges dans la position haute du feuillage est sûrement
plus favorable par rapport à la position basse. Pour ce qui concerne l'exp£
sition, pendant la première année d'expérimentation (1980) les pièges exposés à sud et ouest ont fourni des résultats identiques et décidément supérieurs à l'esposition est et nord ces deux sans différences entre elles.
Pendant le 1981 au contraire les expositions a sud, ouest et est ont donné
les meilleurs résultats identiques entre eux et inférieurs à l'exposition
nord.
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1. INTRODUCTION
Monitoring methods to evaluate Dacus oleae adults presence and densi
ty have been widely expanded and the different traps used yield satisfacto
ry results. Nevertheless, because the heterogeneity of the conditions of
their use, it is nearly always difficult to make out comparatively the re
sults obtained by different monitoring means.
During 1980 and 1981, the Istituto di Entomologia Agraria of Universi
ty of Pise made a plan of research whose first object is the valuation of
the efficacy of five of the more used monitoring means, tested under the
same conditions. At the same time the influence on captures of the traps
due to their positions (high, middle and low) and exposure (North, South,
East, West) on the tree was considered.
2. MATERIALS AND METHODS
As to the description of the materials and methods used we refer to
the foregoing publications (1, 2, 3, 4, 5 ) . The trials have been carried
out in the same olivegrove of Asciano Pisano seat of a research on the
sampling methods to estimate the level of olive fruitfly infestation.
In the first year (1980) the traps compared have been the following:
1) chronotropic yellow trap type "Prokoboll"; 2) delta yellow trap baited
with 100 μΐ of l,7dioxaspiro5,5undecane; 3) the same trap with 100 μΐ
of pcimene; 4) the same trap with 500 mg of microincapsuled ammonium ace
tate (500 mg/50 cc H 2 0 ) . During 1981 the attractans of the traps 3) and 4)
have been replaced by 100 μΐ of a new Pheromone blend (unknown composition)
and by 500 mg of microincapsuled ammonium carbonate respectively.
The captures  expressed whether as total number of adults or distin
guishing males, females and females with eggs  have been recorder on spe
cial forms every 10 days for 15 following periods. In 1980 experiments
started the 20th of July and have been over at 21st of December; in 1981
these dates have been 20th of July and 6 th of December respectively.
The balanced incomplete randomized block design used provided for a
rotation of the 5 traps, so as at the end of the trials each one of them
has been placed at least once and at the most twice on every ,single one of
the 166 trees of the olivegrove, with three replications of the different
conditions of position and exposure altogether.
3. RESULTS AND DISCUSSION
The results of the statistical elaboration of the 1980 and 1981 data
havebeen illustrated in figures 1 and 2 respectively. Observing fig. 1 it
is possible see the superiority of the trap with l,7dioxaspiro5,5unde
cane in catching Dacus adults in total and only males, followed by the
traps with pcimene and with microincapsuled ammonium acetate, whose acti
vity is the same. Lower captures of adults and females have been obtained
by the bottletrap and chromotropic yellow trap.
As concern the captures of the females and of the females with eggs
the best results were observed in delta trap with microincapsuled ammonium
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ADULTS
T.2 (253.2)

T.3 (26.8)

Τ.5

Τ.4 (46.5)

·
Τ1

(4.6)

(10)

MALES
Τ. 2 (242.9)

Τ. 3 (15.3)

Τ.5 (1.2 )

Τ.4

Τ.1 ( 5 )

(22.2)

FEMALES
Τ.4 (24.2)

Τ. 2 (10.3)

Τ.5

(3.3)

Τ.5

(2.7)

Τ. 3 (11.5)

Ύ.1 (4.9)

FEMALES
Τ.4 (17.6)

W ITH

EGGS

Τ.2(8.8)

Τ.1 (3.5)

Τ. 3 (8.7)

Fig. 1. Results of the research carried out on the attraction of the five
different monitoring means (1980 data). Inside the brackets the ave
rage number of captured Dacus adults/each period is indicated.
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ADULTS
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(1.1)
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Fig. 2. Results of the research carried out on the attraction of the five
different monitoring means (1981 data). Inside the brackets the average number of captured Dacus adults/each period is indicated.

460

coeff. of
correlation

τ — —ι——ι——ι—
6
8
5
7

·>

—ι—— ι
10
11

y = -0.04*0.2
Χ (R = 0.70 ;F=18.2;tc=5)
y = 0.22+O.OtX (R=0.75;F = 45 ;tc = 7)
y= 0.09 *0.022X(R-o.ee ;F -17.2 ;tc=4 )
y = O.OOie + 0.27x(R=o.»e;F=Jl2;tc=27)
y= 0.78 *0.24 X (R=0.S2;F=24.4;tc=5)

Γ.1
Γ.2
Γ.3
Γ.4
Γ.5

•s?.
•on

9

■

12
adults

T^

*·

•f*

ă
«
■51
ß
S.

^^^L^
T.2_
— —

>
—ι
1

'

1
2

'

1
3

4
adults

Figg. 3 and 4. Regressionlines interpreting the relationship between the
total number of captured Dacus adults and this of females
with eggs observed in 1980 (above) and 1981 (below ) research.
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Figg.' 5, 6, 7 and 8. Effect of the two parameters position and exposure on
the captures. The analysis regards the five traps on the who
le and the values inside the brackets indicate the average
capure of Dacus adults/each period. Above 1980 and below 1981
data are reported.
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acetate, followed by the one baited with l,7dioxaspiro5,5undecane. Deci
sively lower the captures obtained by bottletrap and chromotropic yellow
trap, while the monitoring mean with pcimene shows an activity intermedia
te between the one of the last two traps and that of trap with 1,7dioxa
spiro5,5undecane.
These results have been generally confirmed by the data of the rese
arch carried out during 1981 (see fig. 2 ) . As concern the captures of the
adults in total and the only males infact the trap with 1,7dioxaspiro
5,5undecane shows the better activity, followed by the trap with new phe
romone blend and the other one with microincapsuled ammonium carbonate, bet
ween which there is not significative difference in activity.
The higher captures of females and females with eggs have been again
obtained by delta trap with ammoniacal attractant, whose activity is ther£
fore similar to the one of trap with l,7dioxaspiro5,5undecane. For the
females a very significative difference between these two traps and the
other three can be observed, while the difference is less evident conside
ring the captures of females with eggs.
As showed by the regressionlines of the figures 3 and 4 (1980 and
1981 research respectively) a very significative relation has also been
observed between the number of the adults and the one of the females with
eggs captured by the different traps. This result should supply intere
sting views for monitoring operations, giving further informations on the
beginning and the trend of the dacic infestation.
As concern the influence of the two parameters position and exposure
on captures, because the experimental design used, statistical analysis
has been carried out considering all the five traps on the whole, not indi^
vidually. In 1980 it has been proved that the placement of the traps high
in the foliage is certainly more favourable than in a low position, while
in the middle position the results are intermediate compared with those ob
tained in the other two positions (see fig. 5 ) . In 1981 high and middle p£
sition supplied the same results better than those of low position (see
fig. 6 ) .
As to exposure, in 1980 the trap placed on the south and on the west
have given the same activity, decisively superior to those on the east
and the north, which don't make difference (fig. 7 ) . In 1981 no differen
ce in captures has been observed in the traps placed at south, west an
east, while north exposure is still the less favourable (see fig. 8 ) .
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Comparative study on food, sex and visual attractants for the olive fruit fly
G.DELRIO & R.PROTA
University of Sassari, Italy
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A.P.ECONOMOPOULOS & G.E.HANIOTAKIS
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Summary
Studies on calibration, efficiency and distance of attraction with
ammonium carbonate, Buminal® protein, female sex pheromone and
yellow color were conducted with the olive fruit fly in Greece
(Kalamata) and Italy (Sassari) from April till December 1931. For
calibration, trap catches were compared to catches of 6 yellow
traps per tree which were used as standard. The ratio of pheromone trap to the standard was much higher than 1 in spring and
fall. In summer it was very low or zero. The ratio of protein
trap was around 1 in spring and summer and below 1 in fall. The
ratio of yellow or ammonium carbonate trap was always below 1.
Pheromone traps recovered ca. 1/4 and 1/5 of artificially reared
males released in the same tree with trap in summer and fall,
respectively. The respective numbers for protein were 1/6 and
1/10 (both sexes), while the yellow and ammonium acetate traps
recovered approximately 1/40 or less of released flies only.
When flies were released in trees at ca. 20m from the tree with
trap, % recovery was sharply reduced. The distance of attraction of protein extended to approximately 20m and it was significantly reduced at 40m. The attraction range of pheromone decreassed gradually but at approximately 80m it was still quite high.
The range of yellow trap practically did not exceed the limits
of the tree it was hung.

Résumé
Des études ont été conduites en ce qui concerne le calibrage, l'efficacité et la distance d'attraction de la mouche de l'olive avec le carbonate d'ammonium, la protéine Buminal®, la phrémone sexuelle femelle et
la couleur jaune, en Grèce (Kalamata) et en Italie (Sassari), du mois
d'avril jusqu'au mois de décembre 1981. Pour le calibrage, on a comparé
les captures des pièges avec les captures de 6 pièges de couleur jaune
par arbre, lesquels ont été utilisés comme standard. La proportion entre le piège à phrémone et le standard a été plus élevée que 1 au printemps et en automne. En été elle était très basse ou nulle. La proportion du piège à protéine était d'environ 1 au printemps et en été et
au-dessous de 1 en automne. La proportion du piège de couleur jaune ou
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de carbonate d'ammonium était toujours au-dessous de 1. Les pièges à
phrémone avaient récupéré le 1/4 et le 1/5 environ des mâles élevés en
milieu artificiel et lâchés respectivement sur le même arbre que le
piège en été et en automne. Les nombres correspondants pour la protéine
étaient 1/6 et 1/10 (pour les deux sexes), tandis que les pièges jaunes
et d'acétate d'ammonium avaient récupéré seulement le 1/40 environ ou
moins des mouches lâchées. Quand les mouches ont été lâchées à une distance d'environ 20 m de l'arbre qui porte le piège, le pourcentage de
récupération était sévèrement réduit. La distance de l'attraction de la
protéine qui s'étend approximativement à 20 m est, d'une manière significative, réduite à 40 m. Le pouvoir attractif de la phrémone diminue
graduellement selon la distance, mais elle reste encore assez importante
à 80 m environ de distance. Pour les Diëges de couleur jaune, ce pouvoir
ne dépasse pratiquement pas les limites de l'arbre où il est accroché.

1.

INTRODUCTION
In the recent years, under the philosophy of integrated control of insect pests considerable activity was directed on the development of trapping systems for fruit flies of economic importance. The effort was to develop efficient and if possible highly selective traps that could be used
for ecological studies and adult population estimates or even for masstrapping in control programs. In the olive fruit fly, Dacus oleae (Gmelin)
(Diptera, Tephritidae), the effort was directed to traps based on ammonium
salts, protein hydrolyzates, color and female pheromone lures. Priority
was given to the replacement of the long used McPhail (7) glass grap by a
cheaper and more practical one which would not require frequent service.
Along the above lines it was shown that when a rather high number of yellow
traps was hung per tree the crop was protected from high damage (3). In
other studies the data indicated that odor traps ( e.g. protein hydrolyzate)
are much more powerful than yellow traps, attracting flies from longer distance. When the combination of odor lure and color was tested, trap catches
were very high (2,5,8) and even one trap per tree produced good crop protection (2). Nevertheless, in years of small crop production and high population density the same traps of combined lures were unable to prevent high
infestation (2). It appears that a considerable degree of olive grove isolation is required for such traps to protect the crop effectively. When
sticky pheromone traps were used for 2 consecutive years in a mass-trapping
experiment, a significant reduction of fruit infestation was observed (6).
The female pheromone lure appears to attract males, at the time of the day
they are sexually active, stronger and from much longer distances than any
of the other odor or color traps. Since sticky material is usually used to
catch the flies attracted to the above traps, it should be noted that such
traps loose their effectiveness with time (1), due, among others, to accumulation of insect bodies and other debries on the trap surface.
The purpose of this collaborative research was to apply common experimental design in different countries in the study of some basic parameters
of trap effectiveness. That is, to study calibration (correlation of trap
catches to wild population, efficiency (% of the population trapped) and
range of attraction (distance), in ammonium salt, female pheromone, protein hydrolyzate and yellow color traps.
2.

MATERIALS AND METHODS
Continuous, flat olive groves with medium size trees were used in the
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Kalamata and Sassari regions in spring-fall of 1981. In Kalamata, the
traps and lures used were: a) Buminal protein 2%, borax 1.5% water solution
in McPhail glass trap, b) female pheromone blend in plastic vial on sticky
yellow trap, and c) yellow Rebell®sticky cross-trap. In Sassari, the traps
were: a) Ammonium carbonate salt added to the sticky material of clear
cross-trap, b) Buminal impregnated cotton wick fixed on clear sticky crosstrap, c) female pheromone impregnated rubber stopper fixed on clear sticky
cross-trap, and d) yellow Rebell sticky cross-trap. Artificially reared
flies for releases were produced at "Demokritos". They were air-mailed to
Sassari along with female sex pheromone produced by VIORYL S.A. in Athens.
At release, flies were 6-8 days old fed with adult syrop. They were released at the canopy-base center, at the end of the tree trunk. All traps
were placed in the center of the canopy except the yellow traps in the 10
and 20m test where they were hung at the canopy periphery facing the release tree.
3.

RESULTS AND DISCUSSION
The results of the above experiments showed that Buminal traps were
trapping high numbers of olive flies throughout the experiment, pheromone
traps were trapping very high numbers of males in spring and fall but were
inactive in summer, and yellow traps were trapping very low numbers in the
summer months and high in spring and fall. Ammonium carbonate traps showed low catches in summer and increased ones in fall, similar to those of
yellow trap. The pheromone trap was of reduced effectiveness in Sassari,
as compared to Kalamata, apparently due to the pheromone dispenser used
(rubber stopper in which it has been found to evaporate quickly). Comparatively, the increase of trap catches from summer to fall in the pheromone and yellow traps was impressive as compared to protein traps which did
not show substantial increase in catches. The sex ratio of flies trapped
in the above traps showed that yellow traps attract more males than females
while in ammonium carbonate and Buminal traps the opposite was true.
It should be noted that in Sassari, traps were usually catching much
higher absolute numbers of wild flies than in Kalamata, apparently due to
higher population densities. Also, it should be noted that up to October
the weather was very warm in Kalamata while this was not the case in Sassari. For these reasons, emphasis in the present study is given to comparisons between trapping systems in the same region than to absolute numbers.
For calibration, trap catches were compared to a standard of six yellow Rebell cross-traps per tree. In the protein trap the ratio fluctuated
around 1 while in the yellow trap it was always lower than 1, in spring
and summer, while in fall the ratio was much below 1 for both traps with
no apparent difference between them. The ratio in the pheromone trap in
Kalamata went up to 14/1 in spring and 3 /l in fall. In Sassari it was
always lower than 1 probably due to the pheromone dispenser used (rubber
stopper). The ratio in the ammonium carbonate trap was always much lower
than 1 (Figs 1,2,3,4). No relationship between the catches of the six
yellow traps and the actual tree population during the different seasons
has been established yet.
When the efficiency of the traps in recovering flies released at same
numbers per tree simultaneously in the tree with the trap and in the four
at ca. 20m cross-direction trees was studied, the results were as follows
(Table I). Up to 17,26 and 2% of flies released in the same with the trap
tree were recovered within 24 hours from release in the protein, pheromone
and yellow trap, respectively in summer. In fall the recovery was 9, 18
and 2%, respectively. For the flies released in the 4 cross-direction
trees at approximately 20m from the tree with the trap, the respective
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recovery values were 5, 6 and 0.1% in summer and 3, 12 and 0.4% in fall.
Percent recovery during days 28 from release was usually much lower than
recovery during 24 hours from release.
When trap catches at different distances from a release point were
studied 24 hours after release the following results were obtained (Table
Π ) . The range of attraction of protein extended to approximately 20m while
recovery at 40m was significantly reduced. The range of pheromone decreas
ed gradually with distance but at approximately 80m it was still quite high.
The yellow trap did not exercise much attraction to flies located in trees
other than that with the trap, especially in the summer. Similar results
were obtained for the ammonium carbonate trap. It appears that the techni
que to apply the ammonium salt on the sticky material results to inferior
effectiveness than that of traps provided with water solution of the salt.
REFERENCES
1. CIRIO, U., VITA, G., GENTILI, P.A. e CECCHINI, G. (1979). Confronto
tra cinque tipi di trappole cromotropiche per la catture degli adulti
di Dacus oleae (Gmel.) (Diptera, Trypetidae). Publicazione n. 583
della Divisione RAD/APPL, CNEN/CSN, Casacci a, Romal Italia: 243254.
2.
DELRI0, G. (1982). Esperienze di lotta integrata in olivicoltura in
Sardegna, ìr± proceedings of C.E.C, meeting on "Etat d'Avancement des
. Travaux et Echange d'Informations sur les Problèmes Pose's par la Lutte
Integre'e en Oléiculture", Antibes, France, Nov. 1981: 7385.
3. EC0N0M0P0UL0S, A.P. (1977). Controlling Dacus oleae by fluorescent
yellow traps. Ent. exp. appi. 22:183190.
4.
ECONOMOPOULOS, A.P. (1979). Attraction of Dacus oleae (Gmelin) (Dipte
ra, Tephritidae) to odor and color traps. Ζ. ang. Ent. 88:9097.
5. ECONOMOPOULOS, A.P. (1982). Present status of olive fruit fly control
by yellow traps and SIRM in Greece. Trapping of the fly by yellow
traps combined with odor lures. JJT^ proceedings of C.E.C, meeting on
"Etat d'Avancement des Travaux et Echange d'Informations sur les Pro
blèmes Pose's par la Lutte Integre'e on Oléiculture", Antibes, France,
Nov. 1981:8694.
6.
HANI0TAKIS, G.E., MAZ0MEN0S, B .E. and HARDAKIS, I.M. (1982). Monitor
ing and control of the olive fruit fly with pheromone traps. Ijl
proceedings of C.E.C, meeting on "Etat d'Avancement des Travaux et
Echange d'Informations sur les Problèmes Pose's par la Lutte Intégrée
on Oléiculture", Antibes, France, Nov. 1981:4660.
7. MCPHAIL, M. (1937). Relation of time of day, temperature and evapora
tion to attractiveness of fermenting sugar solution to Mexican fruit
fly. J. Econ. Entomol. 30:793799.
8. VITA, G. (1982). Relazione conclusiva su cinque anni di esperienze
sui mezzi di cattura degli adulti della mosca olearia. Publicazione
n. 5 della Divisione Tecnologie B iologiche e Agrarie del CNEN/CSN,
Casaccia, Roma, Italia: 305313.

468

o
o

ooo

o
o
o

·

•

o

a

#

o

°
· ·
o

o

·—Τ7.ΤΓ-1—777Γ.—I—rrr.
APR
MAY JUN
JUL
Fig.

!°·ββ
1—f!.~ *l°^>:—I—τττ^—I—° ., 1°
AUG SEP O CT
NO V DEC

1  Ratio of flies trapped in yellow (·) or Buminal (o) traps over
flies trapped in the 6yellowtrap trees inKalamata, Greece.

2,0
1,8
1,6
1.4

O

o
o

11,0

κ

o
o
o

0,8
0,6

o

o

j

o

o

o
O

O

0,4

o

0,2
0

JUN

JUL

AU
G

SEP

o
I

•

S*·
OCT

oI

8

?_ .„.. I P·
NOV
DEC

Fig. 2  Ratio of flies trapped in yellow (t) or Buminal (o) traps over
flies trapped in the 6yellowtrap trees in Sassari, I taly.

469

30

20

<
cc

10

■ MB ■!■ ■ ■
APR

Fig.

MAY

JUN

JUL

AUG

SEPT

+

OCT

NOV

DEC

3 - Ratio of lies trapped in pheromone traps over flies trapped in the

6-yellow-trap trees in Kalamata, Greece.

J UN

Fig. 4

JUL

AUG

SEP

OCT

NOV

DBC

Ratio of flies trapped in pheromone ( ■ ) or ammonium carbonate ( □ )
traps over flies trapped in the 6-yellow-trap trees in Sassari,
Italy.
470

Table I.

Percent recovery of olive fruit flies in traps with visual and olfactory lures. Flies released
in the tree where the trap was hung and in the 4, cross-direction, 2nd tree line from tree with
trap, trees.

Release period
Summer
Κ

Days after
release

Distance

S

July 23

July 23/26

1
2-8

0
20
0
20

% recovery

Flies release
per tree3

Κ
S
104 200/100b

Y

Ρ
Κ
S
S
17.20 7.0 25.60 3.66
Β

κ

S

Κ

AC
S

2.20

1.87

II

II

2.33

0.08

0.25

4.90

2.71

6.40

2.08

0.33

II

II

0.0

0.12

0.80

1.20

1.60

2.66

0.33

II

II

0.30

0.40

5.90

3.03

3.50

1.16

0.16

0
20

210

100

1.20

2.25

9.0

5.50 18.40

7.66

3.33

II

II

0.40

0.18

3.10

2.87 12.20

3.91

0.25

0
20

II

II

0.0

0.25

0.10

0.75

3.50

4.33

0.0

II

II

0.05

0.31

0.40

2.93

8.70

1.50

0.08

Fall
Oct.7

Oct. 26/28

1

2-8
a

Flies released in the tree where the trap was hung (0m) and in the 4 cross-direction, 2nd tree-line from
tree with trap, trees (20m). Flies marked with 2 different colors.
200 flies released in Y and Β and 100 in Ρ and AC tests. In all tests, artificially reared flies were
released except the summer tests in Sassari where wild flies were released.
For additional symbol explanations, please, turn to Table 1.

Table IT. Percent recovery of olive fruit flies in traps with visual or olfactory lures, Traps placed in olive
trees at various distances around the release tree.
Release period
Summer
Kc
S
July 22 June 23/26

Approx. d
distance
(m)
0
10
20
40

Released flies

% recovery within 24 hrs from release
—Z5
;;
—

300e

390

0.92
0.08

1.88
1.64
0.04

10.32
8.00
6.88

5.22
9.32
7.64
2.64

11.60
11.20
20.80

1.55
9.52
9.44
1.44

AC
3.77
1.76
1.08
0.0

Fall
0
210
250/200T
3.80
3.81
2.70
3.58
6.33
0.83
33.30
350
10
8.52
9.68
0.92
1.08
1.16
47.60 16.16
20
5.32
9.08
0.52
0.48
14.16
0.16
27.20
2.80
40
3.28
6.80
0.0
34.40
1.92
80
800
15.20
One trap in 0m, 4 in 10 and 20m, and 8 in 40 and 80m distance from release point. Percent recovery for Ρ
refers to males only.
Y=yellow, B=Buminal, P=pheromone, AC=amrnonium carbonate trap.
K=Kalamata region in Greece, S=Sassari in Italy.
In Kalamata, 6 replications were run in all distances tested except the 80m where one replication was run
only. In Sassari, 3-4 replications were run in all distances.
In all tests, artificially reared flies were released except the summer tests in Sassari where wild flies
were released.
Total no.of released flies shown (both sexes at ca. 1/1 ratio).
250 flies released in Y and B and 200 in Ρ and AC tests.

Oct. 7 Oct. 25/28
■Ft

to

Preliminary evaluation of the use of a combined 'Prokoboll'
sex pheromone trap for Dacus oleae (Gmel.)
G.FIORI, C. RICCI & E.BALLATORI
Inst. Agricultural Entomology & Inst. Statistics, Perugia University, Italy

Summary
Log-linear models were used in the olive growing/area of
Follonica (Central Italy) from 20/7 to 28/9/82 to compare
the effectiveness of three types of traps : "Prokoboll" ,
"Prokoboll" with pheromone on the outward face and "Proko
boll" on the inward face, as well as information on adult
population dynamics of Dacus oleae (Gmel.). It was proved
that pheromone baited traps were significantly superior
to simple "Prokoboll" traps and the total number of cat
ches seems to be practically the same when pheromone is
on the outward and inward face. The inward face catches
decidedly more than the outside one and obviously more ma
les than females were caught. Proportional to total cat
ches for each face, the sex ratio (F/M) is generally high
er on the outward face than on the inward one. Proportio
nal to the number of adult catches, using both types of
trap, adult catches are often greater in traps with phero
mone on the outward face than those with pheromone on the
inward one.

Resume
Ce travail a mis en évidence que, pendant la période de l'observation
(20 juillet/28 septembre en Italie centrale), les pièges à phéromone
présentent une capacité de capture bien plus efficace que les simples
pièges "Prokoboll", tandis que, par rapport au nombre total, il semble
que l'apposition de phéromone sur la face intérieure et sur la face
extérieure soit presque équivalente; de plus la face intérieure du piège a une efficacité de capture nettement supérieure à celle de la face
extérieure, et, évidemment, on a capturé plus de mâles que de femelles.
Le rapport du nombre d'adultes capturés par la face intérieure et la
face extérieure, a parité de nombre d'adultes capturés par les deux types de piège, est plus souvent supérieur dans les pièges à phéromone
mis sur la face extérieure que dans les pièges à phéromone mis sur la
face intérieure.
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1. INTRODUCTION
Numerous studies have been carried out on ways of monito
ring Dacus oleae (Gmel.) to obtain better information on the
fly population dynamics. Coloured traps have been most studied
and in particular various aspects of these such as, colour,
position on the tree canopy, catch capacity compared with
other types of trap, their combination with odourous substaii
ces (compare, e.g. , 1,2 5 7)· Observations on a combination of
coloured traps with a pheromone mixture (3) delta traps with
pheromone (5) and vertical yellow traps with pheromone (4)
are very interesting. Our research on Dacus oleae (Gmel.) car
ried out in the olive growing area of coastal Follonica (Cen_
tral Italy) studied the effectiveness of "Prokoboll" traps
with and without 1,7-dioxaspiro -5,5 undecano pheromone.
2. MATERIALS AND METHODS
The experiment was conducted in a partly hilly, partly
level, 6 hectare regularly spaced olive-grove in the coastal
Follonica (Central Italy) olive growing zone, approximately 2
km from the coast. The cultivars , all for oil were: Frantoio,
Leccino and Moraiolo. In this grove six plots of 40 plants
were chosen and in each plot the Frantoio cultivar, fairly
homogenous in volume , production and presence of Saissetia
oleae (Oliv.) were chosen. On three of these a "Prokoboll"
card was placed tangently to the canopy at medium height on
the southern side. Then 1,7 dioxaspiro-5,5 undecano pheromone
was randomly applied to the three "Prokobolls" as follows:
1. No pheromone (TCI)
2. Pheromone on outward face (TC2)
3. Pheromone on inward face (TC3)
We used 20 ill pheromone injected by dispenser into a re
versable rubber cap insert into a hole in the centre oí' the
traps with one cap opening away from the canopy and one open_
ing towards it.
The "Prokobolls" and pheromone were replaced weekly. The
Dacus oleae (Gmel.) adult catches were separated for sex,plant,
trap face and type of experiment. Results for the first 10
weeks of observation are given. Weekly analyses were done using
log-linear models , assuming as dependent variable the number
of adults of each sex caught on each side of the trap, for all
three modes of pheromone application (TCl=absent, TC2=on out
ward face, TC3=on inward face). The factors, type of experiment
at three levels, sex at two levels (M and F ) , trap face at two
levels (0 and I) were considered as well as all secondary inter
actions between the factors. The multiple regression technique,
where principal effects and interactions are represented with
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dummy variables in numbers equal to the corresponding degrees
of freedom, was used. This enabled calculating G-tests values
for analysis of deviance and t-tests for partial regression
coefficients.
3. RESULTS
Tables I and II give respectively G-test values relative
to the principal effects and interactions and t-test values
for significance of contrasts between factor and interaction
levels. Findings from these analyses results were as follows.
3.1 Type of trap
Fig. 1 shows the course of the mean number of adult cat_
ches for both sexes using the three types of trap. The total
number of catches always varies significantly (P^O.001) accor
ding to type of trap. Two orthogonal contrasts:
Tl = TC3 - TC2
T2 = TC3 - 2TC1 + TC2
were used to evaluate the significance of the influence of
such factors on the dependent variable. The first makes it
possible to evidence it the two pheromone traps differ in ef
ficiency. The second if the number of catches using "Prokoboll"
alone differs from the geometric mean (log-linear models) of
the two traps with pheromone. Examining the values of t-tests,
relative to these contrasts you can see that the effectiveness
of the two traps, as regards total catches, is practically the
same whereas the mean effectiveness of catches by traps with
pheromone is decidedly superior to simple "Prokoboll" traps.
3.2 Trap faces
The inward (I) face of traps was much more effective than
the outward (0) face. This confirms what has already been ob_
served elsewhere in all preceeding studies (compare e.g. 4, 1 ) .
3.3 Sex
As expected, due to presence of female pheromone on two
of the three types of trap, more males (M) than females (F)
were captured. The difference was significant for all weeks
at the l%o level.
3. 4 Sex X trap face
To e v i d e n c e whether the sex ratio is different on the two
sides of each trap we predisposed the ( F - M ) (0-1) contrast.
The corresponding t-test was significant in six of the 10
weeks observed and was more often positive (5th, 6th, 7th,
10th week) than negative (4th, 9th week). When positive we may
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conclude that, proportional to total catches one each side of
the traps the sex ratio (F/M) is generally higher on the out
ward face than on the inward one.
3.5 Type of trap X face
The course of the mean number of adult catches on each
face of every tipe of trap is given in Fig. 2 (do) and in
Fig. 3 (oo). We used the two orthogonal contrasts:
TP1 = (T5S - TC2) (0 - I)
TP2 = (TC3 - 2TC1 + TC2) (0 - I)
to prove if the catch effectiveness of the two faces is dif_
ferent in the three experiments.
The t-tests , relative to the first contrast show signi^
ficant values, prevalently positive, in 5 out of 10 weeks.
Proportional to total catches in each of the two types of phe
romone traps (TC3 and TC2) the ratio between adult catches on
the inward face and those on the outward face (I/O) is greater
in traps with pheromone on the outward face (TC3). In other
words, for many weeks, proportional to number of adult catches
on both types of pheromone traps , when the pheromone is on the
outward face then the inward face catches more adults than
when pheromone is on the inward face itself. We believe this
could be because the male Dacus oleae (Gmel.) in proximity to
the trap is more influenced by chromotropic attraction than
the pheromonic.
The t-tests relative to the second contrast show a sign¿
ficant interaction effect only in the second half of the obser
vation period. During the extreme weeks (6th, 9th, 10th) we
only got negative results, so that proportional to total cat_
ches by traps with or without pheromone , in the first the
ratio between number of catches by inward face and outward
face is higher than that observed in traps without pheromone.
Instead during the intermediate weeks (7th, 8th) the t-tests
were positive. Observations conducted over a longer period
could shed light on the tendency of these interesting aspects
which are still not completely clear.
3.6 Type of trap X sex
The number by sex of the adult catches can differ for the
three types of trap, the t-tests using the orthogonal con
trasts :
TS1 = (TC3 - TC2) (F - M)
TS2 = (TC3 - 2TC1 + TC2) (F - M)
show an interaction effect which is always negative and signi^
ficant for the second contrast and somewhat uncertain for the
first. The negative values of t-tests in the second contrast
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is obvious since the pheromone is female. The sex ratio (F/M)
for catches is not as high in the pheromone traps as in the
other ones. Instead in the first contrast the uncertainty of
results in those 4 weeks when the t-tests were significant
(positive in 2, negative in 2) lead us to believe the sex ra
tio in catches obtained using the two types of pheromone traps
is equal.
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Tab. I  Analyses of variance by loglinear models for number of catches per trap,
Factors: type of trap, sex, position. Gtest values and corresponding degrees of
freedom.
Type of trap
(T)
Date

2027/VII
27/VII3/VIII
310/VIII
1017/VIII
»si

00

1724/VIII
2431/VIII
31/VIII7/IX
714/IX
1421/iX
2128/IX

(2 d.f.)
86.1
o . ool
268.3
o . ool
153. 5
o . ool
127.6
o . ool
251.0
o . ool
841.0
o . ool
418.0
o. ool
399.0
o . ool
68.0
o . ool
428.0
o . ool

P r i n c i p a l Effects

Sex (S)
trap face (P)
(1 d.f.)
(1 d.f.)
52. 7
o . ool
34. 0
o . ool
0. 2
123.7
o . ool
580.1
o . ool
1068.0
o . ool
1123.0
o . ool
544.0
o . ool
905.6
o . ool
2065.0
o. ool

263. 9
o . ool
294.5
o . ool
209.0
o . ool
188.7
o . ool
382. 8
o . ool
1241.8
o .ool
1254.0
o .ool
918. 9
o . ool
197. 7
o . ool
1200.0
o . ool

Interaction
S Χ Ρ
(1 d.f.)

Τ Χ Ρ
(1 d.f.)

1. 5

118.0
o . ool

0.00

89 . 5
o . ool
7. 7
o .o25

2. 6
4. 3
o . o5

9.3
o . oo5
16.1
o . ool

5.0
o . o5
6. 5
o .o25

2.4
109. 2
o . ool

31.o
o . ool
5. 7
32. 3
o . ool
13.0
o . oo5
18. 3
o . ol
13. 9
o . ool
83. 9
o . ool

Τ X S

(1 d.f.)
22 .6
o . ool
43. 6
o . ool
40.4
o . ool
27.2
o . ool
42. 5
o . ool
107.4
o . ool
225.0
o . ool
97. 4
o . ool
33. 5
o . ool
236. 3
o . ool

Tab.

II - t-tests w i t h62 d.f. for orthogonal
levels for weekly c a t c h e s .
?ype of trap

Date

(T)

TC3-TC2) : T C 3 - 2 T C 1
+ TC2 )

20-27/VII

-0.59

27/VII3/VIII
3-10/VIII

- 0 . 75
-0.47

,33
, oo5
,16
, ooi

,04

Trap faci Sex (S)
(Ρ)
(F - M )
(.9-1)

-4.14
o . ooi
- 2 . 73
o . ol
- 1 . 29

, ooi
10-17/VII
co

17-24/VIi:
24-31/VIi:
31/VIII7/IX
7-14/IX
14-21/IX
21-28/IX

4. 88
o . ooi
- 0 . 99
5.95
o .ooi
-3.41
o . oo5
-0.34
■44.57
o .ooi
-1.52

,04
, ooi
43
, ooi
1 3 . 85
o . ooi
11.05
o . ooi
1 3 . 39
o . ooi
1. 32
5. 53
o . ooi

contrasts

-9.57
o . ooi
-15.27
o . ooi
-19.34
o . ooi
-25.71
o . ooi
-20.31
o . ooi
-25. 79
o . ooi
-30.63
o . ooi

-11 81
o ooi
-9 04
o ooi
8. 80
o . ooi
9. 67
o . ooi
- 9 . 21
o . ooi
-18.39
o . ooi
-24.87
o . ooi
-23.26
o . ooi
-10.40
o . ooi
-16.12
o . ooi

S Χ Ρ
(F-M)
(0-1)

1. 86
-0. 45
- 0 . 82
36
o25
70
ooi
25
oo5
14
oo5
06
o5
12
8.27
o . ooi

between

factors

and

interaction

Τ Χ Ρ
Τ X S
( T C 3 - T C 2 ) (TC3-2TC1 (TC3-TC2 )( TC3-2TC1
+TC2)(F+ T C2 H 0-1 ( F - M )
(O-I)
M)
10.05
o . ooi
8. 95
o . ooi
1. 78
.48
, ooi
, 48
,34
, ooi
, 80
-3.11
o . ol

0.16
1.06

0. 62
-1. 82
1. 58
-0. 2
-1.14

00
oo5
02
ooi
47
o25
59
ooi
41
ooi

-1.46
-0.1

56
ooi
37
o25
24
o5
24

2.28
o . o5
0. 70
0. 37
-0.90

-4 , 77
o , ooi
- 0 . 70
o . ooi

-5, 41
o ,ooi
-4, 86
o ooi
-0, 32
o ,ooi
-10.76
o . ooi
-14.99
o . ooi
-10.03
o . ooi
- 5 . 75
o . ooi
-15.59
o . ooi
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2  Mean number of males caught on outward faces (left) and inward faces (right) by
"Prokoboll" traps with or without pheromone. Coastal Follonica (Central Italy),
20/7  19/10/82.
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Dynamique de population du Dacus oleae Gmel. en Sicile
P.GENDUSO
Osservatorio per le Malattie delle piante, Palermo, Italy

Summary  The captures of Dacus in different biotopes of
Sicily are reported and compared using Mac Phail, cromo
tropic and pheromone traps and insecticides.
Dacus adults are present every year but with a remarka
ble reduction of populations from March to Hay.
The results of the research are also discussed in the
context of arriving at a threshold for integrated con
trol.
La nécessité d'approfondir les connaissances bioéthologi
ques et écologiques du Dacus oleae Gmel. et, tout spéciale
ment celles sur la dynamique de population et sur l'évalua
tion des dégâts, a suscité beaucoup d'intérêt de la part des
rechercheurs à ce sujet. Les travaux concernants la méthodo
logie des captures des adultes par des moyens physiques et
chimiques (olfactifs, alimentaires et sexuels) sont aujour
d'hui très nombreux, mais éparpillés dans plusieurs revues et
dans des actes de réunions "ad hoc", souvent non publiés et
conduits dans certains cas avec des méthodologies non compa
rables et telles qui elles nous rendent très difficile une
synthèse bibliographique.
Le plus grand ou le moins grand pouvoir d'attraction des piè
ges a une importance limitée si l'on trouve une relation en
tre les captures de façon à pouvoir évaluer l'importance de
la population.
En 1971 nous avons comparé l'efficacité dee gobemouches Me
Phail au phosphate biammonique et celle des pièges chromotro
piques (Boller) de cm 12 χ 15.
L'épreuve conduite dans les oliviers de Cefalù(Palerme)le
long de la côte sicilienne de la mer Tyrrhenienne avec 30 piè
ges de chaque type a démontré une bonne attraction de tous les
deux, avec une plus grande quantité des captures Me Phail (639ε
contre 37# des chromotropiques).
On a remarqué aussi que ce pourcentage était constant soit
dans les plantes à une faible production, soit dans les plan
tes à une production élevée, dans ces dernières les captures
étaient à peu près 1/3 de plus par rapport aux premières.
Il faut relever que l'année 1971 a été caractérisée par d'a
bondantes précipitations estivales et par des températures
CEC / IOBC Symposium /A thens / Nov. 1982
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pas élevées (la maz. était 33°C).
En 1975» nous avons des données plus complètes, les captures
ont été si limitées avec les pièges chromotropiques qu'il
n'est pas possible de faire une comparaison avec les Me
Phail(fig.l).
Les années suivantes nous avons obtenu des données analogues,
soit avec des pièges chromotropiques Boller soit avec des
pièges Rebell à la suite des expériences faites pour d'autres
buts et dans d'autres localités.
Pendant les trois dernières années nous avons comparé encore
les captures avec le nombre des insectes tués au moyen de
pulverisation de pyrèthroides et en 1982 nous avons essayé
encore les pièges à la phèromone que nous a fournies la Maison Montedison et aussi avec d'autres pièges fournies par
l'Université de Southampton (Angleterre), qui joignent l'attraction physique et chimique.
Pour ces expériences nous avons employé soit des pièges en
carton plastifié soit une sorte de piège que nous avons construite en métal, la partie supérieure à 2 pentes et à la
base il y a un petit carton plastifié qui roule entre deux
voies, ce petit carton englué, contient la capsule avec la
phèromone. Cette piège est très résistante aux mauvaises conditions atmosphériques et il est possible aussi d'emporter
et de remplacer le petit carton pour l'observer au laboratoire.
Le prix élevé compense la longue durée. La phèromone a été
remplacée chaque mois environ.
En 1980 nous avons conduit les recherches à Cefalù(Palerme).
L'année a été caractérisée par des températures élevées à
partir de la fin de juin au mois de septembre, les maximales
entre 31 et 42°C.
Les captures(fig.2)avec Me Phail ont été nombreuses à trois
pointes:à la moitié de juillet, à la fin d'août et à la moitié d'octobre; au contraire avec les pièges chromotropiques
elles ont été très faibles.
Le nombre des adultes capturés par la pulverisation dans 6
oliviers(3 par ha.)nous a démontré une relation avec les captures dans les Me Phail.
L'infestation qui a été faible jusqu'au mois de septembre est
augmentée graduellement pendant le mois d'octobre.
En 1981, année caractérisée par des températures moins élevées(maximale 33°C)avec une moyenne entre 27 et 28°C, nous
avons observé des captures plus nombreuses en relation avec
les adultes capturés par la pulverisation(fig.3).
L'année 1982 a été caractérisée par des températures très élevées(max.44°C) et par la sécheresse.
Lee essais se proposaient de comparer les pièges à phèromone
avec les Me Phail en 4 divers biotopes:
1 à Cefalù(Palerme)dans la même olivette des années préceden484

tes, 1 à Alcamo(Trapani)environ 200 m au dessus du niveau de
la mer, 2 à Castelvetrano(Trapani)où la production typique
est l'olivier de table.
Les deux biotopes sont limitrophes et séparés par un petit
chemin.
La production d'un biotope était faible, l'autre biotope avait une production normale.
A Cefalù les captures ont été limitées(fig.4). Les pièges au
spiroacetale et chromotropiques en même temps ont été efficaces et nous ont démontré trois maximum de captures: à la moitié de septembre, à la moitié d'octobre et à la fin d'octobre.
Les pièges Me Phail ont démontré une augmentation des captures en relation à l'augmentation de 1'infestation.
Dans le biotope d'Alcamo(fig.5), les captures ont été très
faibles en relation à la faible infestation.
A Castelvetrano les captures ont été plus élevées dans les
biotopes les plus productifs et seulement avec les Me Phail
malgré trois pulverisations(fig.6 et 7 ) .
Après les différentes années d'expérimentation en Sicile sur
l'efficacité des pièges, nous pouvons constater:
-Une efficacité remarquable avec les gobe-mouches Me Phail au
phosphate biammonique. Cette donnée correspond aux données
obtenues dans la province de Catania par l'Istituto Sperimentale per l'Olivicoltura et par l'Istituto di Entomologia
agraria dell'Università di Catania. Il est pourtant probable
que les résultats obtenus dans les autres régions d'Italie,
ou l'on a rélevé une efficacité plus remarquable des pièges
chromotropiques sont à attribuer aux différences écologiques
et surtout climatiques.
-On a obtenu au moyen des captures un pourcentage plus élevé
de femelles(55-60$ par rapport aux mâles)en particulier pendant l'hiver.
-Grâce aux pièges Me Phail et à la pulvérisation on peut confirmer la présence des adultes de Dacus pendant toute l'année avec une remarquable reduction de Mars à Mai.
-Actuellement et dans l'attente d'élaborer du point de vue de
la statistique les données obtenues pendant dix ans, il ne
nous semble pas possible de fixer la seuil d'intervention
contre Dacus oleae en se rapportant seulement au nombre des
captures par les pièges; cependant les données sont utiles
pour connaître la période de maturité sexuelle en disséquant
les femelles.
-Les différents résultats obtenus avec les pièges sexuelles
dans trois biotopes limités à une seule année et par des conditions météorologiques particulières ne consentent pas d'exprimer une opinion.
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INFESTATION

Pièges visuels pour lutte biotechnique et prévision négative de la mouche
de la cerise, Rhagoletis cerasi L.
U.REMUND & E.F.BOLLER
Station Fédérale de Recherches en Arboriculture, Viticulture et Horticulture, Wädenswil, Suisse

Abstract
The visual REBELII fruit fly trap is utilized at 3 levels of application: - the single tree/garden situation, - the commercial farm, and the regional level. Biotechnical· control is recommended for backyard situation and for farms with 'biological' cherry production by
using 1-8 crossed REBELL wing traps per tree. The effectiveness of
biotechnical control is sufficient to suppress the cherry fruit fly
populations and infestation rates below the k% level accepted by the
market.
The use of REBELL® traps for forecasting purposes with 1 trap per
groups of 5~20 trees at the farm or regional level allows the
implementation of an alternating control strategy. Tolerance levels
are now available that indicate no-risk situations. Over 3'000 tons
of table cherries were produced in 1982 (10-15$ of the total cherry
production) without application of insecticides.
Experiences gained over several years indicate that most cherry
orchards do not need insecticidal treatments every second year
(alternating control) - a period that could be extended up to 7 and
even more years in isolated situations.

INTRODUCTION
La lutte biotechnique et la prévision négative de la mouche de la
cerise, Rhagoletis cerasi L. se basent sur le piège visuel REBELL qui est
utilisé comme indicateur de l'intensité du vol (prévision négative) et
comme instrument dans la lutte directe contre ce ravageur. La lutte biotechnique à l'aide de pièges est recommandée en Suisse pour jardins
familiaux, et la prévision négative au niveau des exploitations agricoles
(l,2,3,O. La description technique du piège a été publiée en 1978 par
Remund et Boller (2).
Les pièges REBELL® disponibles en unités de vente de l6 pièges avec
couche de colle sont prêts à l'usage. Les éléments sont englués
méchaniquement avec 6-8 g de colle TANGLE TRAP. Ce travail est exécuté par
des ateliers pour handicapés en Suisse. Le prix de vente au détail revient
à environ Frs. 1 8 . — par unité de vente (l Frs. = US $ 0.^7)· Un paquet
suffit pour la lutte directe de 2 à h arbres, ou en prévision négative pour
un verger comptant Uo à 80 cerisiers.
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LUTTE BIOTECHNIQUE
La lutte biotechnique à l'aide de pièges est recommandée aux arboriculteurs non professionnels, pour les jardins familiaux et les arboriculteurs utilisant des méthodes de production 'biologique'. L'installation
des pièges s'effectue au début du vol du ravageur selon les avertissements
officiels. Il suffit de placer 1 à 8 pièges croisés dans la partie ouestsud-est de l'arbre. Le nombre de pièges dépend de la grandeur de l'arbre
et du danger potentiel, soit de l'intensité probable du vol. En cas de
prévision d'une récolte de cerises plutôt faible, le danger augmente et
davantage de pièges sont nécessaires.
La lutte directe à l'aide de pièges garantit d'excellents résultats
si les facteurs suivants sont pris en considération:
- le nombre de pièges par arbre doit être suffisant
(1 à 8 pièges croisés)
- l'installation des pièges doit s'effectuer assez tôt dans la saison
(au début du vol)
- la population des mouches ne doit pas être trop élevée
- la possibilité de migration sur les arbres voisins non traités
constitue un risque supplémentaire
- la cueillette des cerises doit s'effectuer assez tôt et
intégralement
- la lutte au moyen de pièges doit être répétée chaque année.
Nous avons observé une augmentation continuelle de l'emploi de ces
pièges en lutte directe. 5 à 10$ des cerises provenant de jardins familiaux
ont été produits de cette manière en 1982 en Suisse. Cela correspond à 3000
unités de vente utilisées pour environ 6'000 arbres (600 tonnes de cerises
de table). L'efficacité de cette méthode de lutte varie entre environ 50
et 99$. Elle est en général inférieure au traitement chimique (Formothion
ou Diméthoate) mais elle permet une production de fruits sans résidus de
pesticides.

PREVISION NEGATIVE
La prévision négative à l'aide d'un piège croisé par groupe de 5 à 20
arbres permet l'introduction du principe de la lutte alternante, soit un
traitement chimique tous les deux ans, ou en. intervalles encore plus
espacés selon les observations de l'intensité du vol. L'installation des
pièges s'effectue dans la partie sud de l'arbre, à hauteur d'homme, au
début du vol du ravageur. Puis on attend le début du rougissement des
premières cerises mi-tardives. Ce moment correspond au dernier délai pour
l'application des produits systémiques (Diméthoate, Formothion): trois
semaines avant la récolte (délai d'attente). On contrôle les pièges
installés et on compte le nombre de mouches (mâles et femelles) par piège.
Le nombre moyen est ensuite comparé avec le seuil de tolérance (tableau l ) .
Si la moyenne trouvée est inférieure ou juste au niveau du seuil, un
traitement sera donc inutile. Si le seuil est dépassé, on prend obligatoirement des mesures de lutte. Pour les variétés tardives on procède de
la même façon environ 10 jours plus tard.
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Asticot dans une cerise

Prévision négative: 1 piège/5 à 20 cerisiers

Lutte biotechnique : 1 a 8 pièges par cerisier

TABLEAU 1

Seuil de tolérance pour la prévision négative au niveau des
exploitations (le nombre de mouches indiqué correspond au
maximum toléré au moment de la décision, soit trois semaines
avant la récolte (délai d'attente pour les produits Diméthoate
ou Formothion en Suisse).

Variétés

Prévision de récolte
très bonne
moyenne

mitardives
tardives

1.0
0.5

0.5
0.25

faible
0
0

Les seuils de tolérance dépendent de la précocité des variétés et de
la prévision de récolte: les variétés précoces ne demandent aucune lutte,
les variétés mitardives sont en général moins attaquées par le ravageur
que les tardives. Par contre une prévision de récolte permet de prendre en
considération le danger potentiel. Une bonne récolte prévue provoque une
infestation (mesurée en pourcentage) inférieure comparée à une situation
avec peu de cerises, cellesci étant exposées à une population de mouches
plus ou moins identiques.
Quelles sont les expériences faites dans la pratique avec cette
méthode? Le tableau 2 contient les résultats obtenus dans 6 exploitations
pilotes de 1976 à 1982 sous diverses conditions climatiques en Suisse
orientale. Le pourcentage des traitements évités entre 1976 et 1982 des
variétés mitardives a atteint 7133$ (variation lk100% selon
l'exploitation). Ce chiffre atteignait 6l.8% (variation 2986?) pour les
variétés tardives dans les mêmes exploitations.

TABLEAU 2

Prévision négative â l'aide de pièges visuels. Mesures de
lutte contre la mouche de la cerise entre 1976 et 1982 dans
6 exploitations pilotes.

Exploitations

Variétés

A n n é e
76

77

mitardives
tardives
mitardives
tardives
mi-tardives




-




-

tardives
mi-tardives
tardives
mi-tardives
tardives
mi-tardives
tardives

t
t
t
t
t
t

t
t
t
t
t
t

78

79

80

81







t
t
t





t
t
-

t
t

t
-

t
- ' t
t
t
t
t
-

82


-

t
t

Pourcentage de
traitements
evites
ioO
57
ιού
86
86

71
71
71
57
57
lit
29

sans traitement insecticide (seuil de tolérance non atteint)
traitement insecticide (seuil de tolérance atteint ou dépassé)
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Cette méthode s'est tien établie au niveau de la production des
cerises de table en Suisse: Plus de 3'000 tonnes ont été produites en 1982
sans application d'insecticides. Les expériences faites les années
précédentes indiquent qu'un haut pourcentage de vergers de cerisiers a
besoin d'un traitement insecticide que tous les deux ans (lutte alternante),
besoin d'un traitement insecticide tous les deux ans (lutte alternante).
Cette période peut s'espacer sous des conditions favorables jusqu'à 7 ans
(exploitations A et B ) .
Les frais de production causés par la lutte contre la mouche de la
cerise s'élèvent actuellement entre Frs. l.Uo et 2 . — (US $ 0.65 - 0.91*)
par arbre et année en prévision négative à l'aide de pièges. Un traitement
insecticide en lutte conventioneile par contre coûte dans les Frs. 2 . —
(US $ 0.5U). Grâce à l'économie des insecticides il est possible de
financer les pièges et la main-d'oeuvre en prévision négative.
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Field cage evaluations of the male sex pheromone
(Methyl (E)6nonenoate) of the Mediterranean fruit fly
(Ceratitis capitata Wied.)
A.ZÜMREOGLU
Plant Protection Research Institute, BornovaIzmir, Turkey

Summary
At the end of several tests on laboratory reared C. capitata popula
tion, Methl (E)6nonenoate seemed more attractive than Trunedlure
according to both independent tests and total evaluation. However,
this was not statistically significant. The male sex pheromone
captured more males than females. At the end of the 8th day of the
flies, however, the population of females was higher than that of
males probably due to the capture of males by Trimedlure.
1.1 Introduction
It was first reported in 1959 that sexually mature Mediterranean fruit
fly (Ceratitis capitata Wied.) males attract mature virgin females by
releasing highly volatile and odorous pheromone that originates in the
glands of the last abdominal segment (1). This pheromon was then collec
ted by air condensation, separated in pure form and identified as Methyl
(E)6nonenoate (ester) or shortly MEN and (E)6nonenlol (alcohol)
(3). When these pure forms were tested either separately or in combina
tion, it was found that they were attractive to females under the labora
tory conditions. It was also found that fieldcage attraction required a
combination of phercmones and certain acids which are produced by the
males. Further experiments conducted on the combination of the fifty
acids and previously identified pheromones were bioassayed for attraction
to virgin females in the outdoor olfactometer (4). In the field, the
complete synthetic pheromone was found highly attractive to males, but
generally unattractive to females. Although these authors reported some
possibilities, they were not able to give any solid explanation for these
anomalous results (5).
In this study, the ester form (MEN) of the pheromone was tested against
the Trimedlure. The main difference of the method employed in this study
from the previous researches, was to determine the effect of MEN without
taking into consideration the natural pheromone production of the labora
tory reared males existing in the cage.
1.2 Material and method
The text flies were obtained from our continuous rearing section using
the larval diet based on wheat bran and wheat germ (6). 200 ml approxima
tely, 12 000 laboratory reared pupae were put into a standard releasing
carton box (60 χ 60 χ 30 cm), one day before the expecting adult eclosión
time. Adult food and moistured pads were placed on the screen lid of the
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box. After the adult eclosión, the box was transferred to the field-cage
( 4 x 3 x 2 , 5 m) containing sugar + protein hydrolyysate and water. At the
2nd, 3rd, 4th, 5th, 8th, 10th and 15th days of the flies bioassay tests
were run. For this purpose, 2 ml MEN was soaked to the 2,54 cm cotton
wick inserted into the polyethylene vial cap. Biese vial caps were then
attached to the sticky Jackson traps with a wire holder (2). Since only
small amounts (12 ml) of lure were available, this type of device was
used to prolong the effectiveness of relatively short-lived lures.
Trimedlure was also used in the same manner. Blank traps were used as a
control. On the days mentioned above, the traps were hung on a 1,5 m
diameter wheel rotating with a speed of 0,5 r.p.m. Each test was run 1 h,
twice a day, morning and afternoon at the same hours. The numbers of
males and females trapped at the end of 1 h were counted, difference
between the mean number of MEN and Trimedlure was determined by using "t"
test. All the tests were replicated six times.
1.3 Result and discussion
Tables I and II give the data on the catches as a percentage of the
number of flies caught in each test. As shown in the Table I, the number
of MEN attracted males was more than females in the early days following
the adult eclosión. On the 8th day the number of flies caught from both
sexes were equal. However, according to the countings which were made on
the 10th and 15th days, there were more females in the MEN traps than
males. The number of flies captured in the late days of experiments was
less than necessary for a perfect test. We presume that the reasons for
this, were the increase on temperature (34-38 C) which directly may
affect the flight activity, the increase of natural deaths and the
natural pheromone production of males in the cage causing the female
attraction to males rather than traps.
As we know, Trimedlure mostly attracts males but few females. The increase
in the number of females in MEN traps during the late days of experiments
is probably due to the lessening in the sex-ratio of males to females in
the population.
There was statistically no significant difference (1,91
t = 2,37) (%5)
between the MEN and Trimedlure traps when the total number of catches was
taken into account.
The results showed that further studies are required to determine the
exact effects of the male sex pheromone on the females especially in the
field-cage and field conditions.
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TABLE I - Comparative attractiveness of Methyl (E)-6-nonenoate and Triraedlure to
C. capitata males and females a

Number and percentage of catches at the ages of b
2 days

Treatment

M

MEN

co

F

M%

3 days

F%

M

F

M%

4 days

F%

F

M%

F%

M

F

M%

F%

182 115 61,27 38,73 83 56 59,71 40,29 53 36 59,55 40,45 75 32 69,23 30,77

Trimedlure 167 39 81,06 18,94 78 46 62,90 37,10
Blank

M

5 days

43 14 75,43 24,57 146 18 89,02 10,98

14 15 48,27 51,73 13 14 48,14 51,86 10 12 45,45 54,55

a : Temperature variance during the tests was 28-30°C.
b : Mean of six replicates

4

8 33,33 66,66

TABLE II - Comparative attractiveness of Methyl (E)-6-nonenoate and
Trimedlure to C. Capitata males and females a

Number and percentage of catches at the ages of b
8 days

Treatment

M

F

M%

10 days

F%

M

F

M%

15 days

M

F%

F

M%

F%

MEN

6

6 50,00 50,00

5

6 45,45 54,55

6 15 28,57 71,43

Trimedlure

6

1 85.71 14.29

4

1 80,00 20,00

8

4 66,66 33,33

Blank

1

1 50,00 50,00

1

1 50,00 50,00

1

1 50,00 50,00

a : Temperature variance during the tests was 34-38 C.
b : Mean of six replicates.

TABLE III - Total evaluation of the tests

Treatment

Number and percentage of
catches a

CPTH

b

M

F

M%

F%

M

F

Total

MEN

58

38

60,41

39,59

4,14

2,71

6,85

Trimedlure

65

18

78,31

21,69

4,64

1,28

5,92

6

7

46,15

53,85

0,42

0,50

0,92

Blank

a : Mean of six replicates of seven independent tests
b : Catch per trap hourly (totally 14 hours).
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Mating disruption of the olive fruit fly {Dacus oleae) with
the major component of its sex pheromone
O.T.JONES, J.C.LISK, P.E.HOWSE & R.BAKER
Chemical Entomology Unit
University of Southampton, UK
P.RAMOS
CSIC Estación Experimental del Zaidin, Granada, Spain

A.MONTIEL BUENO
Servicio de Defensa Contra Plagas e
Inspección Fitopatologica, Jaén, Spa

Summary
The major component of the sex pheromone of Dacus oleae was formulated in plastic sachets which provided a more or less constant release rate over 30 days under laboratory conditions. Using one or
two sachets per olive tree, mating disruption was achieved in both
1981 and 1982 in one hectare sites in Granada and Jaén, Spain. This
was assayed by depression of captures in pheromone-baited traps
in the treated plot. During 1982, measurements of fruit infestation
in treated and control sites were also made which provided further
evidence that mating disruption was achieved. Although there were
highly significant differences in trap catches in treated and untreated plots, significant differences in infestation levels have
not yet been established conclusively in D. oleae.

Resume
Le compose principal de la pheromone sexuelle de Dacus oleae a été formulé en sachets plastique produisant un taux de diffusion plus ou moins
constant pendant 30 jours au laboratoire. Utilisant un ou deux sachets
par olivier, on a obtenu une confusion sexuelle en 1981 et 1982 dans des
parcelles d'un hectare à Granada et Jaén en Espagne. La confusion a été
estimée par réduction de captures dans des pièges englués à phéromone
sexuelle dans la parcelle traitée. En 1982, on a mesuré l'infestation
des fruits dans les parcelles traitées et témoins. Ceci fournit encore
davantage d'évidence en faveur de l'efficacité de la confusion. Bien
qu'on ait trouvé des différences hautement significatives entre piégeages
de parcelles traitées et non-traitées, on n'est pas encore arrivé à
établir l'existence définitive de conclusion sexuelle chez Daeus
oteae.

1.

INTRODUCTION
The olive fruit fly, Dacus oleae Gmel, is a major pest of olives in
the Mediterranean region and one which frequently requires heavy insecticide usage for satisfactory control. Such heavy use of insecticides,
however, often results in resurgences of secondary pests such as scale
insects and, in addition, results in detrimental effects on beneficial
insects and the environment. A number of alternative control measures
have been tested for this species, including mass trapping using McPhail
or coloured sticky traps (1) and sterile insect release methods (2)
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The existence of a sex pheromone in I), oleae has been known for some
years (3)(4)(5) but, until the recent characterisation of its major com
ponent (6), extensive use of the pheromone in monitoring or control of
this species was not possible. Subsequently, synthetic pheromone compon
ents have been widely used for monitoring D_. oleae (7) (8) and the incor
poration of pheromone lures into coloured sticky traps has resulted in
more effective mass trapping of this species than has coloured traps
alone (5).
The possibility of using synthetic sex pheromones and other behaviour
modifying chemicals for interfering with sexual communication in Lepidop
tera is very well established but reports of similar investigations with
dipteran sex pheromones are not available currently in the literature.
It was therefore decided in 1981 to carry out a small scale preliminary
experiment to investigate the possibility of employing such techniques
in Ό. oleae using the spiroacetal which is the major component of its sex
pheromone blend. Results from this and subsequent trials in 1982 are
reported here.
2. MATERIALS AND METHODS
2.1 Monitoring Traps
The major spiroacetal component of the pheromone of 15. oleae, 1,7
dioxaspiro(5.5) undecane, synthesised at Southampton University was used
throughout these experiments both in the disruption formulations and for
baiting traps. For the latter 25 mg of the spiroacetal was dosed onto
4ml polyethylene vials (Azlon Products Ltd., U.K.) and used with yellow
(chronotropic) traps which were strips of yellow plastic (8) (Rimi traps,
Aragonesas S.A. Spain) or yellow corrugated plastic (9) (Wolfson Unit of
Chemical Entomology), These traps were coated on both sides with a poly
butenebased sticky material, and suspended vertically at head height on
the south side of olive trees and on the outside of the canopy. In pre
liminary experiments to establish optimum concentrations for monitoring
and in the 1981 disruption trial, yellow corrugated plastic triangular
(delta) traps (Wolfson Unit of Chemical Entomology) were also used.
2.2 Mating disruption experiments
For mating disruption, the spiroacetal was formulated by Celamerck
GmbH (Germany) in plastic sachets with an initial loading of 55 mg which
were designed to give a rate of pheromone release suitable for mating
disruption.
2.2.1

1981 Experiment
In 1981, a one hectare site near Granada, Spain was selected for
treatment which consisted of 88 trees, each 12 metres apart. Two phero
mone sachets were placed on opposite sides of each tree within this area
and replaced with new sachets after one month. A control area was also
studied which was separated from the test site by 100 m of land with no
olive trees. To monitor D. oleae mating behaviour, nine sticky traps
baited with 1525 mg of the spiroacetal were placed 25 m apart in the
centre of both the test and control plots. Triangular and vertical yellow
traps were used for this. Control traps without lures were also used in
both plots to test for the attractant effect of trap colour. The capture
of Ό. oleae males in all traps was recorded for 5 days prior to placing
the sachets in the treated plot and the traps were then monitored every
five days over the subsequent two months.
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2.2.2.

1982 Experiment

In 1982 further such experiments were conducted in a one hectare site
at Jaen ,Spain, which were started in August. Only one sachet per tree was
used but simultaneous estimates of infestation were also collected from
both treated and control sites using well established sampling procedures
(8). The two sites were very similar in topography and had the same olive
cultures, but the treated site was roughly 40 m higher in altitude than
the control site. Five vertical yellow traps baited with 25 mg spiroacetal vials and five unbaited traps were used to monitor the behaviour
of the flies in each plot.
3.

RESULTS AND DISCUSSION

3.1

Monitoring Traps and Lure Dosage
Previous work (9) has shown that for monitoring populations of I).
oleae polyethylene vials gave the most appropriate release of spiroacetal
compared with rubber septa or micro fibres. Recent studies on the effect
of different loadings of spiroacetal on catch in different trap designs
have shown that, although 25 mg may be optimal for delta traps (Table 1 ) ,
such a simple interpretation is not possible with the vertical yellow
traps. Apart from the fact that the vertical yellow traps catch roughly
Table 1
Captures of D. oleae in delta and vertical yellow baited traps baited
with different amounts of spiroacetal in polyethylene vials at a site near
Granada, Spain.
Total capture of D.oleae in 4 replicates on:Trap design Loading 29:IX-5:X:82 5:Xx-ll:X:82 ll':X-18:X:82 Totals
(mg)

Delta*

Vertical*
Yellow

2

34

26

54

114

10

42

48

68

163

25

59

55

95

209

50

35

48

56

139

2

246

108

274

628

10

246

125

318

689

25

439

327

660

1426

50

404

314

541

1259

* The traps were arranged in two adjacent 4 X 4
squares reversed periodically.

latin Squares and the

5 to 10 times as much as the deltas, there appears to be a step-wise increase in catch with increase in lure loading. This was remarkably constant between observations and could be due to differences in plume length
and concentration within the plume. At concentrations of 10 mg per litre
or lower, it may be that only those flies are caught from the tree upon
which the trap is located, while concentrations of 25 mg per lure and
higher also attract flies from neighbouring trees resulting in the sharp
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increase in catch between 10 and 25 mg. If this is so, then it has some
bearing on the type of trap and concentration of lure selected to monitor
the disruption and in the interpretation of results obtained.
3.2

Mating Disruption Experiment 1981

During the 1981 preliminary mating disruption experiment at Granada,
a significant drop in captures of D. oleae occurred after placing the
sachets on the trees in the treated zone (Table 2 ) .
Table 2.

Catches of Dacus oleae males in both baited and unbaited traps
in the treated and control sites in Granada, 1981.

Captures of male D. oleae/trap/day
Site

Treated

Traps

Vertical
Yellow
Trian·
guiar
Vertical
Yellow

Control

Triangular

Lure
(25 mg)
vial

Pretreatment
30:IX-5:X:81

Immediate,
posttreat
ment
6:X:
18:X:82

%RC

Total posttreatment
6:X-15:XII:
81

%RC

37.27
4.80

3.47***
>99
7.50

1.93
2.10

>99

37
02

0.22***
>99
0.75

0.53
0.37

98

29.13
5.07

17.86
5.86

8.32
1.92

6.5
0.83

3.69
1.03

2.32
0.36

*** P<0.001 ( X test on totals pre-post treatment), % RC - Corrected
Percentage Reduction.
In calculating a value for the percentage reduction in trap catch resulting from the treatment, the catch in unbaited traps in both sites has to
be taken into account as flies will be attracted to the traps by their
colour despite the pheromone 'blanket'. Thus percentage reduction corrected for colour effects is quoted in Table 2 (% RC) and is seen to be in
excess of 98% in most cases. Measurements of fruit infestation in the
treated and control plots were not carried out during the 1981 experiments
but as trap catch depression had been achieved in the treated zone, it was
decided to repeat this experiment during 1982 at two sites and to have
simultaneous infestation measurements in both treated and control sites to
confirm that the disruption of mating indicated by the monitoring traps
was in fact occurring.
3.3

Mating Disruption Experiments 1982
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Captures of Ό. oleae in baited and unbaited vertical yellow
traps in treated and control plots at Jaén, 1982.

Table 3.

Site

Lure

Capture of male D. oleae/trap/day

25 mg vial
Treated

A

23:VIII

1:IX

9:IX*

17:IX

22:IX** 30:IX

0.25

2.4

2.82

1.15

18.56

0.14

1.04

0.57

0.40

3.04

5.0

K.· L> a

Control

44.4

34.8

5.6

3.08

4.82

4.68

16.7(inc)

1.49

4.50

1.42

13.83

0.06

0.45

0.27

0.53

7:X

95

17.4
1.95

> 99

11.11
3.88

Percentage fruit infested with eggs or first
instar larvae.
Treated

0.0

Control

♦Scheduled date of change of
sachets

0.0

3.4

0.0

9.7

11.9

17.5

3.4

1.4

2.0

2.2

7.9

12.4

**Actual change of
sachets

ZRC

corrected percen
tage
reduction in
catch

Table 3 shows the results obtained so far this year in Jaén.
During August and early September the population in both plots was rather
low and the reduction in trap catch was variable. A change of sachets
was scheduled for the 9th September but due to circumstances beyond our
control, this had to be delayed until 23rd September. By this time the
capture in the baited traps of the treated zone had risen to a level
which was higher than that of the control site. Subsequent to the re
newal of sachets, the captures in baited traps within the treated plot
were reduced to a level which was very close to that of the unbaited
traps. This low catch was maintained for at least two weeks. Infestation
levels were very low in both plots during late August and early September
but preliminary counts indicated a lower infestation of fruits in the
treated plot up to the third week of September despite the fact that the
population in the treated site was higher than that of the control as
indicated by the unbaited traps. After the third week, infestation of
fruits was higher in the treated site. Before the effect of the change
of sachets is reflected in the percentage of infested fruit, several weeks
will have to elapse until the fecund females from this period have all
disappeared.
Microencapsulated spiroacetal was also tested this year at Granada
but gave no significant reduction in trap catch in the treated plot due to
the release rate being too high. The data here are of a very preliminary
nature and need to be replicated several times preferably on a much
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larger scale, before the phenomenum of mating disruption is clearly
established in I), oleae. Although incomplete, this is one of the first
attempts to disrupt mating in a Dipteran species using a sex pheromone,
and we hope it will provide a basis for discussion on the methodology
and experimental procedure which needs to be developed for the successful application of this technique in Dipteran pests.
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Field evaluation of olive fruit fly pheromone traps with various dispensers
and concentrations
B.E.MAZOMENOS, G.E.HANIOTAKIS, A.IOANNOU
Demokritos Nuclear Research Centre, Athens, Greece
I.SPANAKIS & E.KOZIRAKIS
Phytohygiene Control Station Iraklion, Crete, Greece

Summary
The effect of pheromone dispenser and synthetic pheromone concentration on trap captures of male olive fruit flies, Dacus oleae Gmelin,
was tested under field conditions. On the basis of number of males
caugth and lenth of active period, polyethylene vials were the most
effective of the dispensers tested. With polyethylene vials as dispensers, trap catches generally increased with pheromone concentration.
Concentrations of I, 5, and IO mg attracted males for 1 1/2 months
and 25, 100, and 200 mg continued attracting males after 4· months.
Traps baited with 100 mg pheromone showed reduced attraction during
the first week, while those baited with 200 mg were less attractive
during 1 1/2 months from installation. Inhibitory effect due to high
concentrations is suspected.

Résume
On a étudié en plein champ l'effet du substrat d'évaporation et de la
concentration de la phéromone synthétique chez les mâles de la mouche
des olives, Daaus oleae Gmelin, capturés dans des pièges. Sur la base
du nombre de mâles capturés et de la durée de la période active, nous
pouvons constater que, de tous les substrat utilisés, les bols en polyethylene furent les plus efficaces.
Les captures dans les bols en polyethylene augmentent par rapport à la
concentration de la phéromone. Aux concentrations de I, 5 et 10 mg la
phéromone continuait à attirer les mâles pendant un mois et demi, et,
à celles de 25, 100 et 200 mg pendant 4 mois.
Lorsque la phéromone fut utilisée â 100 et 200 mg, son attractivité
fut réduite pendant quelque temps après l'installation des pièges : la
première semaine, et un mois et demi, respectivement pour les quantités
de 100 et 200 mg.

1.

INTRODUCTION

The olive fruit fly, Dacus oleae Gmelin, is the major pest of olives
in the Mediterranean basin. The female produces a pheromone which attracts
males (2,3,8). Laboratory and field cage bioassays showed that the female
pheromone is a blend of four components, one of which has the major attrac-
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tion (9). Baker et al. (1) and Mazomenos et al. (10) identified the major
pheromone component as 1,7-dioxaspiro (5,5) undecane and demonstrated its
activity in the field.
Pheromone trap performance is expected to be affected by such parameters as shape, size and color of trap, pheromone concentration, position
on the tree, trap density etc. Limited information on these parameters is
available and only for natural pheromone (4,5,6,8).
The purpose of the present work was to study the longevity and attractiveness of different types of dispensers baited with different concentrations of synthetic pheromone.
2.
2.1

DISPENSERS

Methods and Materials

Studies for effects of pheromone dispensers on trap catches were conduett d in an olive orchard in Amarousion, Attikis from April 20 - June 10,
1980 .The following types of dispensers, shown in Fig. I (a,b,c,d,e, respectively), were compared, a) Polyvinyl tubing with 0.1 cm wall thickness,
4 cm long, 0.3 cm (ID); b) Neoprene tubing with 0.1 cm wall thickness,
4 cm long, 0.2 cm (ID); c) Polyethylene tubing with 0.1 cm wall thickness,
4 cm long, 0.2 cm (ID). (All types of tubing were kindly supplied by the
Swiss Federal Research Station for Fruit Growing, Viticulture and Horticulture, CH-8820 Wadenswill, Switzerland) d) Rubber stopper, 2 cm in diameter; e) 1 ml Polyethylene vials with 1.5 mm wall thickness. All dispensers were charged with 1 mg of the major pheromone component racemic mixture (VI0RYL Chemical Co., Terma Kato Kiffissia, Attikis, Greece) diluted in
100 ml hexane.
2.2

Results and Discussion

The average and total numbers of males captured per trap per week in
traps with the various dispensers are presented in Table I. Traps with
polyethylene vials captured significantly more males than traps with dispensers of polyvinyl, neoprene, polyethylene tubing and rubber stopper.
Traps with polyethylene vials attracted more males than traps with other
disrensers and their attractiveness lasted' throughout the 6 weeks.
The male captured in traps with polyethylene vials were fewer the
first week than the males captured in traps with polyvinyl and neoprene
tubing. However male captures were reduced significantly after the first
week for polyvinyl and neoprene baited traps and ceased after four weeks.
Traps with polyethylene tubing and rubber stopper attracted quite large
numbers of males the first three weeks, after which the trap attractiveness
was reduced.

3. PHEROMONE CONCENTRATIONS
3.1

Methods and Materials

Two experiments of pheromone concentrations were designed to determine the most effective dose to be used in field studies.
The first experiment was conducted in an olive orchard located in
Amarousion, Attikis, from July 22 to December 2 1980. Polyethylene vial
dispensers were used with yellow rectangular sticky poster-board traps.
Traps were baited with 0, 1, 10, 25, 50, and 100 mg of the major pheromone.
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Fig. I: Dispenser tested for male olive fruit fly attraction
a) polyvinyl tubing, b) neoprene tubing, c) polyethylene tubing
d) rubber stopper, e) polyethylene vial.
During the first seven weeks, wild olive fruit fly population was very low
and the experiment was conducted with released laboratory cultured flies0
Released insects had been reared on artificial diet (13) for ca, 20-25
generationso One hundred pupae were placed one day before emergence occured in I-liter Mason jars covered with tulle under natural light at room
temperatureo Jars containing 3-4 day-old insects of both sexes were opened
on the ground near the tree, immediately after trap check and removal of
old insects» After the seventh week, wild population was increased significantly so that insect releases were no longer necessary«
The second experiment was conducted from June I,to December 10, 1981,
in an olive orchard located in Iraklion, Crete. In this experiment traps
were baited with 0, I, 5, 10, 25, 50, 100 and 200 mg of the major pheromone in polyethylene vials.
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Table I. Average and total Dacus oleae males captured by yellow rectangular sticky poster-board traps with various types of dispensers, charged
with I mg of synthetic l,7-dixaspiro(5,5) undecane. Amarousion, Attikis,
April 20 - June 10, 1980,
X Capture/Week
Dispenser
Polyvinyl tubing
Neoprene
"
Polyethylene "
Rubber Stopper
Polyethylene Vial
Unbaited

Trap
1.9a
1.6a
2„7 a
3.4 a
5.813
0.1 c

Total
Capture
35
29
49
62
105
2

Means followed by different letters are significantly different
(P=0.05) Duncan's new multiple range test.
Traps were placed at the center of the tree in a 6x6 Latin-square
design spased 15 m apart in 1980, and in a- randomized complete design
(replicated 6 X ) , spaced 30 m apart in 1981.
3.2

Results and Discussion

The average number of males caught per trap/week during 1980 and 1981
are shown in Fig. II. In the first experiment increase in pheromone concentration resulted in the increase of the number of males captured. Traps
baited with 100 mg of pheromone attracted more males than traps baited with
lower concentrations. During the first seven weeks in which lab-reared insects were released, traps baited with pheromone attracted more males than
unbaited yellow traps (Table II). During the same period the ratios of
males caught in traps baited with 1, 10, 25, 50, and 100 mg, of pheromone
to those captured in the controls were 12.3, 19.8, 33.1, 30.8, 50.1, respectively. After the 7th week the experiment was conducted with wild insect* only. During the next seven week period, i.e., from the 8th to the
14th week the same ratios were 1.2, 1.3, 2.2, 2.0, 2.5, respectively, which
means that the increase in captures of control traps was higher than that
in pheromone traps. This disproportional increase in captures of the two
kinds of traps could be the result of the increased sensitivity of the wild
flies to the yellow color as compared to the lab-cultured flies (11,12).
It could also be the result of the reduced effectiveness of the pheromone
traps due to high population density or to reduced pheromone evaporation
rate from dispensers. During the same period,captures of traps with concentrations of 1 and 10 mg were not significantly different from captures
of control traps. However, traps with higher concentrations continued to
capture significantly more flies than controls. From the 15th to the 19th
week, ratios of pheromone trap captures to those of controls were 0.9, 1.0,
2.6, 1.6, 2.7, with the above sequence of concentrations. During that period significantly more flies were captured with concentration of 25, 50,
and 100 mg than concentrations of 1 and 10 mg, the captures of which were
not significantly different from those of control.
In 1981 the natural population at the site of the experiment in
Iraklionj Crete, was high, so that release of lab-cultured flies was not
necessary. Table II shows the results of this experiment expressed as ave
rage numbers of males captured in three seven-week intervals and one six
week interval. As in the case of the previous experiment trap captures increased with concentration throughout the expermental period except during
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Fig. II Mean nimber of Dacus oleae males captured by yellow rectangular sticky poster-board traps baited with various concentrations of
synthetic pheromone,1,7-dioxaspiro (5,5) undecane. A. Amarousion,
Attikis, July 22 - December 2, 1980. B. Iraklion, Crete, June 1 - December 10, 1981.

.the first five weeks during which captures of traps with 200 mg were reduced. It seems that the evaporation rate of these dispensers for this period had an inhibitory effect on male response. The same was true for the
concentration of 100 mg but for a period of one week only. Concentrations
of 1,5, and 10 mg attracted significantly more flies than the controls
during the first five weeks only. Concentrations of 25, 50 and 100 mg attracted significantly more flies than controls for a period of 21 weeks,
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Table II: Average number of Dacus oleae males captured by traps with
polyethylene vials charged with various concentrations of synthetic phero
mone, during different time intervals from trap installation. Amarousion,
Attikis, July 22  December 2, 1980, and Iraklion, Crete, June 1  December
10, 1981.
Male
Concentration

Captured per Trap
Week Intervals
814

15  19

Experimental Period

0 mg
1 tl
10 tt
25 It
50 tl
100 tt

2 6
·
3 1 . 9£
51.4!
be

80.0
130.1C

J*


0
1
5
10
25
50
100
200

35.
42.
,abc
51.
.abc
50.
74.
abc
59. 7
bc
83.3
bc
78.1'

38.2 a
35.6s
38.4 a .
100.2
ab
62. θ!
103.4

104.6
ab
120.
130.
bc
234.4:
bc
204.4
263.3e
Experimental

1980

Period

14

60.
"ab
71.
121.
157.
208.
144.
.bc
255.
304.

1981
15 

21

195.
218.
266.
316.
513.
408.
,bc
594.
664.4

22

27

122.2 a
1 7 4 . 7 'a b
127 a
121 a
1 7 6 . 0 'I a 1 3
171 'ab
248 a b
291.0r

Mean followed by different letters are significantly different.
(P = 0.05) Duncan' s new multiple range test.
but during the 22nd  27th week period only traps baited with 200 mg dis
penser captured significantly more flies than controls. Calculating the
ratios between flies captured in traps with the two highest concentrations,
i.e., 100 and 200 mg, and flies captured in the controls during the four
time intervals of Table II we find the following values, respectively:
2.4, 2.2, 4.2, 5.1 and 3.0,3.«» , · 2.0, 2.4. The higher ratios were observ
ed between the 8th and 21st weeks. Low ratios during the first seven
weeks could fee attributed to the repellent effect and also to reduced phe
romone trap captures due to low percentage of sexually active males which
is known to exist during this period of year (June 1st  August 5th) (8).
Low ratios during the last interval could be attributed to reduced pheromo
ne evaporation rate due to pheromone exhaustion or to prevailling lower
temperatures during that period of the year (Nov. 4  Dec. 10). It should
be pointed out that experiments with wild population during both 1980 and
1981 never gave the high ratios between pheromone traps captures and con
trols which were observed in the experiments in which labcultured flies
were released. Whether this is the result of reduced sensitivity of the
lab flies towards the yellow color only or to the need of the wild fly for
the secondary components of the pheromone blend for full response needs to
be investigated.
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Response oïDacus (Diptera: Tephritidae) to Ocimum sanctum (Linn.)
Extracts and different synthetic attractants in Penang, Malaysia
K.H.TAN
School of Biological Sciences, University of Sains, Penang, Malaysia

Summary
Nine species of Daaus were attracted to three of the five
attractants used. Comparison of means between traps baited with
methyl eugenol and cue lure either mixed or isolated in the same
trap, and methyl eugenol, showed that the numbers of male D.
dorsalis
(Hendel) and D. umbrosus (F.) caught, were significantly different
when traps were not overloaded with attractants.
Ocimum sanctum (Linn.) Labiatae, flower bud and leaf steam
distillation extracts caught significantly higher male D.
dorsalis
compared with 1-15% methyl eugenol baited traps. There was no
significant difference in D. dorsalis
catches between flower bud
and leaf extracts baited traps ; and between 0. sanctum leaf
extract and 99% synthetic methyl eugenol.
The significance of the above results is discussed in terms of
fruit-fly control in Malaysia.
Resume
Neuf espèces de Dacus ont été attirées par trois des cinq amorces utilisées. La comparaison des valeurs moyennes entre pièges amorcés au méthyleugénol et cue-lure (soit mélangés, soit séparés dans le même piège), et
au méthyl-eugênol seul, a montré que le nombre de prises de D.
dorsalis
mâles (Hendel) et de D. umbrosus (F.) a été différent d'une manière significative lorsque les pièges n'étaient pas surchargés d'amorces.
Les extraits de distillation à vapeur de bourgeons et de feuilles de
Ocimun sanctum (Linn.), Labiatae, ont attiré considérablement plus de
D. dorsalis
mâles, comparés à des pièges amorcés de 1 à 15% de méthyleugénol. Il ne s'agit pas de différence significative parmi le nombre de
D. dorsalis
pris dans des pièges amorcés d'extraits de bourgeons et de
feuilles d'une part, et d'extrait de feuilles d'O. sanctum et de 99% de
méthyl-eugénol synthétique d'autre part.
La signification des résultats ci-dessus est discutée en relation avec
le contrôle des mouches des fruits en Malaisie.

INTRODUCTION
In Malaysia and Singapore nearly 20 species of Dacus have been
recorded (2, 4). Seven Dacus species were found to infest fourteen
common fruits / vegetables grown in Penang, with Dacus dorsalis
Hendel
and Dacus Cucurbitae Coquillett being the common species (14). D.
dorsalis
males have been known to be strongly attracted to methyl
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eugenol (12). However, dorsalure (a combination of methyl eugenol and
cue-lure) attracted significantly less male D. dorsalis
compared with
traps baited with methyl eugenol (14). One of the aims of this study
is to compare trap catches of D. dorsalis
and D. umbrosus
F, between
traps baited with methyl eugenol and those baited with different
combinations of methyl eugenol and cue-lure.
Methyl eugenol has been found as a volatile constituent in a few
plants, including flowers of a Cycad (Colocasia
antiquorum)
, papaya
{Carica papaya) , mango (Mangifera
species) , Golden shower blossom

(Cassia

fistula)

and leaves of

Zievia

smithii

and Pelea anisata

(5, 8,

2, 9, 11). In 1980, during one of the field trials it was observed
that leaves of Oaimum sanctum
(Linn.) when crushed attracted the
oriental fruit fly. This investigation further compares traps baited
with steam distillate of 0. sanctum with those baited with methyl
eugenol at various concentrations.
MATERIALS AND METHODS
2.1 Chemical attractants used are as follows:
a) C apilure
- mixture of trimedlure and extender
b) C ue-lure
- 4(p-acetoxyphenyl)butan-2-one
c) Dorsalure
- mixture of methyl eugenol and cue-lure (exact
proportion unknown)
d) Methyl eugenol - 4-allyl-l, 2-dimethoxybenzene
e) Trimedlure
- tert-butyl (4/5)chloro-2-methylcyclohexane
carboxylate
2.2 Attractant traps :
The required amount of attractant mixture was pipetted on to one
of the cotton buds in each modified Steiner Plastic trap in the field.
Where an attractant needed dilution, it was diluted to the required
concentration with vegetable cooking oil. Precautions were taken to
prevent cross-contaminations, and all glassware were rinsed in
chloroform: methanol mixture (2:1 v/v)(13). While used plastic
materials were incinerated. A set of five different attractants were
set up accordingly in each site at 5 sites in Penang (14).
2.3 Steam distillate of Oaimum
sanctum:
0. sanctum plants were collected from the wild; leaves and flower
buds were removed. 500 g leaf/2CO g flower bud sample was placed in a
5-liter round-bottom flask. The flask was fitted with an inlet tube
connected to a steam source and an outlet tube connected to a condenser.
Steam was passed through the sample until 1-2 liters of distillate was
collected. The distillate was extracted with dichlorolmethane 4 χ 200 ml. The solvent was removed in a rotary-evapourator. The
crude extract was then stored in a deep-freezer.
2.4 Field Testing:
Traps containing attractants or mixtures were set up in the field
and fruit flies caught were collected daily for identification
according to Hardy (3), and counting in the laboratory. Unless stated
otherwise, the positions of the traps were rotated each day so that
each trap would have been positioned in all trap sites for any one
replicate (14). Three replicates were performed for each trial.
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For the comparison of 3 different mixtures of methyl eugenol and
cue-lure (1:1, 1:2 and 2:1 vol.:vol.) against the respective
attractants individually, a 5 χ 5 Latin square design was used to set
up traps (aa 20 m apart). Two localities - Tanjong Bungah village and
Jelutong village were chosen for this study because of the wide
varieties of fruit trees grown and the lack of organised control
programme for fruit flies. The traps were positioned for 4 days and
fruit flies removed daily. When traps were unintentionally removed
the whole trial was abandoned. Another trial was conducted in that
area after two months.
RESULTS
3.1 Daous species attracted to attractants
Nine species of Daous were attracted to three of the five
attractants used. C apilure and trimedlure did not attract any Daous
species. C ue-lure was attractive to six species, methyl eugenol three,
and Dorsalure six species (Table I) .
3.2 Comparison of traps baited with methyl eugenol against those baited
with methyl eugenol and cue-lure.
The number of male D. dorsalis
caught in traps baited with any of
the three mixtures of methyl eugenol and cue-lure (1:1; 1:2; and 2:1
vol.:vol.) was significantly lower than methyl eugenol trap both in
Jelutong and Tanjung Bungah villages (Table II). The same observation
was noted for male D. urribrosus in Tanjung Bungah village (Table III).
The numbers of male D. dorsalis
and D. urribrosus trapped with
methyl eugenol as bait were significantly higher than those baited
with methyl eugenol and cue-lure even though the amount of methyl
eugenol is constant in each trap (Table IV). Further, when the volume
of methyl eugenol was constant in all traps but cue-lure being kept
physically apart in the traps containing both the attractants, the
number of male D. dorsalis
trapped using methyl eugenol alone was
significantly higher than that trapped using both methyl eugenol and
cue-lure (Table V-A). For D. urribrosus the same observation was
obtained except for the traps containing 0.5 ml methyl eugenol and
0.25 ml cue-lure, which showed no significant difference when compared
with traps baited with methyl eugenol. (Table V-B).
3.3 Comparison of attractancy between methyl eugenol and 0. sanction
extracts.
There was no significant difference in the number of male D.
dorsalis
caught between methyl eugenol (99%) and leaf extract of 0.
sanctum baited traps. No significant difference was obtained between
flower bud and leaf extracts of 0. sanctum
in all instances. However,
when crude extract of flower bud/leaf was compared with diluted methyl
eugenol (1, 5 and 15%) the numbers caught were significantly higher
for the former (Table VI).
4. DISC USSION
Capilure is a combination of trimedlure and an extender and like
trimedlure is specific for Mediterranean fruit-fly Ceratitis
capitata
(Wiedemann)(10). The absence of fruit-flies in traps baited either
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TABLE I: Daous species attracted to traps baited with different
attractants in Penang.

Attractant*
CL

ME

Species
D. oaudatus
D. Cucurbitae

+

+

+

-

D. dorsaLis

-

+

D. frauenfeIdi

+

+

D. mcgregori

-

+

D. nigrotibialis

+

+

D. occipitalis

+

D. tau

+

-

D. umbrosus

_

+

C - capilure; C L - cue-lure; D - dorsalure;
ME - methyl eugenol; Τ - trimedlure. + = attracted;
- = not attracted.
TABLE II: C omparison of means between traps baited with methyl eugenol
and mixtures of methyl eugenol and cue-lure for Dacue dorealie
males.

ME

ME:CL(1:1)

Mean/trap/day
Jelutong
(April 1982)

±

ME:
C L(1:2)

ME:
C L(2:1)

standard error

309.7±41.9

37.1±6.7

60.0±10.4 a

171.9+28.O a

Tan jung Bungah
(November 1981)

99.2± 8.7

19.4±6.5

7.9± 0.7

35.9± 1.1

(February 1982)

268.5±28.1

26.1+3.0

22. 4± 3.3

70.8±10.0

ME - methyl eugenol; C L - cue-lure; mixture (vol.:vol.);
a - probability < .001.
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1 ml/trap,

TABLE I I I ;

Comparison of means between traps baited with methyl eugenol
and mixtures of methyl eugenol and cuelure for Daaus umbrosus.

ME

ME:CL(1:1)

Mean/trap/day
10 8±3

(Sïï^ï,

·

(February 1982)

·°

5.6±1.0

ME:CL(1:2)

±

1 6±0 73

·

standard error
0 4±0

·



0.6±0.2a

ME:CL(2:1)

3 a

1.3±0.4a

ME  methyl eugenol; CL  cuelure; mixture (vol.:vol.);

3.3±1.2«
1.8±0.4a
1 ml/trap,

a  probability < .COI.

TABLE IV: Comparison of means for fruit flies trapped between using Λ
methyl eugenol and mixtures of methyl eugenol and cuelure .

Attractants
(ml.)
Site
A)

B)

D.

ME
(75)
„^

ME+CL
(.5) + (.5)

Mean/trap/day

ME+CL
(.5) + ( 1)
±

ME+CL
(.5) + (.25)

standard error

dorealis**

Jelutong

21.5±2.5

13.8±2.7C

14.7±2.0°

14.8±2.2C

Tanjung Bungah

74.0±6.3

29.0+4.5a

12.8+2.Ia

42.0+3.2°

12.7±1.8

2.7+0.6 a

0.8±0.3 a

2.5±0.5 a

D. wnbiO8U8**
Tanjung B ungah

a l l traps baited with constant amount of methyl eugenol (.5 ml)

**
conducted in September 1982.
Probability a <.001;

b .01>P>.OOl;
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c .05>P> .02.

TABLE V:

Comparison of means for f r u i t f l i e s caught between using methyl
eugenol traps and traps baited with methyl eugenol and cuelure
on separate cotton buds.

Attractant*
(ml)
Site
A)

ME
(.5)

^*·»^
D.

Mean/trap/day

ΜΕ/CL
(.5)/(l)
±

ME/CL
(.5)/(.25)

standard error

dorealis**
47.4± 7.5

23.7±4.2 b

22.9±7.8°

27.4± 4.9°

101.7+12.1

50.2±8.8&

61.2±9.0 a

68.1±H.O a

1.0±0.3a

2.4±0.7b

3.3± 0.9 X

Jelutong
Tanjung B ungah
B)

ME/CL
(.5)/(.5)

D.

itmbrosus**

Tanjung Bungah

5.5± 0.8

*
**
ME  methyl eugenol; CL  cuelure;
conducted in September 1982.
Probability a <.001; b .01>P> .001; c .5>P> .02; x >.05.

TABLE VI:

Comparison of attractancy between traps baited with methyl
eugenol and extracts of Ooimwn sanctum against Daeus
dorealis*.

Methyl eugenol

Flower bud extract

Mean/trap/day

99%

±

69.3±11.3

Leaf extract

standard error



91.8± 8.9 X

1%

1.7± 0.7

50.0+ 5.7 a

76.3±20.9a

5%

9.8± 3.3

44.6± 8.7 a

56.5±15.2a

15%

16.7± 3.9

44.6±13.8C

54.9±7.6a

*
0.5 ml sample/trap;
a

<.001;

and comparison of means (probability)

b  .02>P >.01;

C .05>P >.02;

**Concentration of methyl eugenol used.
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X >.05.

with trimedlure or capilure confirmed that C. capitata
was not present
in Penang Island.
D. dorsal-is was shown to be the predominant Daaus species and it
infested many varieties of common fruits grown in Malaysia (14).
However, D. tau (Wik.), D. oaudatus (F.) and D. frauenfeldi
(Sehn.)
which infested BachanqfMangífera
foetida),
chilli (Capsicum annum)
and water guava (Eugema ¿avanica) respectively, shared some of the
common fruit hosts with D. dorsalis
and were attracted to cue-lure(14).
The number of male D. dorsalis
caught in traps baited with methyl
eugenol and cue-lure either mixed chemically or isolated within each
trap, was significantly lower than that in methyl eugenol traps. A
fibre block impregnated with 6 g mixture of cue-lure and methyl
eugenol (1:1 wt.:wt.) was shown to be equally attractive to D.
dorsalis
and D. Cucurbitae when compared with methyl eugenol and cue-lure,
respectively (7). The amount of attractants used in this investigation
was much less than the amount used by Ito et al.¡ (7) and trapping
techniques were different. There is no significant difference in male
D. dorsalis
caught between traps baited with 1 g methyl eugenol and
those baited with 1 g each of cue-lure and methyl eugenol (unpublished
data). This means that when a trap was overloaded with attractants
the difference in catches was insignificant. Currently vegetable
farmers and fruit growers are relying heavily on insecticides including
the pyrethroids (15) to control insect pests like Dacus in Malaysia.
There are several species of Dacus infesting various fruits of economic
importance in Penang (14). Thus, the use of intensive trapping of
fruit flies using a combination of methyl eugenol and cue-lure to
suppress the fruit-flies populations should be considered along with
destruction of breeding ground.
Flower bud and leaf extracts of Ocimum sanctum appeared as potent
as pure synthetic methyl eugenol in attracting D. dorsalis.
The
essential oils of Zierra smithii
contained ca 85% O-methyl eugenol, 7%
safrole, and 8% linalool (2). Four oil types - citral, eugenol methyl
chavicol and chavibetol types, were found in 0. sanctum, and methyl
eugenol made up ca 20% of the eugenol oil type (5). However,
preliminary studies showed that 0. sanctum leaf essential oils
contained at least seven major components and undetectable amount of
methyl eugenol (Wong, K.C. personal communication). Even in the
apparent absence of methyl eugenol, flower bud and leaf distillate of
0. sanctum attracted significantly higher numbers of male D.
dorsalis
than 1-15% methyl eugenol baited traps. This probably indicated that
0. sanctum might contain a component which synergised the effect of
methyl eugenol or another compound that strongly attracted D.
dorsalis.
This speculation certainly requires further investigation to confirm
what component/components in 0. sanctum is/are attracting D.
dorsalis.
Nevertheless, due to the strong attractancy of 0. sanctum (which is
readily available) some farmers have begun using crushed leaves mixed
with an insecticide to attract and kill D.
dorsalis.
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Session 6
Integrated control programmes
Report on Session 6
K. RUSS, Chairman of the Session
Evaluation and prospects of integrated control programmes
Vers une amélioration de la lutte intégrée dans les agro-systèmes méditerranéens menacés simultanément par les mouches
des fruits et les homoptères
Combating the fruit fly problems in Australia : the current
situation and future prospects
Mediterranean fruit fly life cycle estimations for the
California eradication program
La cerat ite au Maroc
Results in capturing Mediterranean fruit fly (Ceratitis
capitata Wied.) on citrus in Sicily
Control of the olive fruit fly in a pest management trial in
olive culture
Development of a pest management system for Dacus oleae in
Corfu by utilizing ecological criteria
Estimates of the crop losses caused by Dacus oleae (Gmel)
(Dipt, tephritidae) in Crete, Greece
Observation on olive fly (Dacus oleae Qmel) - Population
dynamics in Sicily
Recherche d'une date optimale pour la récolte des olives
pendant une année au taux d'infestation élevé du "Dacus oleae"
Rapport sur les activités réalisées dans la lutte contre
Dacus oleae Orel par le "Servicio de defensa contra plagas
e inspección fitopatologica" du Ministère de l'Agriculture
d'Espagne (SDPIF)
Ecology and approach to integrated control of Dacus frontalis
on the Cape Verde Islands

Report on Session 6
K.RUSS
Vienna, Austria

During the session "Integrated Control Programmes" 13 papers have been
presented. The studies dealt with integrated programmes against fruit
flies of the genus Dacus, Ceratitis and Rhagoletis in various areas of
the world.
Considering the results achieved up to now in the various fields of
integrated control of economically important fruit flies, it is evident
that considerable progress has been made.
Research on population dynamics, the identification of mortality factors
and the definition of many economic thresholds has enabled to clarify a
large number of important points.
However, before implementing the available results into a general programme of integrated control, further information on agroecosystems are
still required.
The presented papers, the discussion and comments made, let us propose
the following recommendations for the future years :
1. For the period 1983 - 1985 it is suggested that work should continue
on the lines already adopted. But, however, not only the attacking key
insects should be considered, but also all other important phytophages.
They can be effectively monitored with the same methods and the same
equipment used for the key insects and controlled with suitable
non-interacting agents or techniques.
2. The fruit fly group should furthermore encourage research especially
on the bio-ecology of fruit flies as a basis for quicker implementation in integrated control systems.
3. Additionally, research should be increased particularly on
3.1 the use of biotechnical methods in integrated control of fruit flies;
3.2 the determination and improvement of the economic threshold of
important fruit fly species and the
3.3 substitution of traditional chemical treatment by biotechnical and
biological methods.
4. As legislative and scientific—technical structures often slow the
advance or progress of integrated control methods, it is recommended
to search for alternatives in this subject on national and international levels.
5. The different organizations involved should continue to patronize the
international collaboration on integrated control of fruit flies
between scientists, institutions and organizations to accelerate the
progress on this subject.

CEC / IOBC Symposium /A thens / Nov. 1982
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Evaluation and prospects of integrated control programmes
R.PROTA
Institute of Agricultural Entomology, University of Sassari, Italy

Summary
Before deciding on the possibility of fitting an efficient integrated
control scheme into a general programme of integrated production, a
great deal of information is required regarding the biocoenosis in the
agroecological system in question. Climate (and the host plant's response thereto), population dynamics of insect concerned, identification of mortality factors and determination of economic thresholds are
all studies fundamental to making such a decision. Biological and biotechnical means (e.g. sterile males) suitable to the particular cultivation can be used with great success but depend upon administrative
organization and the professional qualification of field workers and
technical assistants. Regional administrations are, therefore, solicited to prepare adequate legislative and scientific-technical structures and to promulgate the necessary agricultural information. In olive
plantations attacked by Dacus oleae Gmel., other important pests have
also to be considered. In Mediterranean regions, the integration of
chemical, biotechnical and biological control methods is suggested,
depending on the availability of proper apparatus
and methods for
determining the insect populations and control thresholds. The agroecosystem of orchards has to be treated as a whole regarding pest control measures, especially against Ceratitis capitata Wied. and Rhagoletis cerasi L. Considering technical and economic criteria, small and
medium size groves would seem to be best protected by chemical and
biotechnical methods; in large plantations, the sterile insect technique seems preferable.

1. INTRODUCTION
While this is not the place to review the history of integrated plant
protection against the more economically important trypetid flies, it may
not be entirely irrelevant to recall that integrated methods arose from the
urgency of avoiding further environmental havoc, the results of which we
are now trying to rectify with no small difficulty. Fundamental to integrated control is an informed understanding of the bioecology of the respective insect pests. Without such knowledge, no rational intervention can be
effected. Regarding trypetids, the requisite information has only been obtained recently; earlier, unfortunately, it was only fragmentary (8, 110,
133, 74). A study of climatic conditions (122, 123) and of the plants to be
protected, a survey of the insect pest populations and research into their
CEC / IOBC Symposium /A thens / Nov. 1982
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mortality factors, are the essential minima in order to determine economic
thresholds
a salient part of this new concept.
1.1 Climate
We know that high summer temperatures of around 33°C are harmful to
the olive (53) fruit fly (Dacus oleae Gmelin), causing even more than 80%
mortality in the early stages, and that temperatures of 20 to 26°C favour
its development (96). But, despite numerous studies, we do not yet have
precise enough indications as to how climatic conditions affect the population dynamics of the Mediterranean fruit fly (Ceratitis capitata Wiedemann)
(79). It may well be that the general regression noted in recent years for
medfly in our part of the world is due to the more extensive and persistent
spring rainfall recorded for some time now in the whole of southern Europe.
Humidity is certainly to be considered as an influential factor in certain
regions (15), as observed by Bateman (8) for Dacus Cucurbitae Coquillet, D.
tryoni (Froggatt), Rhagoletis pomonella Walsh, R. completa Cress, and Anastrepha ludens (Loew).
1.2 Population surveys
Reliable methods and equipment in any insect population survey are obviously of prime importance for a correct interpretation of the course of
an attack, so that it can be immediately and economically contained. Only
recently have reliable means been employed, such as cross-sectional sampling with visual or olfactory traps as well as systematic sampling of attacked fruit, to provide adequate information regarding trypetids in the
Mediterranean Basin. Programmes under the auspices of the IOBC using such
means to study Dacus oleae in Sardinia proved to be most efficacious. Besides providing direct determination of the degree and course of infestations
they also enabled total estimations to be made of eggs, larvae, pupae and
adults from which a series of life tables have been produced (7), which are
also useful in determining mortality and fecundity rates (37). The adult
population can be competently surveyed by means of chromotropic traps, the
best results being obtained with crossed yellow Rebell 78 sticky traps,placed halfway up in the southernmost fringe of the foliage, and baited with
protein attractants to capture also the females (55, 161). The optimum number of trap-units is about 10 to 15 per hectare according to the number of
and disposition of the plants. A similar routine can be followed for Ceratitis capitata and Rhagoletis cerasi baiting tha traps, in the former case,
with trimedlure and protein hydrolisate (16, 1 , 159) (1).
1.3 Mortality factors
Among the many factors affecting insect pest populations, is the question of nutriment availability (133). In cases of marked alternation in
fruit production, this factor is of particular importance (58), strongly
impinging on population movements due to reproductive exigencies (81), or
to larval competition for food.
(1) Pheromon traps coated with sticky adhesive, prebaited with protein hydrolysate (0.5g) and ammonium acetate (0.5g), have given good results for
Rhagoletis pomonella, and, (130) baited with methyl eugenol and cue-lure
for Dacus dorsalis and D. Cucurbitae.
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Predators and parasites can exercise great influence, especially in
low or medium level infestations. In the case of Dacus oleae, the winter
soil-dwelling populations can be reduced by predators by as much as 90%,
whereas chalcidid ectophages can reduce the summer drupe populations by up
to 50% (54). In other cases, reduction of the host population is insufficient (147). An analysis of all the factors which directly or indirectly
influence the dynamics of a pest population will identify the variability
key factors essential to planning an efficient control programme (91, 82).
It is also most important that integrated control takes into account any
bacterial, fungoid and viral diseases and the interaction between all the
chemical products used against them, the insect pest and useful entomofauna.
1.4 The economic threshold
The level above which the density of a population causes economic damage is not easily determinable, but great progress has been made in the
case of fruit flies, especially key insects such as Dacus oleae (66) and
Ceratitis capitata (47, 38). In certain instances, however, the problems
which remain are more political than technical, solvable in places other
than our assembly halls.
2. APPLICATION OF AN INTEGRATED CONTROL SYSTEM
2.1 Generalities
The means and methods adopted in integrated systems are numerous and
vary according to the insect to be controlled and environmental characteristics of the affected area (1).
Today, a realistic integrated programme for controlling trypetids can rely on
certain biological agents, sterile-male release and some biotechnical means.
Useful cultural practices are few, and, unfortunately, selective chemical
products are even less.
2.2 Selective chemical products
Up to the moment, in both an ecological and physiological sense, we
lack selective chemicals (195). Those publicised as such including ovideposition deterrents and growth regulators, do not seem sufficiently acceptable (153, 154, 97, 182, 137, 138). Thus, at present, chemical intervention
must be minimal both regarding time and space (133); more reliance has to
be placed on poisoned attraetants such as protein hydrolysates, applied at
high, low or ultra-low volume from the air or by ground spraying (183).
Differences in conditions of ground application or in the substances making
(1) Dacus dorsalis, for example, was eradicated from the Marianne Islands
by a combination of sterile-male release (41), chemical insecticides
and attractants. Ostrinia nubilalis Hb was successfully controlled in
certain maize fields of southern Europe using Bacillus thuringiensis
Berliner, releasing an oophagous Trichogramma, developing tolerant varieties, burying harvest residues, following tolerance thresholds and
adopting various methods to anticipate attacks (30).
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up the various products may produce conflicting results in practice. In
periods of climatic instability, even with as low as 6 mm of rain in a week
baits would provide inadequate protection especially in small growing areas
(139, 55). In such cases, mixed intervention methods would be more effective applying protein baits (dosed with fenthion or dimethoate) during the
dry season and treating the whole foliage with cytotropics in the rainy
season, as is now done to control D. oleae and C. capitata in our southern
regions. The results are satisfactory regarding both toxic residues and
useful entomofauna (165, 32) especially in the olive groves (172, 55, 141,
83) .
2.3 Biological control
Olive and other fruit cultivations represent systems susceptible of
regaining the biological equilibrium lost through the use of broad-spectrum
pesticides.
The renewed interest in biological control over the last few years is
undoubtedly due to new concepts in plant protection deriving from integrated control procedures. The enormous biological potential in an agroecosystem as complex as the olive grove is illustrated by a list of the parasites
of D. oleae, Saissetia oleae Oliv, and Prays oleae Bern, encountered in
plantations frequently treated irrationally with pesticides.
Integrated control of harmful key insects, therefore, cannot ignore
side effects but must give attention to the biocoenosis as a whole. Useful
qualities should be enhanced and considered in a wider context which goes
beyond the specific aspect of direct protection.
2.4 Sterile release programme
Autocidal control, with the new mass rearing techniques and presentday
knowledge regarding
pest populations, has almost reached the point of
offering enormous practical possibilities (133, 90, 42, 91, 119, 84, 56).
The chief remaining doubts (167) all centre around the very high cost of
the overall operation, especially when considering the control of widespread high density populations (8, 103). The ready availability of guaranteed perfectly efficient individuals would largely eliminate such doubts, and
commendable research is in progress to this end (168, 25, 100, 27, 176).
Other doubts could arise related to the substantial, progressive disappearance of many species from our planet, but should not detract from the intrinsic value of a method with a hundred per cent selectivity.
To confirm its validity one may cite numerous examples: in Japan (92), against Dacus Cucurbitae (Coq.); in the South Pacific against Dacus dorsalis
(187); Dacus tryoni and Dacus cucumis French in Australia (2, 88); Ceratitis capitata in Italy (124, 44, 45, 4 6 ) , Spain (163, 164, 116), Egypt (4),
Tunisia (40,89), Cyprus (176), Central America (52, 60), Argentina (192),
Perù (180), and Mexico (51, 72, 189); in Switzerland and Austria against
Rhagoletis cerasi L. (21, 22, 171); and in California against Anastrepha
ludens and recently Dacus oleae (61, 62, 133) the latter being economically feasible due to improvement in both price and quality (75, 112, 191,
113) .
Ionizing radiation techniques could also be used to disinfest harves-
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ted fruit (as, for example, where political exigencies require pest-free
exports) with the additional advantage of reduction in chemical pre-treatments in the plantations.
Good harvest protection against Dacus dorsalis, Dacus Cucurbitae and
Ceratitis capitata (175) has also been obtained in association with high or
low temperature techniques (181, 106) or in alternation with fumigation
(174, 86, 35). Chemical sterilization (78, 80, 129, 143) has been put aside
for questions of toxicity (87).
2.5 Biotechnical methods
The fact that fruit flies feed on juices from various sources (133)
has been exploited for some length of time in the use of poisoned baits
(178), and today, many ammonia releasing substances, such as protein hydrolysate (68), are used for controlling as well as for monitoring the adults of many species. McPhail traps (115, 32, 132, 139, 71, 121, 169), later substituted by others in certain cases more efficient (127), have contributed a great deal to the use of these substances.
The discovery that trypetids are attracted by yellow (190) and the consequent researches on economically important species, such as Rhagoletis cerasi
(19, 20, 26) and Rhagoletis pomonella (151, 152, 15, 8 ) ; have led to the
realization of very effective chromotropic traps. The use of such traps, adequately baited, seems particularly promising as a direct means of pest
control. Tests carried out by IOBC working-groups and the first results of
field trials are extremely interesting (155, 57). Substantial increases in
effectiveness are obtained with additions of micro-incapsulated ammonium
salts (157), protein hydroli^ates or sexual attractants (67, 6 3 ) , all subjects of study over the last few years (134).
Eradication campaigns have been conducted against several pests by using a combination of insecticides and suitable attractants; for example,
methyl-eugenol for Dacus dorsalis (188, 187, 50, 194), cue-lure for Dacus
tryoni and Dacus Cucurbitae (10), and in certain conditions cue-lure also
for Ceratitis capitata (99) thanks to the presence of some intermediate
substances (93).
Trimedlure has been used in various types of trap (162), dispenser
(126) or other plastic equipment (128), and also in combination with extenders (125). Another well-known attractant for Ceratitis capitata is methyl
(E)-6-nonanoate (94). There are, however, some new synthetics (135) which
may well modify present-day trypetid control schemes. A noteworthy example
is 1,7 dioxaspiro (5,5) undecane (5), the synthesis of which concluded a
series of researches on the pheromones of Dacus oleae by Greek (63, 79) and
Italian workers (59, 70) over the last ten years.
Other substances worthy of mention are the repellents and ovideposition
deterrents.
The former have been tried with promising results against
Dacus oleae and Rhagoletis cerasi and the latter, of vegetable origin, against Dacus oleae (43), and of pheromone origin, against Rhagoletis cerasi
(76, 98) and Ceratitis capitata.

527

3.2 The olive grove agroecosystem
Any olive grove protection program-Be against .Dacus oleae, the key insect in
our regions (140, 185, 43, 1, 196), must first consider the overall entomological situation, particularly regarding Saissetia oleae or Prays oleae,
and whether methods and timing of controls against them might compromise
the beneficial entomofauna present (186).
Damage levels in most casés of Dacus attacks (131), according to observations made in Greece and some regions of Italy, would seem to be accettatale if contained within the limit of a 30% crop infestation; this is e s pecially so where harvesting and storing techniques are improved (101).
If such findings are confirmed for other regions, a useful standard
will be established, at least for the treatment of oil producing crops with
cytotropic larvicides. When one considers that maximum oil yields are obtain
ned from the apparently immature drupes of early harvesting (provided that
fallen fruit does not exceed 10%), further reductions in the use of chemicals can be made (201). Intervention threshold indices vary from region to
region. In Sardinia, in good production years
( 50 kg per plant) with limited infestation, the first treatment (with poisoned bait) should be effected in July or August as soon as Rebell trap captures amount to 5 or 6 adults per trap per week.
In low production years
(15 kg per plant) with severe infestation,
treatment should coincide with captures of 50 or 60 adults per trap per
week.Treatment frequency will depend on bait and insecticide persistence
(20 days for Buminal and 30 days for fenthion) and also on possible dispersal by rainfall.
In zones with September downpours of around 20mm, further intervention
with endotherapeutic products may be necessary; this has also proved useful
when captures exceed 60 adults per trap per week. The use of poisoned baits
in early summer to reduce the grand mass of the attacks, with subsequent
cytotropic treatment, would not upset the ecosystem; and the useful enemies
of other phytophages present would not be harmed (172, 85, 155, 108).
With regard to biotechnical means, visual traps baited with alimentary
or pheromone attractants and employed, as already mentioned, according to
the extention of the area to be protected, may possibly be important elements in an integrated scheme. Results obtained in some zones, where infestation was not overwhelming, have already confirmed their utility in certah
conditions.
Recourse to biological agents, in the specific area to Opius concolor
Szèpl., should be greatly increased. This is particularly so during spring,
when its action is not impeded by.poisoned baits (107) or larvicides (111).
Despite the low reproductive potential and rather short longevity of Opius
concolor the validity of such intervention (184) is undeniable where mechanical harvesting does not exist (105, 95). If the Dacus spring populations
developing on harvest residues are not reduced, subsequent massive infestations are likely. As soon as certain rearing difficulties are overcome', Eupelmus urozonus Dalm. can also be considered, but only in areas where competition with Opius concolor is improbable (109).
Contemporary measures could also be taken with more effective timing
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against the other important olive phytophages. Against Prays oleae, micro
biological agents might be a possibility, after monitoring with sexual phe
romone traps (200, 102). The parasites Metaphycus helvolus (Compere) and
Metaphycus bartletti Annecke and Mynhardt could serve to reduce Saissetia
oleae infestations, which could also be contained by regular pruning (179).
"Approach systems based on simulation models, and which take into ac
count the whole of the factors affecting production, are of great value in
establishing the most suitable and most economical combination of cultural,
biological and chemical methods. In California, such simplified systems
have established that the best way of protecting the olive against the four
major pests is biological control by Parlatoria oleae (Colvée), combined
with pruning frequencies suitable to the cultivar in question. A similar
approach system would be useful for our Mediterranean area against Dacus
oleae (31) and black scale.
3.3 The orchard agroecosystem
Again, integrated programmes for controlling Ceratitis capitata must
take into account the whole operational agroecosystem, which, due to the
insect's polyphagia, will be quite extensive (52). The importance given to
the insect depends on the economic importance of the various hostplant
species, which even in one and
■ the same genus (as in the case of citrus
trees) present a variety of characteristics. Other fruit trees (such as the
peach)with their different ripening periods, as well as the often numerous
wild hostplants, all affect the incidence of the dipteran.
Cultural practices must be considered, as well as ecological data, which
will have to be continually reappraised from place to place (44, 173, 34,
177). Thus, it would be erroneous and dangerous to suppose that integrated
control in such systems can be reduced to a fixed model, valid for every
type of cultivation. It is now generally recognized that every existing or
newly formed cultivated area has its own more or less complex biocoenosis
which is influenced by climate, local cultural practices and innumerable
other factors peculiar to the habitat in question, such as the large varia
tion from plant to plant in available insect nutriment (8, 133).
Practical plant protection cannot ignore the interactions present in
such situations and the differentiation between each specific sector (38).
General principles, however, on which every practical decision can and
should be based, must be considered paramount. Environment and human health
must be respected; only then can, immediate economic exigencies, be satis
fied. An examination of ten years' study of the ethoecology of the medfly
and introductory integrated control trials show that the citrus agroecosys
tem in the Mediterranean Basin contains a large variety of phytophages.
The most destructive are Aphis citricola V. d. G., Planococcus citri
(Risso), Pseudococcus calceolariae (Mask), Unaspis yanonensis Kew., Aoni
diella aurantii (Mask), species of Chrysophalus, Lapidosaphes and Cercpla
stes, Saissetia oleae (Oliv.), Dialeurodes citri (Ashm.), Aleurotrixus floc
cosus (Mask), Panonychus citri (Mc Greg), Aculus pelekassi (Keif.) and Ce
ratitis capitata, which, depending on its fluctuation phase, may well head
the list (146, 47, 166).
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2.6 Agronomic practices
Indirectly, cultural practices are a means of increasing the natural
enemies of harmful populations, thus helping to keep damage below levels
considered significant in integrated control programmes.
More effective and more economical protection is obtained by rational
planting, which considers not only the susceptibility to attack of a variety or cultivar (144), but also the entomofauna present in the area beforehand. The difficulties of controlling Dacus oleae are well known in plantations where olives are grown for both table and oil, or where wild host
plants exist such as the oleaster. Similarly, the control of Ceratitis capitata in our regions is complicated by fruit trees with dirferent periods
of ripening, or by the presence of wild plants such as the prickly-pear;
which should be eliminated unless utilized, for example, as bait (133, 199).
In the case of the olive, mechanized harvesting is of particular intepest; apart from economical advantages, production is regularized and no
part remains to provide sustenance for Dacus spring generations.
A practice which deserves more attention is that of pruning; not only
for the control it exerts on the trypetids, but also on other harmful entomofauna, to be constantly borne in mind in modern control schemes. Correct
pruning can effectively contain black scale attacks, thus avoiding inopportune treatments which can lead to excessive infestations of Dacus oleae,
for example, through drastic reduction of parasites.
Irrigation has also to be considered. Predisposition to attack may be
increased (by favouring, for example, early ripening) or reduced (by overhead spraying, for example, to wash away natural attractants such as honeydew). Finally, importance must be given to the destruction or localized
treatment of damaged or fallen fruit (48).
3. INTEGRATED CONTROL IN PRACTICE
3.1 Generalities
In view of behavioural uniformity of most trypetids of economic importance and the results of numerous studies on the subject (12, 167, 196, 43,
28), it can be stated that sufficient bases now exist for the development
of concrete integrated control projects. Appropriate sampling techniques,
sufficiently defined intervention thresholds, good knowledge of available
chemical, biological and cultural means, extensive bio-ecological information regarding the key insect pests and other entomofauna in the respective
agroecosystems ,all are now at our disposition. However, in a general strategy against all trypetids in our regions, tactical planning will vary according to local characteristics (24). Isolated plants may be best protected by biotechnical control; small or medium size plantations by a combination of chemical, biotechnical and cultural methods; very large agroecosystems by biotechnical and autocidal techniques, with chemical intervention
only if and when absolutely necessary.
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In most cases, reliable studies are available on economic thresholds
(6, 145, 136) allowing considerable reduction in chemical intervention.
Still greater improvement is obtainable with selective chemicals which do
not affect the beneficial entomofauna.
In the Mediterranean region, sufficient information has now been compiled (13, 196) for integrated control to include chemical products when the
thresholds are exceeded. A suitable scheme for citrus groves could be the
following:
1) a spring treatment against leaf-curling aphids, coinciding with vegetative reactivation (often linked to irrigation practice);
2) a summer treatment against Planococcus citri with white oil;
3) a treatment against mites especially in lemon orchards;
4) one or more treatments against Ceratitis capitata with poisoned protein
baits.
This procedure is made possible by periodic release and diffusion of
parasites and predators such as Lysiphlebus testaceipes (Cr.), Aphytis melinus De Bach, A. lepidosaphes Comp., Prospaltella lahorensis (How.), Metaphycus helvolus (Camp.) and M. bartletti Ann. et Mynh., Cryptolaemus montrouzieri Muls: and Clithostetus arcuatus Rossi (197) .
Regarding Ceratitis capitata, which in 1977 caused four thousand million liras worth of damage in Sardinia (156) alone with 50% production
losses in clémentine-mandarins and over 25% in peaches, traditional larvicidal treatment is no longer to be used and, in any case, has certainly
been responsible for producing resistant strains (142). Recommended, instead, are localized protein baits poisoned with fenthion, if Planococcus
citri density is low (146), or, as already used in several regions (160,
118, 4 9 ) , with malathion. Sterile-male release can also be used as an alternative (166). Economic thresholds, determined with trimedlure baited
Rebell 78 traps in the ratio of 10 per hectare, are established at 15 adults per trap per day, reducible to a fifth in the case of early or late
cultivars.
For clémentine-mandarins and grapefruits the thresholds are
6 adults per trap per day. Confirming an already known fact, this treatment
has not caused any noticeable reduction of major beneficial insects (3,
172). The more sensitive fruit crops such as peaches are problematic, since
great damage can be done to the ripe fruit even with minimum trap captures,
which cannoti therefore, give warning in time to take preventative measures.
In such cases, integrated protection policy should seek resistant cultivars
to plant with the early varieties, which usually escape the attacks.
Small growers should not ignore the use of attractants. In this respect, super-traps which combine visual, alimentary and sexual attractabilities, offer great possibilities.
Studies are in progress on Rebell 78 traps, or similar, coated with
glue and trimedlure, baited with protein and microencapsulated ammonium
salts, and reinforced with pheromones (134)(1 .
(1) Further useful protection could be provided by baits made attractant
with trimedlure, or Die like, and poisoned with malathion; such as the
thick pieces of cotton string (25cm long) used against Dacus tryoni in
the ratio of 30 per hectare (11).
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The bio-ecological information acquired by now on Ceratitis capitata
in the Mediterranean area (36) encourages the consideration of autocidal
techniques in larger plantations (23) provided that local policy and organizational difficulties can be overcome.
Then, as in other countries (for example Bolivia, Mexico, Guatemala)
(14, 120, 150, 74, 148, 149, 64) the use of biological agents should be
tried. Very promising information is available on many of these, including
Opius concolor Szèpl. (Im.: Braconidae), Biosteres longicaudatus (Ashm.)
Im. B r a c ) , Biosteres oophilus (Fullaway ) (Im. B r a c ) , Pachycrepoides vindemiae (Rond.)(Im. Pter.), Aceratoneuromyia indica Silv. (Im. Eulop.), Coptera occidentalis Mues., Muscidifurax raptor Girauld (Im. Pter.), Dirhinus
giffardi (Silv.) (Im. C h a l e ) .

Tab. I. Different control techniques used against fruit-flies in Mediterranean Basin.

Control

Efficacy

Diffusion Ecological Operation
impact
cost

Biological
Autocidal

+++

++++

Parasites

+

++

Chemical
Pesticide
Bait-sprays
Biotechnical
Mass trapping
(visual)
(pheromones)

++?
+?

Cultural
Anticipated harvest
Mechanical harvest
Resistent cultivars
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++++

+++

+++

++

Resulting from numerous studies (77, 114) and ethological information
obtained in the Mediterranean Basin (17, 9, 65), measures against Rhagoletis cerasi can also be successfully fitted into integrated control programmes. The principle of varying methodology in accordance with size and importance of the cultivation area has led to excellent results as well as
considerable reduction in traditional treatments with chemical larvicides,
despite the impossibility of recourse to biological agents and the high
quality of product required by commerce (17).
Summarizing the results of about 20 years' work by the Wädenswil Res-_
earch Station in Switzerland, it can be said that choice of survey equipment is fundamental. Visual trap improvement has produced an attack forecasting system that enables control measures to be spaced as much as every
two or four years, with considerable reduction in costs (16, 18, 159). The
same equipment has given excellent direct protection in isolated trees or
in those scattered in urban areas. Commercial orchards can use these traps
both for forecasting and direct production, thereby reducing, as just mentioned, the costs of protection with chemical such as dimethoate and formathion. Large scale use of autocidal techniques, rendered possible by massrearing on plants of the genus Lonicera, would seem economically feasible,
if quality of the biological agents is assured (26). Another similar system
is based on the crossing of incompatible races (29), demonstrated in Austria (170) .

4. CONCLUSION
In conclusion, it must be emphasized that no matter how possible it is
for scientists and technicians to plan integrated control programmes, effective realization requires administrative support. Local bodies should be
responsible for:
1) motivating the collection of data in all homogeneous areas in order that
forecasting may be prepared by agricultural warning stations or by technical assistance centres;
2) establishing a closer relationship between research laboratories and assistance centres in order that scientific information may be made more
readily useable, especially regarding intervention thresholds;
3) coordinating the various projects existing in different cultural situations and defining the homogeneous areas to be protected;
4) providing professional preparation of technicians with continuous up-to-date revision;
5) organizing an information service for growers;
6) improving regional plant protection services and organizing special quarantine stations to protect existing cultivations from the possible introduction of harmful new organisms.
Finally, it should be
re-emphasize that no system of integrated control can become generalized until the agricultural operators concerned are
informed and well practised in technical innovations which are, in most
cases, known only to scientific institutions.
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Vers une amélioration de la lutte intégrée dans les agro-systèmes
méditerranéens menacés simultanément par les mouches des fruits
et les homoptères
G.IPERTI
Laboratoire Emile Biliotti, Valbonne, France

RESUNE
Pour lutter contre les Diptères Trypetidae qui attaquent de nombreuses
espèces fruitières du Bassin méditerranéen, la majorité des arboriculteurs ont recours aux interventions chimiques afin de protéger leur
récolte. Leur emploi généralisé s'accommode assez mal des principes
prBnés par la Lutte Intégrée (Directives N°1 - Bulletin O.I.L.B./
S.R.Q.P. 1977/4) (4).
Or, les mouches des fruits ne constituent pas les seuls ravageurs à
craindre sur Agrumes, Oliviers, Pêchers et Abricotiers ; les Homoptères peuvent se révéler, également particulièrement dangereux. Contrairement aux Trypétides, - les Cochenilles, les Aleurodes et les Pucerons bénéficient de la présence de complexes régulateurs souvent
efficaces.
Aussi, pour améliorer la Lutte Intégrée en arboriculture méditerranéenne, doit-on prendre certaines_ précautions sur le triple plan entomologique, toxicologique et écologique. Les dispositions à prendre
visent :
- à épargner la faune auxiliaire (C.P. CLAUSEN, 1940) (5),
- à respecter des règles précises sur les modalités d'application des
insecticides [R.L. METCALF, 1980) (10),
- à rechercher des types d'associations végétales arboricoles à privilégier (C. ARGYRIOU, 19B1 ; A. BALACHOWSKY. 1932) (2 & 3 ) .
Le survol des problèmes posés par le développement de la Lutte Intégrée dans les agrosystèmes méditerranéenes menacés par les mouches des
fruits a permis :
- de dresser un inventaire non exhaustif des mesures à prendre sans
délais,
- de rappeler les indispensables précautions à respecter,
- et de souligner le sens des recherches à développer.

1. INTRODUCTION
Les Diptères Trypetidae conditionnent la protection phytosanitaire de
nombreuses essences fruitières dans le Bassin méditerranéen. Leur action
s'Bxerce souvent de façon draconienne (G. MATHYS, 1980) (9), ainsi :
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= Ceratitis capitata WEID. visàvis des Agrumes (Oranger, Mandarinier,
Clémentinier, Citronnier, e t c . . ) et des Amygdalées,
= Dacus oleae GMEL. à l'égard des Oliviers,
= ou Rhagoletis cerasi L. à 1'encontre des Cerisiers.
Malgré les espoirs placés dans les méthodes de lutte génétique, assor
ties d'améliorations biotechniques intéressantes[BOLLER,19Θ1)(4), la majo
rité des arboriculteurs ont recours aux interventions chimiques pour proté
ger leur récolte. Leur emploi généralisé s'accommode assez mal des princi
pes prônés par la Lutte Intégrée qui vise à obtenir des fruits de qualité,
tout en assurant la préservation des auxiliaires et la protection du milieu
environnant (Directives N°1  Bulletin O.I.L.B./S.R.O.P., 1977/4Π7].
2. LA PROTECTION DES AGENTS BIOLOGIQUES
Les Mouches des fruits ne constituent pas les seuls ravageurs à crain
dre sur les Agrumes, les Oliviers, les Pêchers et les Abricotiers. On trou
ve également sur ces cultures, des Homoptères (Cochenilles, Aleurodes,
Psylles et Pucerons] bien combattus par l'action d'ennemis naturels effica
ces (voir tableaux I, IIA et IIB) et des Lépidoptères (Teigne de l'Olive,
Prays oleaellus HB., Tordeuse Orientale du Pêcher, Grapholita molesta BUSK.)
visàvis desquels l'emploi des phéromones, aidées en cela par certains en
tomopathogènes, peut faire évoluer la protection intégrée du verger dans le
sens souhaité (Bulletin OILB/SROP, 19B1/IV/2) (8).
Sans épiloguer sur les Amygdalées à feuilles caduques, et malgré les
différentes espèces de Trypétides qui attaquent Agrumes et Oliviers, ces
deux dernières essences présentent de nombreux points communs :
 elles conservent leur feuillage toute l'année,
 elles supportent souvent d'importantes populations d'Homoptères,
 elles abritent donc des complexes régulateurs assez voisins, surtout
en ce qui concerne les prédateurs (C.P. CLAUSEN, 1940)(5).
 et enfin, elles représentent des refuges appréciés pour une foule
d'insectes auxiliaires, qui trouvent à la fois sur ces arbres, un abri et
de la nourriture sucrée, sous forme de miellat, sécrété en abondance par
les Homoptères.
Toutes ces données botaniques et entomologiques qui tendraient à rap
procher plutôt ces deux espèces végétales constituent autant de raisons
écologiques imperatives pour les séparer. En effet, l'automne reste sur le
plan de la vulnérabilité des fruits une période éminemment critique. Pour
des raisons identiques, il semble préférable de séparer les vergers de pê
chers et d'abricotiers, pour lesquels le printemps devient une période où
ils courrent les plus grands risques.
3. LES MODALITES D'UTILISATION DES PESTICIDES
Même appliqués de façon raisonnée, les insecticides préconisés pour
lutter contre les mouches des fruits, le plus souvent des organophosphorés
(ACTA, 1980, 3ème Edit.)(1) s'avèrent tous toxiques ou très toxiques visà
vis de la majorité des auxiliaires (voir tableau III).
Rejetant catégoriquement le concept inacceptable d'éradication dans un
contexte de lutte intégrée, l'utilisation des insecticides doit obéir à
certaines règles précises comme :
 la surveillance des seuils économiques de tolérance,
 l'utilisation des insecticides les moins toxiques,
 l'affinage des méthodes d'application,
 la réduction de dose des formulations utilisées,
 la préconisation d'une rotation des insecticides.(METCALF, 1980) (10)
Toutes ces précautions conduisent concrètement à conseiller, pour lutter
contre les Trypétides, l'utilisation du Trichlorphon, le seul qui n'élimine
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pas complètement les prédateurs (LINGREN 8 al.,1967] Í6). De même, l'emploi
du flalathion qui n'induit pas de phénomènes dB résistances multiples ne
doit pas être négligé. Par contre, pour cette dernière raison, doit-on bannir celui du Diazinon. De même, dans certains cas, faut-il interdire l'emploi du Diméthoate qui agit comme agent effectif de résistance, vis-à-vis
d'autres insecticides comme les Pyrhétrinoïdes.
4. LES ASSOCIATIONS VEGETALES A PRIVILEGIER
Afin d'améliorer la Lutte Intégrée, il s'avère important de connaître
les types d'associations végétales arboricoles à privilégier au sein des
agrosystèmes méditerranéens et s'attacher :
- à diminuer les possibilités de multiplication des mouches des fruits
par la suppression de certains arbres ou arbustes relais à proximité des
vergers productifs,
- et à augmenter la densité d'agents biologiques utiles, par la conservation ou l'implantation de certains essences spontanées sur lesquelles
les hôtes réceptifs ou les proies de certains auxiliaires peuvent se développer aisément.
Dans les zones consacrées à l'arboriculture, les vergers productifs
s'interpénétrent de façon plus ou moins ordonnée. Ce découpage découle bien
sûr de considérations agronomiques et hydrauliques, mais tiennent souvent
au régime foncier et au droit rural en usage dans les régions concernées.
Les notions écologiques ne déterminent plus rien, dans ce domaine, depuis
fort longtemps, face aux lois du marché et aux notions de profit qui influant de façon primordiale sur l'importance relative des diverses essences
arboricoles complantéBs.
Et pourtant, si l'on souhaite réellement développer une production
agricole intégrée, on peut s'interroger sur l'opportunité de repenser complètement les paysages arboricoles actuels de chaque région, en fonction de
données entomologiques précises, sans négliger pour autant les considérations agronomiques, climatiques et socio-économiques. Les quatre principales espèces fruitières considérées devraient de préférence occuper des zones agricoles différentes. De plus, l'implantation de chaque type de vergers devrait s'accompagner d'un cortège d'arbres ou d'arbustes spontanés
placés en bordurB (ARGYRIOU, 1981} C2) et BALACH0WSKYM932) (3) et constituer
autant de refuges où les agents biologiques pourraient venir s'abriter.
Pour toutes ces raisons, on devrait favoriser certaines associations
végétales, ainsi :
- celles des orangers dans un environnement de lauriers-roses, de
caroubiers, de cyprès, d'acacias et de tamaris,
- celles des oliviers avec les lauriers-roses, le pistachier, le grenadier, 1 B figuier, le pittosporum, les chênes et 1 B pin d'Alep,
- celles des abricotiers avec l'amandier, le frêne et la vigne,
- et CBlles des pêchers avec le peuplier, le saule, l'orme et la vigne
[voir tableau IV].
De même, dans les régions arboricoles, on devrait éviter de planter
des essences relais sur lesquelles les mouches des fruits peuvent développer des générations supplémentaires.
5. CONCLUSION
L B survol des problèmes posés par l'amélioration de la Lutte Intégrée
en arboriculture méditerranéenne menacée par la mouche des fruits a permis :
- de dresser un inventaire des mesures à prendre sans délais,
- de rappeler les indispensables précautions à respecter,
- et de souligner le sens des recherches à développer.
Les mesures à prendre immédiatement concernent l'emploi des insecticides. Certes, l'application partielle dB traitements sous forme d'hydrolysats
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empoisonnés représente déjà un réel progrès ; mais, on devrait le com
pléter et traiter, exclusivement, les arbres qui supportent la plus faible
population d'Homoptères possible. De plus, on parle souvent des nouveaux in
secticides comme les Pyrhétrinoldes. Leur efficacité n'est pas à mettre βη
doute ¡ mais, il faudrait les employer avec la plus grande circonspection,
pour éviter des phénomènes d'adaptation et de résistance, sans perdre de
vue leur haute toxicité à l'égard des organismes aquatiques.
Les précautions à respecter s'adressent essentiellement à l'environne
ment ; elles visent à constituer des zones refuges aussi nombreuses et aussi
diversifiées que possible, à proximité des vergers productifs, pour favori
ser la présence des principaux agents régulateurs et pour réduire les popu
lations d'Homoptères à des niveaux non dédommageables aux cultures. Elles
peuvent produire l'effet attendu, si l'on s'efforce d'associer des espèces
botaniques complémentaires sur le plan des ravageurs et de leurs auxiliaires.
Les études poursuivies pour améliorer les méthodes génétiques de lutte
contre les mouches des fruits, doivent trouver un complément dans la sélec
tion de variétés végétales plus résistantes et dans la recherche de nouveaux
auxiliaires. Dr, les pupes de Trypétides effectuent toujours un séjour dans
la litière du sol. Donc, il parait judicieux de prendre en considération les
agents biologiques utiles inféodés à ce milieu comme : les fourmis, les
carabes, les araignées, e t c . . Déjà en 1918, PEMBERTON & WILLARD signalaient
à Hawaï, l'efficacité de Pheldole megacephala F. [Hymen. Formicidae) contre
un tel ravageur (in C.P. CLAUSEN, 1940](5).
Si les mouches des fruits mettent en péril la production arboricole
méditerranéenne, les méthodes de lutte utilisées pour les combattre laissent
planer une menace beaucoup plus lourde sur un environnement particulière
ment fragile. Des interventions répétées, appliquées simultanément sur des
surfaces importantes, détruisent une quantité considérable d'auxiliaires.
La majorité de ces derniers combat efficacement les Homoptères inféodés es
sentiellement à la strate des arbres. Dr, ces ravageurs jouent un rôle non
négligeable sur la disparition progressive et fréquemment irréversible du
couvert végétal arborescent spontané, précédant de peu, l'apparition des
processus de désertification. Aussi, paraîtil dangereux d'enrayer l'action
des mouches des fruits par n'importe quel moyen, surtout sous le climat
méditerranéen. Et, comme le rappelait SMALHNAN en 1964, il serait dommage,
pour n'avoir pas su perdre momentanément une bataille contre un ravageur,
ne plus jamais entrevoir une issue favorable au combat mené, pour obtenir
une réelle protection phytosanitaire intégrée des plantes, dans un environ
nement propice
au maintien des équilibres naturels. [11].
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- TABLEAU I PRINCIPAUX AUXILIAIRES INFEODES AUX APHIDES SUR CITRUS ET SUR AMYGDALAE
RAVAGEURS

PARASITES
[Indigènes]

/CDLEOPT./ COCCINELLIDAE
Adalia bipunctata L.,Adalia decempunctata L.«Synharmonia conglobate
L., S. doublieri MULS., Scymnus
subvillosus GOEZE, Sc. frontalis
FABR., Sc. suturalis THUMB., Sc.
rubromaculatus GOEZE.

/APHIDIDAE/
1. Sur Citrus
Aphis gossypii GLOV.
Aphis citricola V.D. GOOT
Toxoptera aurantii B.de F.

/DIPTERA/ SYRPHIDAE
Syrphus ribesii L., S. vitripennis
MEIG., Epistrophe balteata DEGEER,

Myzus persicae SULZ.
2. Sur Amygdalae
Brachycaudus prunicola K.LTB
Brachycaudus persicae PASS.
Myzus varians DAVIDS.
Hyalopterus pruni GEORG.

PREDATEURS
(Indigènes)

APHIDIDAE
(Praon sp.!

Myzus persicae SULZ.

CECIDOMYIIDAE (50 espèces)
/NEVROPTERA/ CHRYSOPIDAE
Chrysopa perla L., C.7 punctata
WESM., C. carnea STEPH., e t c . .
HEMEROBIDAE : Semiadalia
aleyrodiformis STEPH., Niñeta
flava SCOP., etc...
/HETEROPTERA/ ANTHOCORIDAE
Anthocorus nemorum L., Orius
minutus L., etc...
NABIDAE : Himacorus
apterus F., H. mimicoïdes COSTA,
etc...
PENTATOMIDAE : Pentatoma
rufipes L., etc...
MIRIDAE, e t c . .
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: SUR CITRUS ET OLIVIER  Β .
P A R A

.A.

EXOTIQUES
/ALEURODIDAE/

Alcurothrixus
»ialeurodea

: SUR PECHER

S I T E S
INDIGENES

EXOTIQUES

/HYHENOPT./ APHELINIDAE

f l o c c o e u i HASK C a l e a n o a c k i HOU.

c i t r i ASKM.

Encaraia

l a h o r e n a i a HOU.




/COLEOPT./ COCCINELLIDAE

Dialeurodea c i t r i

ASHH.

C l i t o a t e t u » arcuatuaa

POSS.

/THYSANOPIERA/
Dialeurodea c i t r i

ASHH.

Aleurothripi
FRANKL.
/HYHENOPT./ APHELINIDAE

/HYHENOPT./ APHELINIDAE

A a p i d i o t u a n e r i i B OUCHE

A p h y t í a c h i l e n a i a HOU.

Aipidiotui
Aonidiella

A p h y t i a a e l i n u a DE B ACH.

AapidiotiphajtuB c i t r i m i a
CRAU.
A p h y t i a p o d í a UALX.
Coopericela b if«aciata
HOU.
Aphytia chryeoephali
HERCET

/DIASPIDIDAE/

n e r i i B OUCHE
a u r a n t i í HASK.

Chryaomphalua
HORG.

dictyoaperai

A p h y t i a B e l i n u · DE B ACH.

Aepidiatiphagua
l o y n s b y r j L l B ERL.PAOLI
Chryaomphalua « o n i d i u e L.

A p h y t i a h o l o x e n t h u a DE BACI

L e p i d o a a p h e a b e c k i l NEWH.
F a r l a t o r i a p e r R a n d e i COHST.

Aphytia

/COLEOPT./ COCCINELLIDAE

Exochoaaji 4 p u e l u l a t u e

citri

Nephua n i « r i c a n a WEISE
Rhitobiua
BLAISD.

lophaota»

l e p i d o a a p h e a COMP.

(40

. e p t o a a a t i x d a c t y l o p i i B OU

A n a g y r u a b o h e a u n i HESTU. C r y p t o l a a a u e
HULS.
L e p t o a e a t i d a a abnormi a
GIR.
LeptomaatLx d a c t y l o p i l
HOU.

L.

Hetaphycua l o a m burri 1
HOU.
Hetaphycue b a r i l e t t i
ANN. 1 HYN.

"
Saiaaetia

"
o l e a e B ERN.

„

..

»

/HYHENOPT./ FTEROHALIDAE

/COLEOPT./ COCCINELLIDAE

aontrouaieri Octhiphilidae

/COLEOPT./COCCINELLIDAE

/COLEOPT./ COCCINELLIDAE

lcerylae

/HYHENOPT./ APHELINIDAE
P r o a p a l t e l l a b e r l e a e i HOU

pentagona
pernícíoaua

ap.

/COLEOPT./ COCCINELLIDAE
Hov i u à c a r d i n a i i a HULS.

/HYHENOPT./ APHELINIDAE

/DIASPIDIDAE/

ap.

ί Leucopia

S c u t e l l i a t a c y a n a a MOTSCS

/DIPTERA/
Chryptocheotina
UILL.

Tsciidjulacaapia
TARO.
QnaJraapidiotua
COÏIST.

/DIPTERA/ Cec i d a n y i a

APHELINIDAE
C o c c o p h a g u a l y c l a m i a UALK
EULOPHIDAE:Tetraatichua
c e r o p l a a t e a CIRAULT
R h i t o b i u a f o r e · t i e r i HULS ExochOBMB 4 p u a t u l a t u a L .
H e t a p h y c u e h e l v o l u a COUP. P T E R O K A L I D A E l S c u t e l l i a u
ţ v a n a e, HOTSCH.
ENCYRTIDAE
Hetaphycua zebratua
/ L E P I D O . / NOCTUIDAE
H e t a p h y c u a f l a v u a HOU.
HERCET
C o c c i p h a R a i c i t u l a RB R.
D i v e r a i n e r v u a alemana
SYLV.
H e t a p h y c u a l o u n a b u r y l HOU
Hetaphycii b a r i l e t t i
ANN. a HYN.
APHELINIDAE :CoccophaRua
a c u t e l l a r i a DAL«.

/HARGAROIDAE/
I c c r y a p u r c h a s i HASK.

B.

ap

eepeteel

/■EUROPTERA/
Chryaopa c a r n e a STEPH.

iquireuU

RISSO

Ceroplaatei ainenala
DEL GUERCIO
C e r o p l a a t e e f l o r i d e n a l e COHST

i o r d a n e n a i e FVRSCH.

/DIPTERA/ CECIDOMTIIDAE

/HYHENOPT./ EHCYRTIOAE

/HYHENOPT./ ENCYRTIDAE

■eohua

NITIDULIDAE C y b o c e p h a l u a
A p h y t i a m a c u l l c o r o i e MASI

/HYHENOPT./ APHELINIDAE

/COCCIDAE/
Ceroplaatee ruacl

L.

Nephua f l a n e l l l a i p h o n a t u e
FURSCH.

Proapaltella
SYLV.

rianococcui

/COLEOPT./ COCCINELLIDAE

C h i l o c o r u e 2 p u a t u l a t u a L.
N e p h i a 4 a u c u l a t u a H B ST.

A p h y t i a h i a p a n i c u a HERCET

/PSEUDOCOCCIDAE/

faaciapennia

Proapaltclla

row.

peroicioai

—
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/COLEOPT./ COCCINELLIDAE
( v o i r piua haut l e a p r é d a t r i m
l e a D i a a p i d i d a e aur C i t r u a t i
íliviera).

- TABLEAU III LISTE ET CARACTERISTIQUES DES PRODUITS AUTORISES EN FRANCE POUR COMBATTRE LES MOUCHES DES FRUITS
(d'après 1'A.C.T.A. 1980 - 3ème Edi.ti.onH1].

MOUCHES DES FRUITS
PRODUITS

Ol
Ol

MATIERES ACTIVES

Caratitis
capitata

Rhagoletis
cerasi

TOXICITE
AUX

Dacus
oleae

ENTOMOPHAGES

MORTALITE
DES

REMANANCE

AUXILIAIRES
?

DECAMETHRINE

Pyréthrinoldes

-

X

X

?

DIAZINDN

Organo-phosphore

-

X

X

ToxiquB

61 à Θ1 %

8 jours

DIMETHOATE

Organo-phosphoré

X

X

X

Très toxique

81 à 100 %

2 à 3 sem.

FENTHION

Organo-phosphoré

X

X

X

Très toxique

81 à 100 %

15 à 20 j .

FORMOTHION

Organo-phosphoré

X

X

X

Très toxique

81 à 100 %

3 semaines

MALATHION

Organo-phosphoré

X

X

Toxique

61 à 81 %

8 jours

OLEDPARATHION

Organo-phosphoré

X

Très toxique

81 à 100 %

10 à 15 j .

PHOSPHAMIDON

Organo-phosphoré

TRICHLORFDN

Organo-phosphoré

3 à 4 sem.

ω

X
X

Renseignements
contradictoires
Moyennement
toxique

41 à 60 %

qq. jours

1D jours

 TABLEAU IV 
HABITAT (LIMITE AUX ARBRES ET AUX
ARBUSTES) DES PRINCIPALES ESPECES DE
COCHENILLES COMBATTUES EFFICACEMENT
PAR DES AGENTS BIOLOGIQUES ET SUS
CEPTIBLES D'ATTAQUER LES AGRUMES ET
L'OLIVIER, LE PECHER ET 1'ABRICOTIER
( d ' a p r è s BALACHOWSKY, 1932) ( 2 ) .
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Combating the fruit fly problems in Australia:
The current situation and future prospects
B.S.FLETCHER & M.A.BATEMAN
CSIRO Division of Entomology, Warrawee, Australia

Summary
Australia has over 80 species of indigenous dacine fruit flies but
only a few of them are of economic importance. The major pest species are Dacus tryoni and D. neohumeralis which attack a wide range
of commercial hosts in Eastern Australia. A single introduced
species Ceratitis capitata, which is normally restricted to Western
Australia is also of economic importance. Certain other species
which do not occur in Australia, noteably D. dorsal is and
D. Cucurbitae, also represent a continued tRreat because of their
presence in countries close to Northern Australia. The problems
posed by these pests and the procedures currently used to overcome
them are summarised.
Prospects for the development of improved management procedures
are also reviewed with particular reference to D. tryoni. It is
concluded that for the forseeable future area suppression programmes
relying on protein bait preparations applied as spot sprays on
foliage will continue to be the optimal management procedure in
areas where native species are endemic. In other areas, where
eradication of existing or founding colonies is likely to be the
main goal genetic methods may well play an increasingly prominent
role, particularly in the case of C. capitata.
Résumé
L'Australie a plus de 80 espèces de mouches de fruit Dacine, qui lui
sont propres, mais quelques-unes d'entre elles sont d'importance économique. Les plus importantes de ces espèces sont Daous tryoni
et D.
neohumeralis
qui attaquent un grand nombre d'hôtes dans la partie Est de
de l'Australie. Une seule espèce fut importée, Ceratitis
capitata,
dont
l'habitat est limité à l'Australie de l'ouest, et qui est aussi d'importance économique. Certaines autres espèces qui ne se trouvent pas en

Australie, principalement D. dorsalis

et D. Cucurbitae

présentent éga-

lement une menace, de par leur présence dans des pays voisins du nord
de l'Australie. Les problèmes causés par les. pestes et les procédés employés actuellement pour les surmonter sont résumés ci-dessous.
Les perspectives pour le développement des méthodes de supervision sont
aussi passées en revue, surtout en ce qui concerne D. tryoni.
Nous pouvons conclure que dans un proche avenir, les programmes d'élimination
par superficie, se fiant à des préparations d'appâts à base de protéine
appliquées par pulvérisation localisée sur feuillage continuera à présenter la méthode par excellence sur des étendues où les espèces indigènes sont endémiques. Dans d'autres superficies où l'élimination des
espèces existantes ou des colonies en voie de formation sera probablement le but principal, des méthodes génétiques pourront sans doute jouer
un rôle important qui ne fera que croître, surtout dans le cas de

C.

capitata.
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1.

INTRODUCTION

There are more than 80 species of dacine fruit flies in Australia,
but only about nine are of significant economic importance. The most
destructive species, by a considerable margin, is the Queensland fruit
fly, Dacus tryoni (Froggatt), which has a wide distribution in Eastern
Australia and attacks almost all varieties of commercially grown fruit.
A sibling species, D. neohumeralis Hardy, is also of major economic
importance, since it attacks a similar range of commercial fruit, but
it is more restricted in distribution.
Other indigenous species of some economic importance have been
listed by Drew eţ al_. (8) and include D. jarvisi (Tryon) which is a
widespread and potentially serious pest of deciduous and tropical fruits
in eastern and northern Australia; D. cucumis French, which is an impor
tant pest of cucurbits in Queensland, and D. musae (Tryon) which is a
major pest of bananas in northern Queensland".
The other major pest species is the introduced Mediterranean fruit
fly, Ceratitis capitata (Wiedemann) which now occurs only in Western
Australia, where it is the only fruit fly that attacks commercially grown
fruits.
A further problem is the potential threat to Australian fruit and
vegetable production posed by the presence of D. dorsal i s (Hendel) and
P. Cucurbitae Coquillett, two of the world's most destructive tephritids,
in parts of Indonesia and Papua New Guinea, relatively close to the
Australian mainland. In addition, there are several other species of
considerable economic importance on the islands of the South Pacific
Ocean (8).
2.

THE CURRENT PROB LEMS AND THE MANAGEMENT PROCEDURES
USED TO DEAL WITH THEM"

The principal fruit fly problems confronting Australian agricultural
authorities are shown in Fig. 1. In summary they include:
1. the control of the indigenous pest species in those areas of eastern
and northern Australia where they are endemic;
2. the control of medfly in Western Australia;
3. the continuation of quarantine measures aimed at excluding potential
colonizers (especially D. tryoni and C. capitata) from areas within
Australia which historically have been free of fruit fly pests;
4. the early detection of any of the exotic pest species that may invade
northern areas, so that eradication procedures can be implemented
rapidly.
In areas where the pest species are endemic, commercial growers pro
tect their crops with bait sprays (usually hydrolysed yeast preparations
plus malathion) or with cover sprays of systemic insecticides such as
fenthion. In many of the smaller or more isolated towns in the endemic
regions, area control programmes are organised by local councils to sup
press populations of D. tryoni. These programmes, which are often highly
effective, rely on protein bait sprays applied as spot sprays on foliage
from moving vehicles. In other urban areas residents are required by law
to control fruit flies on their properties, by spraying or by destruction
of fruit. Despite these regulations extremely large populations of
D. tryoni build up each year in many urban areas, free from any control
pressures, and immense quantities of fruit are destroyed.
To prevent the spread within Australia of D. tryoni and C. capitata,
the two species which appear to have the greatest bioclimatic potential
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Flg. 1
Diagram of the Australian region indicating the distribution of the major
pest fruit flies and the problems involved. See text for details.
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Fig.

2

Schematic representation of the life system of D. tryoni and potential
intervention points for control procedures with minimum reliance on
insecticides.
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for range expansion (13), restrictions are placed on the movement of
fruit into threatened areas and these are enforcd by quarantine checks
at roadblocks. Grids of male lure traps, maintained and serviced by
officers of the State Departments of Agriculture, are used to detect any
introductions that do occur. If, as happens from time to time, either
species is detected, an eradication programme along the lines described
by Bateman (8), using protein hydrolysate bait sprays and fruit stripping
as the main procedures, is implemented, and continued until the population is exterminated. Over the years outbreaks of D. tryoni in various
parts of Victoria and in Adelaide have been successfully dealt with in
this way, as have outbreaks of C. capitata in South Australia and in
Alice Springs in central AustraTTa.
To prevent the introduction of exotic pest species into Australia,
commercial fruit importation is restricted to declared ports of entry
where rigorous quarantine regulations are enforced. Produce originating
in countries where fruit flies are endemic must have received an approved
form of commodity treatment prior to loading or will be given such treatment immediately on arrival. The importation of fresh fruit or vegetables by private travellers is prohibited unless special approval is
obtained, and all compartments of arriving aircraft are sprayed with a
rapid knockdown insecticide prior to the release of passengers or freight.
Despite these precautions there is the ever-present possibility that
D. dorsalis or D. Cucurbitae may enter northern Australia either by longrange displacement of adults in cyclonic air streams (18) or in infested
fruits carried aboard fishing boats or other small craft which enter the
coastal waters from time to time. To give early warning of such introduction, lines of traps baited with methyl eugenol or cuelure have been
established along much of the northern coastline, in Western Australia,
Northern Territory and Queensland. D. Cucurbitae did, in fact, succeed
in establishing a colony in the Darwin area early this century but it
was rapidly eradicated. D. dorsalis has not been detected in Australia,
although a previously unknown native species, which is almost identical
with it morphologically, caused great concern some years ago when it
appeared in methyl eugenol traps, initially on islands to the north of
Darwin and later over considerable areas of the north-western corner of
the mainland (1). This species has since been shown to breed in a single
native host, and has been named D. opiliae Drew & Hardy (7).
3.

FUTURE PROSPECTS FOR FRUIT FLY MANAGEMENT IN AUSTRALIA

In developing management systems for pest tephritids in Australia,
our principal objectives have been to protect non-targét organisms by
reducing to a minimum the total quantities of insecticides used, and
reducing also the usage of highly toxic broad spectrum chemicals.
Accordingly, major emphasis has been placed on systems involving baits
rather than contact poisons and discrete "spot" applications on foliage
rather than cover sprays.
The sterile insect release method has been tested against D. tryoni
in eastern Australia (15) but no large-scale eradication campaign has
been seriously contemplated. D. tryoni is an indigenous species with an
extremely extensive distribution, including many inaccessible rain
forest areas where it breeds in native fruits. Throughout much of its
range it co-exists with species that are known to be capable of breeding
in commercial fruits, and host allocation among this complex of species
is almost certainly determined, to a considerable extent, by competitive
exclusion. If D. tryoni were to vacate the commercial fruits it is
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highly probable that its place would soon be taken by one of the lesser
species, which would rapidly assume major pest status. Even if eradication of D. tryoni were possible, therefore, there are good biological
reasons for believing that the effort and expense would be wasted.
Medfly, on the other hand, is an introduced species occupying an
area where there are no indigenous dacines. It breeds almost entirely in
cultivated hosts and therefore is restricted primarily to areas where
there is human settlement. It can be suppressed fairly effectively by
protein bait spray programmes and these lead to considerable reductions
in insecticide usage within orchards. In the long term, however, eradication would be the most sensible option for dealing with this species,
since there are no local competitors that might take its place. A pilot
programme to evaluate the cost and feasibility of eradication using an
integrated approach centred around the sterile release method and protein
bait sprays, has already been initiated in the Carnarvon district north
of Perth (9).
Our consideration of the ways in which D. tryoni may be manipulated
for pest management purposes rests heavily on our knowledge of the life
history strategy of the species and of its ecological and behavioural
characteristics. As discussed by Bateman (2) these characteristics clearly indicate that the species is strongly "r-selected" with a high capacity
for increase, high mobility and searching capacity, and few natural enemies (Table 1). It is generally agreed that such species present a
particularly difficult problem in pest management (6) and that insecticides remain virtually our only defence against them. Few alternative
systems, with inherent protection for non-target species, have yet been
developed. Bateman (3) has suggested that methods aimed at the suppression of local populations of the pest ("area control" methods) rather
than at the direct protection of the crop with insecticide barriers,
may be one of the few practical alternatives.
TABLE 1.

Ecological characteristics of the Queensland fruit fly
(After Bateman (2))
1.
2.
3.

4.
5.
6.
7.
8.

Forms temporary local populations
Multi-voltine (short, overlapping generations)
High capacity for increase:
rapid development (4-6 weeks egg to egg)
high fecundity (perhaps 100.eggs female week)
high survival in suitable fruit
long-lived adults (more than 7 months observed in field)
High capacity for dispersal:
maximum recorded movement, 24 km
strong juvenile dispersal
Polyphagous (more than 150 known hosts)
Diapause unknown
No effective parasites
Odour-oriented (sex pheromones, protein foods)

A simple schematic representation of the life system of D. tryoni is
shown in Fig. 2. When conditions are favourable females lay~b~atenes of
eggs under the skin of ripening fruit and the larvae feed on the flesh.
Pupation takes place in the ground and after emergence the adults have a
post-teneral dispersive phase before maturing their ovaries, which
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requires dietary intake of protein. Mating occurs when the females reach
maturity and once hosts have been located, movements become localized and
egg laying alternates with periods of feeding. Once suitable hosts be
come diminished the females disperse in search of other hosts. The
number of generations each year depends mainly upon the prevailing
temperatures and ranges from eight or more in northern Queensland to
around four in the Sydney region (13).
In these southern regions decreasing temperatures in autumn inhibit
maturation and the adults aggregate in sheltered overwintering sites
where they remain until temperatures rise above the threshold for matu
ration again in the spring (10). They then disperse to seek out hosts,
mature, mate and oviposit, and the cycle begins again.
Indicated numerically in Fig. 2 are the situations in the life
system which appear to be amenable to manipulation by proven or postula
ted pest management practices with a minimal reliance on insecticides.
These are as follows :
1. Both sexes need protein to mature normally and females need a continu
ing supply of protein to maintain a high rate of egg production.
Bateman et al_. (4) have shown that protein hydrolysate and insecticide
bait sprays applied at regular intervals can effectively suppress
previously vigorous populations of D. tryoni on an area basis and
eradicate them completely if there is no possibil il i ty of immigration
from surrounding areas.
2. Female D. ţryoni use both visual and chemical cues in locating hosts
and potentially, therefore, population levels could be reduced by traps
providing suitable supernormal fruit or foliage stimulii as in Rhago
letis spp (16). So far, however, no chemicals have been found that
act as effective attractants for ovipositing females in the field and
although coloured traps perform reasonably well (unpublished data)
currently available designs are not efficient enough to provide
reliable crop protection.
3. The use of sex pheromones to interrupt the mating process has proved
effective with certain insects. Experiments with D. tryoni, however,
have indicated that although females respond to a sex pneromone relea
sed by the male (11) it is not likely to have any major pest manage
ment application. Males, and in some circumstances virgin females,
are strongly attracted to the synthetic compound acetoxyphenylbutenone
(cuelure) and this is used extensively for detecting and monitoring D.
tryoni populations. It has also been demonstrated that when mixed
with insecticide and impregnated on suitable carriers, it can be used
in conjunction with protein bait sprays to increase the effectiveness
of area suppression and eradication programmes (4,5).
4. The need for females to receive genetic material from males in order
to produce viable eggs can be exploited by autocidal techniques. It
has already been demonstrated that the sterile male technique can be
used to suppress semiisolated populations of D. tryoni (15) and
there is little doubt that it could be used to eradicate populations
if implemented over large enough areas. The use of chemosterilants
to induce autosterilization within populations, either by exposure
with cuelure or in some other way, is a further possible extension of
this general approach, but it awaits the development of acceptable
compounds. Genetic methods such as those currently being tested with
Lucilia cuprina (19) are also theoretically possible, but have not
yet been attempted.
5. There is no evidence that female D. tryoni mark fruit with oviposition
deterring pheromones, so the pest management approaches using these
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substances that have been proposed and tested with certain other tephritids (16), are not possible with this species. However, if the avoidance of fruit that already contain larvae, that has been shown to occur with ovipositing females of D. tryoni (G. Fitt pers. corran.), proves
to be due to identifiable specific chemicals, then "repellent" compounds
similar to the oviposition deterrent pheromones may become available.
The physical protection of crops against fruit fly attack is also a
possibility, with nets being placed around individual fruit, trees, or
even entire orchards. It has been proposed (12) that commercial growers might change their production practices and switch to dwarf varieties, which could then be grown at very high densities in caged orchards. Although there is some merit in this approach, especially in
areas where labour and land suitable for fruit production are becoming
extremely expensive, it is still largely untried and is unlikely to
gain wide acceptance in the near future.
6. The introduction of parasites to control D. tryoni populations was
attempted some years ago (17). At least one species of egg parasite
was established in a limited area of north-eastern Australia, but it
failed to achieve significant rates of parasitism. Our present knowledge of D. tryoni's ecological characteristics suggests that it is
an unsuitable candidate for biological control.
7. Although overwintering populations might appear highly vulnerable to
manipulation because all individuals are in the adult stage, reproductively immature and relatively immobile (10), this is not so. These
adults have a reduced protein intake and decreased response to cuelure, and they do not mature and mate until they have dispersed from
the overwintering sites in spring. Monro (14) proposed a derivation
of the sterile release method called 'population flushing', which
involves the release of large numbers of sterile individuals, for use
against overwintering populations. Although of theoretical interest
it is doubtful if it has any wide practical application in this situation because of the large numbers of individuals required, the scattered distribution of overwintering sites and the lack of evidence
that these sites are a limiting resource in most areas.
4.

CONCLUSIONS

It would appear from this survey of proven and potential pest management procedures that for the foreseeable future effective methods of
eradicating incipient outbreaks of D. tryoni in areas where fruit flies
do not normally occur will be centred" around either autocidal techniques
or protein hydrolysate bait sprays. Autocidal methods are more specific
but the cost of maintaining rearing facilities and the lag time involved
in gearing up for large scale mass production in situations where outbreaks are sporadic and unpredictable are major drawbacks. Eradication
procedures based on bait spray programmes, therefore, seem on balance to
offer better cost-effectiveness.
The factors determining pest management procedures in areas where D.
tryoni is endemic are somewhat different. As mentioned earlier, eradication, even if it could be achieved, might well lead to other problems and
is not considered, therefore, as a viable option. With the introduction
of integrated procedures for other orchard pests and increasing pressure
from other quarters to phase out heavy reliance on cover sprays it is
likely that large-scale area suppression programmes against fruit flies
will be increasingly seen as the best management procedure to adopt, as
there appears to be no possibility of using biological control agents.
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Highly selective methods like S.I.T. and genetic control, however,
have two major drawbacks in this situation. Firstly, the high mobility
of D. tryoni makes it difficult to sustain adequate suppression of the
population within a particular area for an entire season. Secondly,
highly selective suppression of D. tryoni would have to be accompanied by
similar measures against D. neohumeralis in the areas where the two
species are sympatric and it might permit one of the other minor species
to emerge as a major pest.
Area suppression with protein hydrolysate bait sprays on the other
hand avoids these problems as mated immigrant females are just as suscep
tible as other age classes and the baits are equally effective against all
the likely pest species. If future developments in the design of visual
traps, oviposition deterring compounds or other potential control techni
ques enable them to be applied successfully then these could be integra
ted with the area suppression approach by providing more specific protec
tion where desired to particular crops during their fruiting season.
In the immediate future, however, research aimed at increasing the effec
tiveness and decreasing the cost of bait sprays would appear to offer
the greatest benefits for combating fruit fly problems within Australia.
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Summary
A model was developed to estimate the life cycle of the Mediterranean fruit
fly under various climatic conditions in areas encompassed by the California
eradication program. Pre-oviposition and egg/larval durations were computed
from daily maximum and minimum air temperatures. Pupal durations were
computed from daily maximum and minimum soil temperatures. We found a
close agreement when model results for emergence from overwintering pupae
were compared with the ocurrence of adults trapped in the Santa Clara Valley
in spring, 1981. The seasonal variation in life cycle durations compare
favorably with descriptions for other temperate regions of the world. Life
cycle estimations were utilized by project managers and technical advisors
when making operational decisions regarding the duration of treatment, eradication and detection protocols. Further research is needed under temperate
climatic conditions similar to California to thoroughly test the model's reliabillity.
1.

INTRODUCTION

The 1980-82 program to eradicate the Mediterranean fruit fly, Ceratitis
capitata (Weidemann), from California was unique.
For the first time in an
eradication program in the United States, the relationship between insect development and temperature was used in estimating phenological events. The application
of this principle in the California Medfly Project made it possible to improve
judgements regarding the significance of new fly detections, treatment durations
and the timing of declaring eradication in the various geographical regions.
The purpose of this paper is two-fold, first to present examples of how a
temperature-based phenology model was used and secondly to stimulate research
leading to a better understanding of the role of environmental factors on fruit fly
biology.
2.

LIFE CYCLE COMPUTER MODEL

The utilization of day-degree summations to estimate life cycles has become
an accepted procedure in many studies of insects under field conditions. In order
to apply the method in the California Medfly Project it was necessary to develop
a computerized model that could efficiently process the large volume of temperature
data obtained from the climatologically diverse eradication area.
In this section we will describe the features of the life cycle model, the
biological parameters used, the day-degree algorithm and data acquisition.
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2.1

Features of life cycle model
A day-degree algorithm was incorporated into a Fortran program specifically
written for the Medfly project. The program was interactive in that it queried
the user for the temperature location name to be retrieved from the computer
storage disk, whether it was air or soil temperature, the names of the life stages
in the order they were to be processed, and the appropriate threshold temperature
and thermal constant for each life stage.
2.2

Biological parameters
The parameters for the model were calculated from developmental times
published by Bodenheimer (2). These values were based on his own work as well
as data published by McBride (8). The values used in the Medfly life cycle model
are found in Table I. To simplify the model the egg and larval stages were combined
into one egg/larva stage.
TABLE I.

BIOLOGICAL PARAMETERS USED IN MEDFLY MODEL

Stage
Pre-oviposition
Egg/larva
Pupa

Temperature
threshold

(°C)

16.6
9.7
9.7

Thermal
constant
(Day-degrees)
44.2
142.8
182.4

Temperature
source
AIR
AIR
SOIL

2.3

Day-degree algorithm
The basic algorithm to calculate and sum the daily day-degrees was written
in Fortran (4). The algorithm simulates the entire daily temperature record by
fitting a sine curve through the daily maximum and minimum temperatures and
calculates the area between the curve and threshold temperature.
This method provides a reasonably accurate fit to the normally skewed daily
temperature curve recorded on the thermograph.
When compared to actually
measuring the area, less than 5% error accumulates over the course of a year.
2.4

Temperature acquisition network
During the period from January to July, 1981, the area under eradication was
relatively small, some 130 sq km. Within this area daily air and soil temperatures
(2.5 cm beneath the surface) were obtained at two locations, approximately 16 km
apart. Soil temperatures were also obtained at four additional locations. In July,
1981, the area encompassed by the eradication project rapidly expanded, eventually
extending to 3800 sq km. As flies were discovered in new areas air temperature
records were obtained from the nearest National Weather Service station and multiprobe temperature recorders (air and soil) were installed, generally on the property
where the fly was detected.
By December, 1981 air temperatures were being
obtained from 23 locations and soil temperatures from 29 locations. This included
National Weather Service, University of California, U.S. Navy and project stations.
All temperature data were compiled weekly by California Department of Food
and Agriculture project personnel and forwarded to the U.C. Biological Control
laboratory for entry onto the computer and data analysis. An updated report was
prepared and returned to project management at their headquarters in Los Gatos.
The updates were also forwarded to Technical Review Committee members and
distributed to the news media. This process from data acquisition to distribution
of reports averaged five to seven days.
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3.

APPLICATIONS OF THE LIFE CYCLE MODEL IN THE MEDFLY ERADICATION
PROGRAM

Two applications of the Medfly life cycle model will be presented in this
section. The first deals with the emergence of flies from overwintering pupae.
The second illustrates how the model was used to chart the progress towards
meeting protocols for aerial treatments, declarations of eradication and reduction
of trap densities.
3.1

Emergence from overwintering pupae, Santa Clara Valley, Spring 1981
In February 1981, after completion of an extensive fruit stripping program it
was assumed that the most likely source of newly emerged adults would be from
overwintering pupae in the soil rather than from a contnuous breeding population.
This was an important assumption because a continuous breeding population would
indicate failure of the ground based eradication program. In order to test this
assumption the results of the day-degree model for pupal development were continuously compared with the detection of newly trapped adults from approximately
2000 Nadel traps.
The results of these soil temperature based day-degree summations are illustrated in Figure 1 (upper portion). The upper curve represents the accumulated
day-degrees for the location with the highest temperatures, while the lower curve
represents the site with the lowest temperatures. Soil temperatures recorded at
four other locations fall in between these two extremes and for clarity are not shown.
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Figure 1. Santa Clara Valley, California, Spring 1981. Day-degree summations for
pupal development based on soil temperatures. Summations begin February 1, 1981,
shaded area represents six locations (upper). Numbers of wild adults trapped (lower).
The model's results first indicated emergence of spring adults on April 6 when
the thermal constant, 182.4 dd for pupal development, was exceeded at the warmest
location. At this time, temperatures at the coolest location had not yet risen
above the 9.7°C threshold, while temperatures at the remaining four locations were
warm enough for an average of about 75 dd to have been accumulated.
As
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spring progressed and temperatures increased, the threshold at the coolest location
was exceeded during the middle of April and day-degrees began to accumulate.
The intermediate locations, in terms of temperature, exceeded the thermal constant
during the latter part of April and early part of May, indicating possible emeregence.
It was not until early June that sufficient day-degrees were accumulated at the
coolest location to indicate the end of adult emergence.
Therefore, based on the soil temperatures from six locations in the Santa
Clara Valley, using February 1st as a starting date, the day-degree model suggests
that the emergence from overwintering pupae would have occurred over a two
month period between April 6 and June 4, 1981. Selection of February 1 as the
starting date was based on the last larval detection date, January 21 in strawberry
guava, and on the fact that a large part of the fruit stripping program was completed
by the end of January. This made it highly unlikely that any pupae would have
formed after this date.
Three waves of adults were trapped, at the beginning of April, end of April
and beginning of June (Figure 1, lower portion). The numbers of trapped adults,
declining with the passage of time, is what could be expected for the survival of
pupae as a function of the time they spent in the soil prior to emergence.
The trapping of wild adults corresponds quite well with the results of the
day-degree summations for soil temperatures (Figure 1). The first adult was trapped
on April 6, the same day the model indicated sufficient pupal development for
emergence at the warmest location. The last adult was trapped on June 5, shortly
after the model had indicated the end of possible spring emergence. All adults
trapped during the spring were females, the first ones were unmated and had not
completed their pre-oviposition period. This is consistent with what would be
expected given the low air temperatures for this time of the year. Day-degree
estimates for pre-oviposition indicated 20-30 days were necessary to complete sexual
maturity. Each subsequent wave of trapped females showed a progressively greater
degree of sexual development, again consistent with increasing air temperatures as
summer approached.
From the results of the model and the lack of larvae in any of the fruit
samples collected within the area, it was concluded that these spring females were
the result of emergence from pupae which had overwintered in the soil. The
females trapped at the beginning of June, however, were particularly troublesome
to interpret. The model could not differentiate between two possibilities, whether
they represented the end of emergence from overwintering pupae or the beginning
of emergence from a life cycle beginning on April 1st. The deciding factor was
the lack of larvae in the fruit sampled from the eradication area during the period
between April and June.
3.2 Successive life cycle estimations
Project management had set protocols for the numbers of Medfly-free life
cycles required before treatments could be stopped, before eradication could be
declared and before trap densities could be reduced. These were two, three and
four life cycles in succession, respectively, after the last detected fly. The medfly
life cycle model was utilized to chart, on a weekly basis, the progress towards
meeting each of these protocols for the 20 project areas. Based on the rates at
which the life cycles were proceeding and National Weather Service historical air
temperature records project managers made crude forecasts of how long it might
take to meet the various protocols. These forecasts were valuable for operational
planning within the project involving personnel and equipment needs. The forecasts
also provided the general public with estimates of when aerial treatments would
end and the agricultural community with estimates of when quarantines would be
removed in each area.
For each of the 20 project areas, beginning with the date of the last detected
fly, the life cycle model repeatedly processed each developmental phase in the
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sequence of pre-oviposition, egg/larva and pupa for four complete life cycles. This
is demonstrated in Table II with the results from two areas. These two areas are
located in widely separated geographical regions of the State.
The northern California area represents the original 130 sq km core area in
the Santa Clara Valley where the fly was first detected in 1980. This is primarily
a residential area with a complete array of host fruits available year around. Life
cycle estimates were computed from air temperatures recorded at two locations
and soil temperatures recorded at four locations within the area. The southern
California area represents a 50 sq km residential area in the Los Angeles Basin
also with host fruits available year around. It is located about 650 km south of
the northern California core area. A number of adult flies and larvae was detected
between August 25 and September 3, 1981, the infestation most likely being the
result of fruit carried out of the Santa Clara Valley. The life cycles were computed
from air temperatures recorded at two locations and soil temperatures at one
location in the area. The Los Angeles Basin is historically significant due to the
fact that two previous Medfly infestations, in 1976 and 1980, had been successfully
eradicated (5).
The results in Table II clearly indicate that the general seasonal variation of
life cycle durations is similar to that described for other temperate regions of the
world where Medfly persists (2, 11). The life cycle is short during the warm
summer months (life cycle one), long during the cool winter months (life cycle
three) and intermediate during fall and spring, (life cycles two and four).
TABLE II. SUCCESSIVE LIFE CYCLES FOR TWO PROJECT ERADICATION AREAS,
NORTHERN
CALIFORNIA
X TEMP
DAYS
(°C)

SOUTHERN
CALIFORNIA
X TEMP
DAYS
(°C)

Pre-oviposition
Egg/Larva
Pupa

(7.Vill. 81)
9
22
13
20
16
22
38

(3.ÌX.81)
6
24
9
25
16
20
31

(13.ix.81)
12
20
21
18
46
15
79

(3.X.81)

TWO
(Treatments)

Pre-oviposition
Egg/Larva
Pupa

THREE
(Eradication)

Pre-oviposition
Egg/Larva
Pupa

(l.xii.81)
144
12
21
16
21
19
186

(27.xi.81)
21
16
32
13
67
12
120

FOUR
(Trapping)

Pre-oviposition
Egg/Larva
Pupa

(4.VÌ.82)
18
18
15
19
15
20
48

(27.iii.82)
24
16
13
20
31
16
68

LIFE CYCLE
(Protocol)
ONE

LIFE STAGE

12

13
30
55

19

20
16

Of the developmental phases the pre-oviposition period was the most variable
in duration, from 6-144 days. The maximum duration coming during the winter
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season when air temperatures remain below the 16.6°C threshold for extended
periods. Longer pre-oviposition periods, up to 160 days, were estimated for other
project areas. These are well within the 315 day maximum longevity (14-16°C)
observed by Back and Pemberton (1). Egg/larva durations are less variable, for
even during the winter there were relatively few days when air temperatures did
not exceed the developmental threshold for at least part of the day. The seasonal
variability of pupal durations was intermediate compared to the other two life cycle
phases.
4.

DISCUSSION

The Mediterranean fruit fly is one of the most intensively studied insects,
yet gaps remain in our understanding of the biology of this insect. This becomes
evident when one attempts to synthesize this knowledge into a quantifiable
description of its biology. The life cycle is determined by complex interactions of
biotic and abiotic factors. The relationship between temperature and developmental
rate is the most clearly defined (1,2,7,8,9,10,11,13,14). The influence of humidity
on the survival of eggs in oranges has been dismissed as negligible (11). This
conclusion may also be true for eggs in other fruits as well as for larvae, but this
should probably be verified. Humidity has been shown to influence pupal survival
and development (13), however, further research is needed to quantify the interaction
of humidity and temperature, with particular emphasis given to low temperatures
and high humidity.
Different fruits and their degree of maturity have been shown to modify the
duration of the larval and pupal stages (1,3,11,13). There is also evidence to
suggest that the pre-oviposition period is affected by the fruit in which the larva
are reared (6).
Adult behavior as a function of temperature must be considered; studies of
the mating behavior (12) indicate that the threshold temperature for mating is
higher than the threshold for ovarian maturation, 18.5°C vs 16.6°C. Perhaps the
heliothermic behavior observed by Bodenheimer (2) compensates for this difference
between mating and pre-oviposition threshold temperatures.
This could be an
important behavioral factor, especially during north-temperate winters when it is
not uncommon to have clear, sunny days and low air temperatures (10-15°C).
The life cycle model we have developed for the Mediterranean fruit fly took
into account only one of these factors—temperature. Other factors were not simply
ignored, but were qualitatively included in the interpretation of the model results
during the California Mediterranean fruit fly eradication program.
It is our opinion that with further research and rigorous field validation,
particularly in temperate climates, the Medfly life cycle model will then have many
more useful applications than those presented here.
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La cératite au Maroc
A.LEKCHIRI
Société agricole de Services au Maroc (SASMA), Casablanca

La découverte de la cératite au Maroc remonte aux temps les plus
lointains«à telle enseigne qu'on y situe même son origine. Son
foyer initial est la forêt d'arganier située au Sud d'Essaouira. Sa
plante hote principale est représentée par les agrumes qui couvrent
une superficie totale de 69.000 ha. Mais on la trouve également sur
beaucoup d'autres plantes hôtes dont le figuier de barbarie, l'abricotier, etc...
L'ensemble du verger agrumicole dans les différentes régions du pays
connaît des "invasions" annuelles de cératite. La présence du ravageur peut être décelée presqu'â longueur d'année et sans interruption notable dans la région agrumicole située la plus au Sud du pays.
Les piqûres et les pontes sur agrumes n'ont lieu cependant qu'au dela
du 15 Septembre. Le nombre de générations sur agrumes varie de 3 â 5
par an. Les dégâts sont souvent efficacement contrôlés par les traitements. Mais certaines années, ils peuvent être considérables. La
lutte est basée sur le dépistage du ravageur au moyen de pièges en
plastique et d'attractif sexuel. Les traitements sont effectués de
manière localisée excepté les années à forte invasion ou il devient
nécessaire de recourir à des traitements généralisés.
1. IMPORTANCE ECONOMIQUE:
La cératite est un ravageur traditionnel et redoutable au Maroc.
L'origine de la souche méditerranéenne serait constituée par la forêt
d'arganier qui couvre encore â l'heure actuelle plusieurs centaines de
milliers d'hectares (=700.000 ha) s'étendant de la côte atlantique jusqu'à plus de 150 Km à l'intérieur du pays et jusqu'à des altitudes de
l'ordre de 1500 m. Cette souche méditerranéenne se serait adaptée à l'arganier après s'être isolée de la souche primitive de l'Afrique tropicale
et de laquelle elle se serait notablement différenciée. Après cette adaptation sur l'arganier, elle s'est ensuite étendue aux différentes régions
du pays.
Grâce à un réseau de dépistage suffisamment dense et convenablement
organisé et exploité, le ravageur est efficacement contrôlé par les traitements chimiques effectués. De ce fait, les dégâts occasionnés sur agrumes par exemple, atteignent rarement \% de la production nationale.
2. BIOLOGIE ET PLANTES HOTES :
Elle sévit sur diverses cultures de Mai à Décembre. L'hiver, elle ralentit son activité, mais le froid ne la tue pas. De même qu'on peut noter
une reprise des vols dès que le temps se radoucit.
Au fil de l'année, ses hôtes principaux sont l'abricot, la pêche, l'arganier, la figue de barbarie, la clémentine, la navel, la maroc-late et
certaines solanacées.
CEC/IOBC Symposium /Athens /Nov. 1982
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Elle n'a pas été repérée sur les raisins ni sur les pommes. Dans ce
dernier cas, il est possible que cela soit dû aux traitements anticarpocapse.
En Mai, elle s'attaque essentiellement aux abricotiers concentrés
dans la région de Marrakech. Mais la plupart du temps, les fruits mûrissent et sont évacués sans gros dégâts juste avant que les vols ne deviennent importants. Il arrive cependant, certaines années, que les dégâts
soient considérables, surtout que l'on ne fait pas de traitements cératicides sur les abricotiers.
Durant l'été, les fortes températures(supérieures â 40°C), gênent notablement la multiplication et l'activité du ravageur. Et ce n'est qu'à
partir de Septembre qu'on note un regain sensible de cette activité. C'est
alors les fruits du clémentinier qui sont sollicités en premier. Toutefois
l'importance de la teneur en acide du fruit et la robustesse de son écorce
a cette époque font que l'on n'assiste qu'à des piqûres sèches ne donnant
lieu qu'à des pontes avortées. Le plus souvent, ces piqûres finissent par
se cicatrises mais la zone du pourtour immédiat n'arrive pas à colorer normalement à maturité. Ce qui se traduit par des fruits impropres à l'exportation. A cette époque, les piqûres du ravageur sont observées en premier
sur les vergers des zones côtières d'Azemmour et de Rabat en raison de
leur précocité relative. Viennent ensuite (10 à 15 jours plus tard) la région du Souss, et immédiatement après le reste des zone agrumicoles.
Presque en même temps que le Clémentinier, (souvent dans les deux semaines suivantes), les piqûres sont repérables sur la Navel. Mais alors
que sur le Clémentinier, dès le début ou la mi-Octobre, les piqûres sont
généralement accompagnées de pontes et de développements larvaires aboutissant à une détérioration interne du fruit, sur la Navel et en raison de la
robustesse de la variété (Washington Navel), il s'agit le plus souvent de
piqûres sèches. A noter cependant que la Navel semble être la plus attrayante vis à vis de la cératite parmi l'ensemble des variétés commerciales
d'agrumes cultivées au Maroc, et ce particulièrement en début de saison
(mi-Septembre - Octobre). Cette spécificité pourrait être rapprochée avec
la nature de l'évolution de la coloration du fruit. En effet, sur les clémentines par exemple, la véraison et l'apparition de pigments caroténoïdes
ont lieu par plages et non de façon généralisée, se traduisant souvent à
un stade donné par la juxtaposition sur le fruit d'une zone rouge spécifique de la variété et de zones pouvant aller du vert filtrant au vert
foncé. Par contre, sur la Navel, ces phénomènes interviennent de manière
plus homogène, et aboutissent en général, à un stade donné ( à partir de
la 2ème quinzaine d'Octobre), à une coloration jaune pâle plus ou moins
homogène particulièrement attrayants pour la cératite.
Ce sont les deux premiers mois de l'automne qui offrent au ravageur
les meilleurs conditions de multiplication. A cette époque, la durée complète d'une génération peut ne pas dépasser 30-35 jours. A partir Ae début
Décembre,et selon les années, la température baisse sensiblement (8àl2°C de
moy.·. et 0 à 5°C pour les minima) et gêne notablement, ou arrête^ complètement la multiplication de la mouche. Exception faite pour la région du
Souss où les températures, sans être optimales, restent cependant à un niveau suffisamment élevé pour permettre la poursuite de la multiplication
bien qu'à un rythme ralenti.
Durant l'hiver, après la récolte des clémentines et de la navel, ce
sont les fruits du groupe des sanguines qui arrivent à maturation et qui
offrent des possiblités de ponte au diptère. Néanmoins, les conditions
climatiques ne sont guère favorables à la reproduction à cette époque.
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Cela peut arriver certaines années, mais il s'agit alors de piqûres sèches,
et l'on a rarement observé sur sanguines un développement larvaire.
Vient enfin le tour de la variété maroc-late qui mûrit à partir de la
première semaine de Mars et dont la récolte pour l'exportation s'étend
jusqu'à fin Mai-début Juin.
A cette époque, et surtout à patir d'Avril, les températures redeviennent favorables à une reprise de l'activité de la cératite, bien qu'à un
niveau largement inférieur à celui observé en début d'automne. Les fruits
peuvent alors être sujets à des attaques plus ou moins importantes, mais
là encore, la robustesse relative de la peau du fruit ne permet que des
piqûres sèches et rarement un développement larvaire. Les fruits touchés
sont cependant dépréciés et ne peuvent être exportés par conséquent.
En définitive, nous pouvons dire qu'au Maroc:
. La période de reproduction de la cératite sur les fruits d'agrumes,
s'étale de début Septembre à fin Mai, avec cependant une interruption en hiver (région du Souss exceptée).
. Les conditions optimales de reproduction ont lieu durant les deux
mois d'Octobre et de Novembre,
. Les variétés d'agrumes les plus menacées, et sur lesquelles ont lieu
des développements larvaires sont le clémentinier et la navel.
. Les variétés du groupe des sanguines et la maroc-late peuvent être attaquées, mais l'on n'y observe rarement des développements larvaires.
3. LUTTE ET MOYENS EMPLOYES:
La lutte contre la cératite a lieu en automne seulement sur le clémentinier et la navel. Logiquement, elle ne devrait pas commencer avant le 15
Septembre. En pratique, les premiers traitements ont lieu dans la région
du Souss, à partir du 15 Août, et à partir de début Septembre dans les autres régions. Les premières attaques sont observées sur les fruits du côté
Sud des arbres. Seuls des moyens chimiques sont utilisés. Sur un certain
nombre de vergers, on a recours à des interventions systématiques à raison d'une fois tous les 8 à 10 jours. Cela présente l'avantage de ne pas
avoir à faire des observations régulières tout en se prémunissant efficacement contre les risques d'attaques, mais a l'inconvénient de conduire
à des traitements superflus, à des dépenses exagérées, et à un accroissement des risques de résidus sur les fruits. C'est pourquoi, et depuis
déjà fort longtemps, c'est la lutte basée sur le piégeage sexuel qui a
tendance à se généraliser. La direction du vent est également prise comme indice pour le déclenchement des traitements dans certaines régions.
Dans la zone d'Azemmour par exemple, les vents du Sud sont souvent suivis par des intensifications des attaques et peuvent ainsi'renseigner sur
l'opportunité d'une intervention.
3.1. Les pièges utilisé: Jusque vers 1960, les pièges étaient des sortes de carafes percées en bas, dans lesquelles on pouvait introduire le
phosphate d'ammoniaque comme attractif alimentaire. L'inconvénient de ces
pièges était la non sélectivité, et le comptage des captures était fastidieux, et ne pouvait être fait que par quelqu'un pouvant différencier la
cératite des autres mouches.
3.1.1. Vers 1960, sont apparus les pièges secs en matière plastique
qui par leur facilité d'emploi ont rapidement conquis la faveur des utilisateurs. Ces pièges ont une forme grossièrement cylindrique avec 2 ouvertures latérales. A l'intérieur, une mèche est insérée, sur laquelle on
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dépose périodiquement un mélange attractif-insecticide. L'attractif utilisé est le trimédlure, qui est une imitation synthétique de phéromone.
Seuls les mâles sont attirés. Comme ils éclosent 2 ou 3 jours avant les
femelles, on bénéficie donc d'une marge supplémentaire de sécurité. On
pourrait mettre de l'hydrolysat de protéines dans ces pièges. Mais on retrouverait les inconvénients du phctsphate d'ammoniaque. Le trimédlure,
bien qu'il ne soit pas un attractif puissant, a l'avantage de n'attirer
que les cératites. L'insecticide utilisé couramment en mélange avec le
trimédlure est le D.D.V.P. ou dichlorvos. L'inconvénient du système de
la mèche imprégnée de liquide est qu'il faut renouveller le mélange attractif-insecticide toutes les semaines du fait de son evaporation rapide. L'emploi â l'intérieur de ces pièges de capsules en polymères renfermant un mélange de trimédlure et de dichlorvos, et qui semblent avoir
donné des résultats aussi bons en Espagne, n'a pas encore cours au Maroc.
Le nombre de pièges utilisé est très variable. En moyenne, on en dispose
1 à 3 par parcelle; la superficie de cette dernière variant de 2 à 5 Ha
en général. En effet, et vu l'importance des superficies des vergers,il
est difficile d'arriver à la norme conseillée de 1 ou même de 2 ou de 3
pièges par hectare. Pour en améliorer l'efficacité, ces pièges sont parfois mis en place dans des zones préférentielles telles que celles situées
à proximité d'arganier, de cactus et dans les parcelles de Navel dont les
fruits semblent présenter un attrait particulier vis à vis de la cératite.
Cette disposition préférentielle permet effectivement de déceler la précocité des attaques. Mais cette concentration au niveau d'une zone donnée
présente l'inconvénient de ne pas renseigner sur l'étendue géographique
de ces attaques. C'est pourquoi des pièges doivent également être disposés dans les zones isolées. L'accrochage des gobes-mouches aux arbres a
lieu en fin Août-début Septembre. Les relevés des captures ont lieu quotidiennement, et les résultats sont notés, ou encore mieux, sont reportés sur un graphique.
Les premiers traitements chimiques sont déclenchés dès que les prises
par piège et par jour dépassent 3 à 4. Après un traitement, on continue à
faire les relevés et à observer la courbe. Tant que les captures n'augmentent pas, on considère que le traitement a été efficace, et on s'abstient
par conséquent de toute intervention. L'essentiel est que le nombre de prises n'augmente pas régulièrement pendant trois jours. Lorsque cela se produit, cela veut dire que le traitement précédent n'arrive plus à contenir
l'invasion, et qu'il faut le répéter ou passer au traitement généralisé.
3.2.3.Les pièges en carton: ils sont basés sur le même principe attractif-insecticide que le précédent. Mais le carton est recouvert de colle
qui fixe les insectes. L'insecticide devient facultatif. L'inconvénient
est que les prises successives se cumulent sur le carton, et qu'a chaque
observation il faut recompter toutes les prises depuis la mise en place
du carton. Ces pièges ne sont utilisés actuellement qu'à titre expérimental.
3.1.4. Les plaques engluées (procédé REBELL): il s'agit de plaques
jaunes en matière plastique, simplement engluées, sans attractif. Elle
attirent uniquement par leur couleur. Elles ont comme le piège en carton
l'inconvénient de cumuler les prises, non seulement de cératite, mais aussi d'autres insectes. Cependant, elles ont l'avantage de pouvoir être débarassées de la glu facilement avec un diluant ordinaire. Pour le moment,
les plaques engluées sont utilisées au Maroc à titre expérimental, et ne
sont étudiées qu'en vue d'y avoir recours éventuellement sur une plus
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grande échelle pour le piégeage, et non pour la lutte comme c'est le cas
dans certains pays pour combattre la mouche des cerises.
3.2. Les traitements chimiques: conduits sur la base des résultats de
piégeages, ils visent à la fois la lutte efficace tout en cherchant à éviter de laisser des résidus sur les fruits.
3.2.1. Les traitements localisés:on traite en général une rangée sur
3 ou sur 4. Sur les grandes fermes de l'Etat et sur certains domaines privés, on a de plus en plus recours à l'avion. Les traitements sont alors
faits par bandes.
Les insecticides couramment utilisés au Maroc sont:
Matière active

Doses/Ha

Diméthoate
Fenthion
Malathion + Diméthoate
Phosphamidon

1 litre
0,5 "
1 "
1 "

Doses/Hl
250
150
250
300

ce
ce
ce
ce

Le Fenthion est plus rémanent que le malathion et le diméthoate. Les
Pyrethrines, non indiqués sur le tableau sont également utilisés, mais sur
une échelle plus réduite. Ils sont efficaces, ne laissent pas de résidus,
mais ont une faible rémanence. L'attractif utilisé est l'hydrolysat de
protéines à la dose de 1 litre/Ha, soit 300 cc/Hl, pour un produit formulé à 33%.
3.2.2. Les traitements généralisés: on n'y a recours que lorsque les
traitements localisés s'avèrent insuffisants pour contrôler le ravageur.
Cela se produit rarement, mais il est arrivé récemment que cela ait été
nécessaire par endroits durant deux années consécutives (1980 et 1981).
Les matières actives utilisées sont les mêmes que celles indiquées pour
les traitements localisés, mais les doses/Ha sont multipliées par 3, et
les doses/Hl sont réduites de moitié.
3.3. Les différents modes d'application employés:
3.3.1. L'avion: les traitements par avion sont effectués sur environ
15% du verger agrumicole. Il s'agit surtout des fermes appartenant à une
société d'état et de quelques grands domaines privés. On reproche au traitement par avion de ne faire que des gouttes trop petites, moins attractives que les grosses. Mais sur les grands domaines, cet inconvénient est
contrebalancé par l'avantage indéniable de la rapidité d'intervention.
3.3.2. Le pulvérisateur à jet porté: n'est utilisé au Maroc qu'à petite échelle. On n'y a pratiquement recours que pour des traitements généralisés. On lui reproche de faire des gouttes trop fines peu attractives, et
de ne pas permettre de limiter suffisamment le problème des résidus.
3.3.3. Le pulvérisateur â jet projeté: c'est le moyen le plus utilisé
pour les traitements localisés. Il est préféré au pulvérisateur à jet porté en raison des lances qui permettent d'éviter les rangées voisines exclues du traitement, et d'orienter la bouillie éventuellement sur des zones
feuillues ne portant que peu de fruits. De même qu'il permet d'avoir des
gouttes plus grosses.
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2.3.4. Le pulvérisateur à dos: n'est utilisé que sur les vergers de
petites superficies. Il·: présente l'énorme avantage de permettre l'obtention de grosses gouttes plus efficaces que les petites, et le choix avec
plus d'aisance de la partie de l'arbre à traiter. Ce qui peut réduire considérablement les risques de résidus. Mais son inconvénient majeur réside
dans la lenteur de l'intervention.
2.3.5. Les bouchons de paille: ce procédé a été utilisé à titre expérimental en 1978 et 1979. Les bouchons de paille sont trempés dans un mélange d'insecticide et d'attractif et accrochés aux arbres. Ils sont très
attractifs et ramènent à zéro le problême des résidus. L'inconvénient,est
qu'ils sont fastidieux à fabriquer, et qu'ils se détériorent sous l'effet
des intempéries. En outre, en 1979, ils se sont révélés à la fin insuffisants suite à une intensification des attaques.
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Results in capturing Mediterranean fruit fly {Ceratitis capitata Wied.)
on citrus in Sicily
D.BENFATTO & S.LONGO
Istituto sperimentale Agrumicoltura Acireale, Istituto Entomologia agraria Catania, Italy

Summary
The results of two years observations on Mediterranean fruit flies captures,
made by means of chromotropic trimedlure traps on Citrus a r e reported. Captures
distribution on two orange early and late maturing varieties ("Tarocco" and "W. na
vel") was also studied.
The captures of C. capitata reach the most elevated values in the summer-autumn period: maximum captures were noted in September and October. The captures
carried out by traps placed on cv "Tarocco" t r e e s , that for its early maturing p e riod, undergoes fly damages, did not result different to those r e g i s t r e r e d on "W.na
vel" that for its late maturing period do not receive damages by C. capitata. The di_
stribution of insect in the two varieties resulted casual and would seem not to be in
relation to the maturing period of the fruit. Trial control,carried out by means of
protein hydrolyzate baits (0,6%) poisoned with dimethoate (0,06%),spraying the p o r tion of canopy of one inter-row each three and control sprayng dimethoate (0,06%)
on all the foliage have shown that at fruit cropping there were no difference between
the two control methods.

Resume
Le vol des adultes de Ceratitis
capitata
Wied. a été contrôlé pendant la
période 1979-81, dans un verger d'agrumes de la Sicile orientale à l'aide de pièges chromotropiques appâtés par du Trimerdlure.
La distribution des captures des adultes dans la variété "Tarocco" et
"W. naval" a été étudiée.
Les captures les plus nombreuses ont été obtenues au cours des mois compris entre août et octobre. Les captures enregistrées dans les pièges
placés sur les arbres de la variété "Tarocco" qui pour sa maturation
précoce, subit généralement des dégâts dus aux piqûres de C.
capitata,
ne sont pas différentes de celles enregistrées sur les arbres de la
variété "Washington navel" qui, pour sa maturation tardive, ne subit
pas de dégâts.
La lutte contre C. capitata
a été effectuée à l'aide du piégeage et des
contrôles périodiques des fruits sur les arbres. Des parcelles ont été
traitées avec une solution de protides d'hydrolyse (0,6%) empoisonnés
avec du dimethoate (0,06%) en pulvérisation à l'aide d'un atomiseur le
feuillage d'une entrerangée sur trois. Par contre, tous les arbres des
autres parcelles du même verger ont été complètement pulvérisés avec
le dimethoate (0,06%). Au moment de la récolte, le pourcentage des
fruits gâtés par C. capitata
a été insignifiant dans les parcelles pulvérisées avec les deux méthodes différentes.
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1. INTRODUCTION
Damages caused by Mediterranean fruit fly to many fruit plants of the world's
tempered a r e a s a r e well known.
Infestations of C. capitata break out in sicilian citrus groves during the sum
merautumnal period; seriousness of its damages is related to several aspects: such
as the climatic conditions, the position of citrus groves and the species and cultivar.
Under this of point view"Tangelo" "Clementine" "Mandarin" and early cultivar of
sweet orange ("Naveline", "Tarocco") a r e more easily infested.
Damages a r e mainly caused by the egglaying punctures made by females in the
fruit skin, that if in large numbers, determine an anticipated fruit drop. Larval deve
lopment seldom occurs within citrus fruits, in sicilian citrus a r e a s at least.
Little larvae succeed in overcoming albedo of fruits with weakness and sharp
skin only, developing so in the pulp, they promote fruit decay.
Owing to the poor importance of Ceratite's natural enemies, for its control it
is necessary to apply chemical control.
Control methods, mainly preventive, against adults a r e made by sprayng whole
foliage with insecticides or by means of partial sprays with poisoned protein hydro
lyzate baits.
Appropriate time fortreatments coincides with heavy infestations in the citrus
groves by adults of medfly coming from orchards (peach) and from some other fruit
trees such as persimmon, nopal, e t c . that may be cultived far away too.
As soon as adults appear in the citrus groves, the first egglaying punctures
will be visible on fruits. It is possible to know when fruit fly adults appear by means
of proper traps that a r e also suitable to observe captures trend; such data may by
used to programm integrated control in citrus groves. In this paper the results of
two years observations on adult fruit fly captures, made by means of chromotropic
trimedlure traps (sectar trap), a r e reported.
Captures distribution on two varieties of orange, early and late maturing was
also studied.
2. TREND OF CAPTURES
2.1 Materials and methods
Investigations were carried out at the experimental citrus orchard of Istituto
Sperimentale per l'Agrumicoltura (Lentini, Siracusa), in L, subrectangular plots
(fig.l).
Two plots each including 30 grapefruit t r e e s cv "Marsh seedless" and orange
cv "nucellar Tarocco"; the others including each 400 orange t r e e s cv "Tarocco" and
Λ00 orange t r e e s cv "Washington navel".
Traps were set up the 27th, september, 1979 on A trees in every plot.
Captured specimens were noted every 10 days about, while the traps were r e 
placed each month.
2.2 Results
In Fig.2 the trend of average total captures in L, plots and climatic conditions
of the years observations a r e showed; data were registered at the metereological
station of the research c e n t r e .
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Fly captures were noted from the beginning of observations to the second deca
de of February I98O; they were noted again at the end of May 1981; in that year cap_
tures began only at the end of August and continued to the time of displacement of
traps (26. XI.81).
During the above period, the most elevated population density was noted from
August to November. A similar movement was ascertained in collateral tests c a r r i 
ed out in I98O, using the same methodology, on mandarin, cv "Avana", clementine,
orange cv "Moro" and peach in a farm distant about 30 Km in the Piana of Catania
(fig. 3).
The used traps turned out to be highly selective, having captured nearly all
C. capitata males; infact on a total of 4.725 captured specimens in Palazzelli during
the set period, only 14 (0,30%) were females. The capture of other insects, r e p r e 
sented by two Tripetidae (1 Dacus oleae female and 1 Ragoletis cerasi male)and 1
hymenoptera, resulted occasional and irrelevant.
3. CAPTURES DISTRIB UTION ON "TAROCCO" AND "W. NAVEL" ORANGE
3.1 Materials and methods
The captures carried out during the mentioned two year period, by means of
traps placed on the t r e e s of these cultivar (fig.4)  in two omogenous limitrophe a
r e a s , of approximately 1 ha for each, were accumulated in 3 periods:27.7.79 10 .
4 . 8 0 ; H 4 . 3 0  2 6 . 5 . 8 1 ; 27.5.81  2 6 . 1 1 . 8 1 .
In table I we have the average percentage of captured specimens, distingui
shed by variety and period, considering the total captured samples egual to 100 du
ring the 3 periods in the 8 repetitions of the two cultivar. These percentages, t r a 
sformed in angular values, have been analized by variance analisis and compared by
Duncan's multiple range test at the 1% significance level.
3.2 Results and discussion
No difference is noted between the percentage of captures on "Tarocco" and
"W. navel" during the three considered p e r i o d s . The average percentage of captures
per period in the two varieties is stationary in the first and second period, while it
increases in the last period (Table I ) .
Table I "Palazzelli"  Average percentage of Ceratitis capitata Wied .captures for
variety and period, from 27.9.79 to 26.11.81
^

CULTIVAR

PERIODS
I

TAROCCO

W. NAVEL

MEDIA PERIOD

—

: 27.9.79  10. 4.80

7,65 ns

5,54 ns

6,59

A

II : 11.4.80  26. 5.81

4,23 ns

10,31 ns

7,27

A

I I I : 2 7 . 5 . 8 I  26.11.81

40,59 ns

33,06 ns

36,13

Β

18,09 ns

16,30 ns

MEDIA

Means a c r o s s rows followed by the same letter a r e not significantly different at the
1% level.
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Λ. CONCLUSIVE CONSIDERATIONS
The captures of C. capitata, in the above groves, reach the most elevated va
lues in the summerautumn period and in any case with minimum and maximum values
of temperature and relative humidity respectively of 10°27° C and 4095%. Maxi
mum captures were noted in September and October.
The captures carried out by traps placed on cv "Tarocco" t r e e s , that for its
early maturing period, undergoes fly damages, did not result different to those r e 
gistered on "W. navel", that for the late maturing period do not receive damage by
C. capitata. The distribution of insect in the two varieties resulted casual and wou
ld seem not to be in relation to the maturing period of the fruits.
In these groves, control periods against the fly were established on the sup
ply of the captures trend integrated by periodic visive exams of the fruits on the
t r e e s ; treatments were carried out the 4.10.79; 4.9  17.9 and 28.10.1980, and
7 . 9 . I 9 8 I , using protein hydrolyzate baits (0,6%) poisoned with dimethoate (0,06%),
spraying with a tractordrawn airblast sprayer the portion of canopy of one i n t e r 
row each t h r e e . The other groves of the orchard with different varieties of oranges,
mandarines and clémentines, were instead treated, at the same time, with dimethoa
te 0,06% distributed on all the foliage.
At fruit cropping there were no damaged fruits by fly in none of the parcels
differently treated.

Issue n° 8, finalized plan Ministry Agriculture and Forest "Development and impro
vement of industry fruitgrowing, of early fruit growing and of citrus industry".

580

Ol
00

Fig. 1 - Hap of experimental citrus orchard I.S.A. (Lentini, SR)

Fig. 3 - Piana di Catania-Trend of average number of adult captures of
C. capitata
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Control of the olive fruit fly in a pest management trial in olive culture
Th.BROUMAS, P.KATSOYANNOS & C.YAMVRIAS
Phytopathologien Institute, Athens, Greece
C.LIAROPOULOS
Lykovrissi Insectarium, Athens, Greece
G.HANIOTAKIS
Democritos Nuclear Research Centre, Greece

F.STRONG
FAO, Rome, Italy

Summary
A demonstration pest management trial was conducted
in 1981, in an area of 10.000 olive trees having high
production, at Boeotia district 100 km North West of
Athens.
The fundamental purpose was to demonstrate that by
applying known information, adequate protection from
Dacus oleae (Diptera, Tephritidae) losses could be
obtained with a reduction of insecticide treatments.
One thousand two hundred yellow sticky traps with
dispensers of Dacus pheixiTione blend and ammonium
hydroxide, were installed evenly throughout the pest
management area (1 per 9 trees) on July 27. Traps
were installed in an attempt to lower the general
population level of Dacus by mass trapping. By carefully monitoring the Dacus population, only 1 spray
was applied in the P.M. area, compared to 3 applied
in the check. In the beginning of harvest time, the
olive fruit infestation by Dacus was 16,5% in P.M.
area while in check was 1,6%. But when yield data
were compared, there was no difference in final gross
income per tree between the 2 areas.

Résumé
Une demonstration d'un essai de Pest Management a eu lieu en 1981 sur
10 000 oliviers situés dans le département de Béotie, à 100 km au nordouest d'Athènes, et qui avaient, cette année, une importante production.
Le but fondamental était de démontrer qu'on peut avoir une protection
suffisante de l'olivier contre Daous oleae Gmel. (Diptera, Tephritidae)
en appliquant des informations déjà connues selon lesquelles le nombre
des traitements est réduit. On a installé le 27 juillet dans la zone
de Pest Management, 1 200 pièges (1 par 9 arbres) de couleur jaune, couverts d'une substance gluante et ayant une combinaison, la phéromone du

CEC/IOBC Symposium /Athens/Nov.1982
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Daaus et de l'hydroxyde d'ammonium. On les a installés en vue de diminuer la population générale de Daaus.En suivant soigneusement la population de Daaus, on a effectué un traitement seulement par avion dans
la zone de P.M. En comparaison, la zone témoin a reçu trois traitements.
Au début de la récolte, l'infestation du fruit par D. oleae était de
16,5% dans la zone de P.M. tandis que dans la zone témoin elle était de
1,6%. Mais à la fin, quand on a fait la comparaison du total de la récolte on n'a pas observé de différence économique (par arbre) entre les
deux zones.

Introduction
Control of the olive fruit fly, Dacus oleae (Gmelin)(Diptera Tephritidae), the most important pest of olives in Greece, is based at present on the use of insecticides. Treatments, as currently practiced, are largely applied from the
air or ground and consist of timely applications of protein
hudrolysate bait sprays with organophosphorous insecticides.
Olive groves are treated 2-5 times per year in Greece, depending on p-sst population level. Extensive use of such broad
spectrum organic insecticides, aside from toxicological consequences has as result adverse effects on beneficial insects
and freguetly leads to outbreaks of secondary pests such as
scale insects (Aspidiotus hederae, Parlatoria oleae) which
previously were of no economic importance.
To reduce the above side effects of insecticides, other
nonpolluting methods of control have been investigated in order
to combine them into a Pest management (PM) System against
olive pests.
In fruit flies, yellow sticky traps have been used to monitor different species including D. Oleae (6). These traps
have also been used in mass-trapping for the control of D.oleae
(2,3,7) as well as of Rhagoletis cerasi and Rhagoletis pomonella (13,14). However, the yellow trap is a short-range attractant and since several traps per tree are needed for effective
control of D. oleae, the method seems impractical for large
scale application. Recent improvements of the yellow traps
such as the use of contact insecticides instead of sticky substances (1, Soultanopoulos and Broumas unpublished data) and
the combination with odour attractants (4) and especially sexpheromones (8,9,10) could make the method more practical and
economic, promising wider use of such traps in a pest management system.
The aim of the present work was to demonstrate that use
of yellow sticky traps combining the Dacus pheromone blend and
ammonium hydroxide together with rational use of insecticide
treatments, would result in the reduction of Dacus population
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and adequate olive protection from this pest with a reduction
in the number of insecticide sprays.

Materials and Methods
The experimental site was near the village of Ksironomi
at Boeotia district 100 km North West of Athens. The olive
trees of Megaritiki variety were well tended. The trees had
a heavy bloom in the spring and it was anticipated that the
entire region would be protected by Eleotamion's (olive protection Agencies) aerial spray program. Thus, the PM area was
established as a block of 10.000 trees (approximately 100 ha)
within the area which was to be sprayed by air. The corners
of the block were marked with large yellow flags, to warn the
pilots and thus avoid accidental spraying of the PM area.
Further, to minimize drift of sprays, pilots were instructed
to leave an unsprayed barrier of 200-30Q m around the borders
of the PM area. As anticipated fruit production was heavy.
One thousand two hundred yellow sticky traps (rectangular cardboard 21x15 cm), with an 1 ml polyethylene vial containing 25 mg of Dacus major pheromone blend and the appropriate amounts of the other three components of the pheromone blend (11) plus another vial containing 15 ml ammonium
hydroxide, were installed evenly throughout the PM area (1
trap per 9 trees) on July 27 for mass trapping of D. oleae.
Thirty of these traps distributed evenly throughout the PM
area were checked once per week. Traps were not installed
earlier, for males are not attracted to pheromone until they
become sexually active (which occurs a few days before the
onset of oviposition). This date was determined by observing
the young fruit for oviposional stings and by monitoring an
additional 10 yellow pheromone traps installed in mid june.
All 1200 traps were replaced on Sept. 7.
To monitor the adult Dacus population 10 Mcphail traps
baited with ammonium sulphate (3% water solution) were installed in PM area : another 10 traps were placed in the check area.
The traps were installed June 10 and were serviced every 4-6
days, until mid November.
To monitor fruit infestation 100 olives per tree were
picked on five occasions during the season from 10 sites of
each the PM and check areas. Three trees were sampled from
each site. All fruits were dissected in the laboratory and
the insect stages present were recorded.
Losses caused by D. oleae in the PM area compared to
those in the surrounding areas (check areal were not estimated
by measuring only fruit infestation. To determine losses due
to Dacus in both areas, yields from 15 trees in the PM area
and 27 trees in the check area taken at random were obtained.
Total yield includes all fruit on the tree plus all fruit
from the ground under the tree canopy. As most of the olives
from the ground had dropped several weeks before and were by
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now all shriveled up, the estimated contribution to total
yield due to dropped olives was obtained by multiplying the
average weight of 1 fruit by the number of fruits collected.
In an attempt to determine causes of fruit drop, all
fruit under 21 individual trees (11 from PM and 10 from the
check area) were collected and examined for Dacus, Prays oleae
and Macrophoma dalmatica infestations.
The check area received 3 aerial sprays: on July 27, Sept.
10 and Sept. 27. The PM area was aerial sprayed only once on
Oct. 4. All sprays were VLV applications with 10 liter/ha of
a water solution containing 90 g fenthion a.i and 60 0 g of
protein hydrolysate.

Results
1. D. oleae adult populations.Fig 1 shows fluctuations of
adult D. oleae based on Mcphail trap catches from PM and check
areas. Fig 2 shows population fluctuations in the PM area
based on sticky trap catches.
Population fluctuations as shown by both trap types coin
cide up to mid October but after that fluctuations shown by
sticky traps are not registered by Mcphail traps. It is
obvious that prevailing conditions during that period of the
year effect differently these two types of traps. Differences
in population levels between PM and check areas (Fig 1) must
be the results of bait sprays in the check area.
The average number of flies which were captured per sti
cky trap over the season was 428.9 and the total flies caught
514.680 (428.9x1200 traps). The average number of flies
caught/tree was 51.4 and the average ratio ο*/ο.=2.20. As the
efficiency of the pheromone/ammonia or Mcphail traps is not
known one cannot estimate actual population densities.
2. Olive fruit infestation.Table I shows per cent of infested
fruit in the PM and check areas. The data clearly show that
during the entire season the overall level of infestation was
consistantly lower in the check area which received 3 sprays.
Infestation ranged from 7% to 21.9% in the PM area and from
0.4% to 4.9% in the check area. The data show no significant
difference in the first sample taken Aug. 7, even though a
spray was applied on July 27.
3. Yield data· Table II shows no significant difference in the
average yield per tree between the PM and check areas. (62.9
kg/tree in PM vs 58.8 kg/tree in check). There was, however,
a highly significant difference between the number of olives
and hence the weight which had dropped before harvest: 10.8
kg/tree from the PM area and only 2.9 kg/tree from the check
area. If no fruit had dropped one can approximate what the
original yield would have been; here again, due to normal
variation there was no difference in estimated original yield/
tree (73.7 kg/tree in PM vs 61.7 kg/tree in check).
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Table I. Mean per cent Dacus infestation of olive fruits
£YËEâ2Ë_2Ê_3i002_£ïyiti_îSSiï2G2?!ii._l9Sl
Sampling
Pest Management
Check
Dates
Area
Aţ e â
Living"'
Total^ 2 '
Living Total Sign.
Aug. 7, 1981
T.3
7
0.8 N.S. 4.9 N . S .
Sept.18, 1981
2.0
7.2
0.3 *
1
*
Oct. 9, 1981
8.1
21.9
0.1 ** 0.7
**
Nov. 3, 1981
0.4
16.5
0.3 N.S. 1.6
**
Nov. 11, 1981
0
7.8
0.1 N . S . 0.4
**
(1) Living infestation=Live eggs, L,.,L_,L,, Pupae
C2) Total infestation =Living + Punctures with no eggs, un
hatched eggs, dead L..,L2,L,, Puparia and Macrophoma.
* Significantly different student's t test P=0.05
**
"
"
"
"
P=0.01
Ţable_II i _SummarY_of_harvesţ_daţa i _ ,KŞiro22mii_2ec_i_ll£_19_8_l.
_.
Item
Pest Management Check
ign
Area
'
Mean yield/tree (1)
62,,9 kg
58.8 kg
N.S
* *
Mean no. dropped fruit/tree (2) 2984
870

Maan t o t a l , w t of dropped
fruit/tree1 '
(4)
Est. original yield/tree
E s t . % f r u i t drop

Est. wt.loss/tree due to
Dacus K '
Est. % income loss due
to Dacus*
Est. wt loss/tree due
to Prays
Aver, income.loss/tree
due to Dacus
(8)
Aver, gross income/tree

10,,8 kg
73,.7 kg
14,,6

2.9 kg
61.7 kg
4.7 %

**
N.S

.5 kg

0.44kg

* *

,5%

0.7 %

.9 kg

1 .6 kg

N.S

220 drachmas
18drachmas* *
2516 drachmas 2352drachmasN.S,

(1) Mean of 15 trees from the P.M. area and 27 trees from the
Check area.
(2) The estimation of dropped fruit on ground was obtained by
counting all olives from 4 samples which represented 20%
of the total area under tree.
(3) Mean wt of olive χ Mean est. number of olives on ground.
(4) Mean yield/tree + Mean total wt of dropped fruit/tree.
(5) Est. wt of fruit on ground χ 0.56 (% Dacus and Macrophoma
infestation).
(6) Loss/tree due to Dacus (220 D r . ) : Est value of oil/tree
(original yield/tree (73.7) χ oil content of fruit (0.25)
χ price/kg (160 Dr) ) χ 100.
(7) Est. wt loss due to Dacus χ 0.25 χ 160.
(8) W t . of olives harvested/tree χ 0.25 χ 160.
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The average financial loss/tree due to Dacus appeared to be
220 drachmae in the PM area, whereas only a minor 18 drachmae/
tree was lost in check area. However, the gross income/tree
was the same in both areas : 2516 drachmae in PM area vs 2352
in check area.
Table III contains information obtained by dissecting the
fruit which had dropped. In the check area, only 9.9% of dropped fruit had Dacus and/or Macrophoma (although almost no Macrophoma) whereas almost 56% of all dropped from the PM area
were so infested, of which 85% was due to Macrophoma alone.
Table III. Infestations recorded from olives which had dropped
to the ground and were collected from 10-29 Nov.
1981. Means of 11(PM) and 10(check) trees. Ksironomi research plot.
Category
Pest Management
Check
Area
Area
Mean No. of fruit/tree
on ground

3726+3224

1052+472

P e r c e n t Dacus a n d / o r Macrophoma

55.8+18.6

9.9+9.6

Percent Prays oleae

15.0+ 8.5

66.1+21.0

P e r c e n t Prays+(Dacus o r Macrophoma) 1.9+ 2.0

0.4+0.3

No visible insect or pathogen

27.7+ 9.3

23.9+12.7

Discussion
The data of fig 1 and Table I suggest 4 discrete generations. First generation adults (which emerged from overwintering pupae) survived until, late July. Second generation adults
were present from Aug. 15
until Sept. 10: third generation
adults which were by far the most numerous, spanned about 18
days - from Sept. 18 to Oct. 4. Fourth generation adults began
emerging around mid Oct. It is this last generation which produces the pupae that overwinter.
Timing of the first application is based today on a number
of parameters such as number of flies captured per Mcphail trap
presence of nature eggs in female flies and initiation of oviposition, parameters which are difficult to mesure accurately.
Males are not attracted to the pheromone until they become
sexually active (9), which coincides with the resumption of
ovarial development at about the time the fruit becomes susceptible to oviposition (5). Thus the pheromone may be used to
time the first application.
It is important to point out that because new recruites
are generally not entering the adult population until early
August, the first aerial spray as now applied can be very
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effective in preventing subsequent losses. Additional evidence of the importance of the accurate timing of the first spray
is the data of Macrophoma infestation. Macrophoma, which mainly infests the fruit during July and early August, result in
the complete loss of each infested olive. Thus, the first
spray, timed to occur just before oviposition starts, not only
reduces the subsequent Dacus population but greatly reduces
the number of early ovipositional punctures .and hence Macrophoma infestation. Most of the estimated weight loss due to
Dacus (5,5 kg/tree Table II) from the PM area was due to Macrophoma infestation.
Timing of the subsequent applications is based on the
number of flies captured in Mcphail trap. When 5 flies or more
are captured/trap/5 days a spray,is considered necessary. According to this criterium the 2
spray should have been applied about Aug. 20. Although this application was actually
realized after Sept. 10 no change in the levels of infestation
between PM and check area were observed. In addition adult
population levels in both areas decreased to almost zero. This
suggests the need for reexamination of the 5 flies/trap level
as a point of treatment. Experiments in Chania, Crete Neuenshwander and Michelakis, unpublished data) show that in the
Fall levels as high as 30-50 are permissible. Similarly research in Corfou (Kapatos and Fletcher unpublished data) have
established precise economic injury levels based on Mcphail
trap catches, temperature, time of year, and the intervention
levels vary from 5-30. The higher numbers occur in late September and October. The spray in the PM area was applied on
Oct. 4.when the population was naturally falling. But by
Oct. 1 it was apparent that the harvest would be significantly delayed and protection would be required for another month. The Mcphail trap counts reached 77 flies/trap/day, on
Sept. 27 and there was no way of Knowing that the population
wa^-rapidly approaching zero by itself the consensus was to
apply 1 spray to kill the standing adult population. Because
it was so late in the season and the cooler weather'meant retarded
developmeet rates, this spray probably could have been avoided. But in order to maintain the confidence of the farmers
it seemed prudent not to allow a big infestation to develop,
even if no increased financial losses occured.
Although the financial loss/tree due to Dacus only, appeared to be a substantial sum in the PM area as compared to
the check area, there was no difference in estimated income/
tree in both areas (Table II). This is probably due to the
compensation ability of the trees. Experiments in Chania (12)
has shown that with Tsounati and Koroneiki olive varieties
the tree can compensate for 10% fruit drop, without reduction
in yield. Evidence from Ksironomi area suggests that Megaritiki variety can do likewise.
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Development of a pest management system for Dacus oleae in Corfu
by utilizing ecological criteria
E.T.KAPATOS & B.S.FLETCHER
Olive Institute, Corfu, Greece

Summary
A pest management system for Dacus oleae, designed to minimize the
use of insecticides, was developed for Corfu by using data from
ecological studies and an assessment of crop losses caused by this
insect. The pre-harvest period, when control measures are normally
carried out, is divided into two parts, July and September-October,
and different criteria are used to determine the timing and number
of sprays in each period. The basis of the pest management system
is an air bait spray against the adult population in July, timed to
coincide with the maturation of the females just prior to the start
of oviposition. If this is successful the need for extensive insecticide treatments in September-October is eliminated and localized
treatments against any remaining 'hot spots' can be based on the
economic thresholds that have been developed for this period.
Résumé
Un procède pour le contrôle du Dacus oleae,
créé pour réduire au maximum
l'emploi d'insecticides, fut développé à Corfu, en se servant des données d'études écologiques et de l'évaluation des pertes causées par cet
insecte. La période précédant la récolte, lorsque les mesures de contrôle sont normalement exécutées, est partagée en deux : juillet et
septembre/octobre. Différents critères sont employés pour établir la
date et le nombre de pulvérisation dans chaque période. La base de contrôle de ce système est un appât pulvérisé par avion, visant la population adulte en juillet et coïncidant avec la maturation des femelles,
juste avant la ponte des oeufs.
Si ce traitement réussit, il n'est pas alors nécessaire d'avoir recours
à des traitements importants par insecticides en septembre/octobre,
mais seulement à des traitements localisés contre des "poches contaminées", et basée sur le minimum économique viable calculé pour cette période.

1.

INTRODUCTION
Cover sprays of organophosphate insecticides which kill the adults on
contact and the immature stages in the fruit by a semi-systemic effect,
and protein hydrolysate plus insecticide bait sprays which attract and
kill the adults are still the only reliable methods of controlling the
olive fly, Dacus oleae (Gmelin), available to the grower.
The use of aerial bait sprays was suspended in Corfu after 1967 when
a severe outbreak of the olive black scale Saissetia oleae was attributed
to the over use of air sprays 1n September causing detrimental effects to
the beneficial insects which normally control the scale. For the next ten
years cover sprays were used exclusively. These, however, are relatively
expensive to apply and require active participation by individual growers.
When it became clear that under the agricultural conditions existing on
Corfu full protection could not be obtained without repeated applications,
a decision was made 1n 1978 to start using air sprays again.
CEC /IOBC Symposium /Athens /Nov. 1982
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Because of the earlier experience of the harmful side effects that
could result from overuse, plus the increased pressures against the use
of insecticides in general, it seemed sensible to develop a pest management approach which was compatible with the population dynamics of
D. oleae and justified by cost benefit functions based on an accurate
assessment of crop losses. The main aims were to increase the effectiveness of the initial treatment thereby reducing the need for subsequent
treatments and to keep the insecticide applications to a minimum without
causing economic loss to the growers.
To provide the basic data necessary for the development of this pest
management system, long term ecological studies on D. oleae were instigated on Corfu in 1973 as part of a joint Greek Government/FAO project on
the control of olive pests and diseases. The phenology and population
dynamics of D. oleae were studied in detail and quantitative data relating to the survival and development rates of the various life stages,
maturation rates and reproductive potential of the adults, the efficiency
of McPhail traps, and the crop losses due to infestation by this pest
were obtained (10,9,4,3,5,6,7).
2.

THE ECOLOGICAL DATA USED TO DEVELOP THE PEST MANAGEMENT SYSTEM

2.1 The agro-system. Almost all the 3.5 million olive trees, which
are the sole host of D. oleae on Corfu, belong to a single variety
'lianolia' which is aTate flowering variety that produces large numbers
of small fruits used almost exclusively for oil production. The fruit
start to form in mid-June and ripen slowly. When'free from olive fly
infestation many remain on the trees until the following May or early
June. Individual trees have a biannual fruiting cycle with high production one year and low production the next. A high proportion of the
trees in a particular area are often synchronised in this respect.
Harvesting starts in mid-November when the oil content of the tree
is relatively high and natural fruit fall starts to increase. The fruit
are allowed to fall naturally onto nets placed beneath the trees and
collected regularly. Because of this, the harvesting period extends
from November until the end of fruit fall in early June.
2.2 The phenology of D. oleae on Corfu. In Corfu, D. oleae has essentially four generations per year (10,4). Adults from the previous season
pass the fruitless early summer period in an immature state and mature
and oviposit in the new fruits in July and early August, giving rise to
the first new generation of adults, which start to emerge in late August.
During the period from September until February - March there are
two overlapping generations with peak numbers of immature stages in the
fruit in late September - mid-October and November respectively. Most
individuals of the third generation pass the winter as pupae in the
ground and emerge in February or March. These adults, plus the few
which overwinter successfully infest the fruits remaining on the trees
in April - May producing a fourth generation of adults which emerge in
late May and June. These adults remain immature until just before the
new seasons fruit crop becomes suitable for attack in July.
2.3 Maturation rates and fecundity of adults. The onset and rate of
maturation of females during the summer period is determined by the
interaction between climatic conditions and the presence and size of the
ripening olive fruits (1,3). This normally synchronises the completion
of ovarian maturation with the time when the olives reach a stage of
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ripeness that enables the larvae to successfully develop within them.
This synchronization normally leads to oviposition starting in mid-July
but it may be disturbed, when climatic conditions differ markedly
from normal. During the remainder of the year temperature appears to be
the major factor determining maturation rates although availability of
fruit does have some effect.
Field cage studies plus field observations indicate that the potential fecundity of D. oleae is low during late summer due to the effect
of high temperatures but increases in September and reaches its maximum
in late October. It decreases during the winter months and increases
again in the spring. Average potential fecundity values for September
and OctoberNovember were estimated to be 107 and 186 respectively (7).
2.4 Survival rates of the immature stages. Data obtained from an
intensive long term study at Ropa, an experimental site in the central
part of the island containing approximately 2,000 olive trees, and additional data obtained from 18 other sites were used to construct life
tables and life budgets for D. oleae (9,4).
These indicated that the overall survival from egg to emerging
adults is quite similar for the first three generations (i.e. 0·19,
0·26 and 0·16 respectively) although the mortality factors acting on a
particular stage may be quite different from generation to generation.
In spring, due to the absence of parasitism and other mortality factors
within the fruit, survival from egg to adult is much higher (0·49).
This, plus the relatively large amount of fruit still available for
infestation in the spring explains why the adult population of D. oleae
on Corfu reaches such high levels in early summer.
From the life table data it was possible to determine that in the
absence of control the probability of survival from egg to third stage
larva for the first three generations is 0·49, 0*72 and 0·83 respectively.
These data enable predictions to be made about the likely fate of initial
infestations of known size and as will be seen later are essential for
the calculation of economic thresholds.
2.5 Trap efficiency. Adult populations of D. oleae are monitored by
traps and the type most commonly used is the McThail trap baited with an
aqueous mixture of protein hydrolysate and borax. As with most kinds of
trap, their efficiency changes during the season and so trap catches
alone represent an unknown and variable fraction of the population. To
determine their efficiency, therefore, the trapping data at several
locations on Corfu were related to absolute population estimates obtained
from markrecapture studies (5). These indicated that apart from the
summer months, when fruit is unavailable and the adults remain immature,
temperatue is the main factor determining trap efficiency. Using regression analysis, therefore, it was possible to develop a model for converting weekly mean trap catch data into absolute estimates of the adult
population per tree when mean temperatures during the trap period are
available. The specific equation for females was found to be
NtF,· = C i / exp (-4-794 + 0'223T 1 )

... (1)

where NtF-j = number of females per tree in week i, C-f = mean weekly
number of females per trap and T-j = mean weekly temperature.
2.6 Estimation of olive oil yield for the Corfu variety. In order to
establish economic injury levels for D. oleae infestations in Corfu it was
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necessary to determine the average potential yield of fruits of the
lianolia variety when harvested. This was done by calculating the mean
oil content of fruit harvested from trees in different parts of the
island which had been protected from olive fly infestation from the beginning of the season onwards (7). The average yield of olive oil per
fruit was estimated to be 0«293g. This, therefore, represents the
actual loss in olive oil production of individual fruits which fall
prior to the start of harvesting as a result of infestation by D. oleae.
2.7 Assessment of crop losses due to D. oleae. For oil producing
varieties of olives three potential sources of crop loss due to olive fly
attack can be recognised.
a. Accelerated fruit fall leading to preharvest losses.
b. Consumption of fruit pulp by the larva reducing the quantity of oil.
c. A reduction in the quality of the oil due to increased acidity,
which decreases the market value.
Our studies (6) indicated that significant premature fruit fall did
not occur until the developing larvae had reached at least the third stage.
The proportion of such fruits that fell prior to harvesting was estimated
to be 0-915 for the first infestation in July - August, 0·760 for the
second infestation peak in September, and 0·435 for that in October.
Comparisons between the weight loss of infested and uninfested fruit
indicated that in the Corfu variety 'lianolia' individual larvae only
consume 4-48% of the pulp during development (6). Thus, the loss in
oil yield from infested fruits is relatively minor if the fruit remains
on the tree till after the beginning of harvesting.
Studies on the acidity of the oil obtained from infested and noninfested fruit indicated that significant differences did not occur while
the fruits remained on the trees. Acidity did start to increase, however,
a week or so after the fruit fell, mainly due to the secondary invasion
of the fruit by fungus and bacteria through the exit holes left by the
larvae or adults (6). Similar studies on Crete (11) also showed that
storage conditions before milling interact with the fruit infestation to
increase acidity of the oil.
3.

THE ESTABLISHMENT OF ECONOMIC INJURY LEVELS AND ECONOMIC THRESHOLDS

On Corfu, control procedures against olive fly are normally carried
out between July and October. With regard to the phenology and population dynamics of the pest this period can be divided into two parts, the
July - August period which covers the first generation and the September
- October period which covers the second and early part of the third
generations. Economic injury levels can be calculated for any period
during the fruiting season when control measures are likely to be applied.
However, for the first generation it is not really necessary to determine
economic injury levels as the criteria that determine spray applications
during this period are based on other considerations, which are discussed
in the next section.
3.1 Economic injury levels for the September-October period. From an
agricultural viewpoint the economic injury level can be defined as the
level of infestation at which the revenue loss is equal to the cost of
control. For this study control costs per tree were estimated to be
equivalent to 300g and 50g oil for cover sprays and aerial bait sprays
respectively (based on 1980 prices).
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For each infestation period therefore (i.e. September and October)
the loss in grams of oil due to infested fruit (D) comprises losses due
to preharvest fruit drop (which are a total loss) and consumption of
fruit pulp in the proportion of infested fruits that do not fall until
after the beginning of harvesting.
The effects on oil acidity are not included because this is essen
tially a harvesting problem, and it would seem more sensible to improve
harvesting and storage procedures to overcome this, rather than by
"loading" the economic thresholds which would lead to an increase in
insecticide use, a situation which the pest management system was deve
loped to avoid.
Thus
D = A.f.S.Pd + A.f.S(lPd)C
... (2)
where Δ = number of infested fruits; f = potential oil production per
fruit (= 0293g), C = proportion of fruit consumed by a larva (= 00448),
Pd = proportion of infested fruit which will drop before harvesting and
S = probability of survival from egg to third stage larva. Here we have
chosen to use survival from the egg stage for S but it would be easy to
modify the equation to include other stages also, as their probabilities
of survival are known (4).
If the cost of the control treatment per tree in grms of oil ( D E ) is
substituted for D then the equation can be solved forAj: which will
represent the number of infested fruits per tree that will cause economic
loss equal to the cost of the control. I.e.
Δ Ε = D E / 0293.S.Pd + 0293.S(lPd)0'0448

... (3)

Air bait sprays have to be applied over a relatively large area to get
effective control and this introduces an additional variable in to the
calculation of economic injury levels. This is because only a propor
tion of the olive trees within an area are likely to bear fruit in a
particular year. Thus for air bait sprays Δ Ε is given by
Δ Ε = D E / A(0'293.S.Pd + 0'293.S(1Pd)0'0448) ... (4)
where A = the proportion of productive trees in the area. In practice,
however, it is likely that only a proportion of the productive trees in a
large area really need to be protected against infestation as when effec
tive treatments have been carried out previously the D. oleae populations
are likely to be aggregated into small pockets. Thus economic injury
levels for air sprays are likely to be underestimated.
Two economic injury levels were developed for cover sprays, one for
the infestation that starts at the beginning of September and the other
for the infestation that starts at the beginning of October (Table 1).
For aerial bait sprays, an additional economic injury level was calculated
for the infestation that develops in November as the actual treatment to
prevent this would be applied in October prior to harvesting. The thres
holds for air sprays are shown in Table 2 where values of 025, 05,
075 and 10 have been used to represent the proportion of trees in
production. In order to express the economic injury levels in terms of
percentage infestation, which in practice is an easier parameter to
determine, 1t was considered that the average number of fruits per tree
in a year of good production would be 30,000.

597

TABLE 1. Economic injury levels for D. oleae infestations, calculated in
relation to the cost of cover sprays, expressed both as number of infested
fruits per tree and percentage infestation.
September
Number
%
fruits infested
infestation
1848

October
Number
%
fruits infested
infestation
3094

616

1031

TABLE 2. Economic injury levels for D. oleae infestations, calculated in
relation to the cost of air bait sprays, expressed both as number of
infested fruits per tree and percentage infestation.
Proportion
of trees
with f r u i t
(A)
0·25
050
075
100

September
Number
i
fruits
infes
infested t a t i o n
1332
616
411
308

411
2· 05
131
108

October
Number
%
fruits
infes
infested t a t i o n
2064
1032
688
516

688
344
229
172

November
Number
%
infes
fruits
infested t a t i o n
18384
9192
6128
4596

61· 28
3064
2043
1532

3.2 Economic thresholds for the SeptemberOctober period. The econo
mic threshold can be defined as the pest population level which if not
treated will exceed the economic injury level. In the case of cover
sprays it is meaningless to distinguish between these as the economic in
jury levels are expressed in terms of initial infestation levels. Clearly
if control by cover sprays is not instigated at this point, then economic
damage will occur when the infestation reaches an advanced stage.
In the case of aerial bait sprays, however, the treatment does not
kill the immature stages within the fruit, so it is necessary to carry
out the treatment before fruit infestation actually occurs. The economic
threshold or intervention point therefore can be defined as the adult
population density which if not suppressed will produce a level of fruit
infestation above the economic injury level. This can be determined when
the appropriate economic injury levels (Table 2) and the potential fecun
dity of the females are known.
In practice, however, adult populations of D. oleae are monitored
with McPhail traps and so it is more useful for making control decisions
if the economic thresholds are defined in terms of the mean weekly number
of females per trap. This introduces another variable into the calcula
tions because trap efficiency changes throughout the year. Thus the
potential total number of eggs laid by females per tree (NtE)
¡s
NtE

= Ρ .NtF,

(5)

where Ρ = potential fecundity and NtF = number of females present per
tree as defined in equation (1). Then assuming that a single egg is laid
in each fruit (a likely situation at intermediate population levels), NtE
should also equal the number of fruits these females infest ( Δ Ι ) , i.e.
NtE = A j . Although females may move from tree to tree, because NtF is
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an estimate of mean density of females per tree, Δι should be a good
estimate of total number of fruits infested per tree. Thus using the
relationship shown in equation (1) it is possible to redefine A ¡ as
Δ ! = C ^ P / exp(4794 + 0223T)

... (6)

If the calculated economic injury level ( E ) for the appropriate
period is substituted for ¡ then the equation can be solved for Cfr
which represents the weekly catch of females in McPhail traps that corres
ponds to the economic threshold and thus the intervention threshold i.e.
CE =Δ Ε .βχρ(4·794 + 0223T) / Ρ

... (7)

Economic thresholds expressed as number of females trapped per week
in McPhail traps baited with protein hydrolysate and borax for bait
sprays applied in September and October for various fruiting conditions
(i.e. A = 0·25, 0·50, 0·75 or 1·0) are shown in Table 3. In obtaining
these, values of 23°C and 19°C for Τ (based on 15 year averages) were
used.
TABLE 3. Calculated economic thresholds for air bait sprays, expressed
as weekly number of females caught in McPhail traps.
Proportion of
trees with fruit
(A)

Number of femal es per trap
September
October

025
050
0·75
1·00

16
8
5
4

6
3
2
1

3.3 Economic thresholds for the July  August period. Our knowledge
of the phenology and population dynamics of P. oleae indicates that the
period in July just prior to the onset of infestation of the new fruits
represents a unique opportunity for population suppression because all
individuals are in the adult stage and highly responsive to protein
baits. The major decision, therefore, is not whether to spray but exactly
when to spray as this will determine how effective the treatment will be.
An aerial bait spray is likely to be most effective when it is app
lied as close as possible to the beginning of the infestation, but of
course prior to when it actually starts. This is because the adults are
most responsive to the protein hydrolysate bait when they are actually
maturing their ovaries which during the summer period does not start
until 710 days before oviposition. Prior to this they are much less
responsive to the baits. A further advantage of delaying the application
as late as possible is that earlier treatments would increase the pos
sible side effects of the insecticide on some important natural enemies
of Saissettia oleae which are very active in late June and early July
(12TT3T
By sampling fruit at twenty different locations on Corfu during the
summer months over a three year period, it was possible to establish when
the infestation started and determine the relationship between it, fruit
weight and percentage maturation of females. From these data a formula
was developed which predicts the time when completion of ovarian
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development will take place in the field on the basis of mean fruit
weight (which can be determined by sampling) at any suitable date from
late June onwards (e.g. 30 June as shown in Fig. 1). It thus enables
the time of application of the air bait spray to be determined (8). A
big advantage of this method is that it allows sufficient time for the
planning and implementation of the spray programme without the need to
keep staff and aircraft on constant standby.
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IMPLEMENTATION OF THE PEST MANAGEMENT SYSTEM

4.1 July  August period. A well timed aerial bait spray applied in
July to all areas with trees in production plus surrounding barrier
zones to stop the immigration of intinerant flies (2), should reduce the
adult population to very low levels and therefore eliminate or signifi
cantly reduce the need for large scale control procedures to be carried
out later in the season.
The correct timing of this first treatment just prior to the commen
cement of egglaying when the response of females to protein is at its
peak is of critical importance. When the spray is applied too early, or
unusual climatic conditions disrupt the close synchrony between fruit
size and maturation a part of the population may still be in a physiolo
gically immature state when protein requirements are low and thus escape
the effects of the spray. These adults do not show up in the McPhail
traps used to monitor the success of the treatment immediately but usual
ly 1  3 weeks after the treatment. When sufficient numbers of flies
escape the treatment, or significant fruit infestation occurs prior to
the treatment, major infestations are likely to occur later in the season.
4.2 September  October period. If the first bait spray application
in July is effective then the overall infestation in September should be
very low. It is likely, however, that some 'hot spots' will occur where
population levels if left untreated will exceed the economic thresholds.
Because in most cases these hot spots will be confined to small areas
scattered through the whole region they are not likely to be detected
until actual fruit infestation occurs. Under these circumstances it is
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more cost-effective and less disruptive to the environment to treat
trees in these hot spots with cover sprays applied from the ground once
the infestation develops rather than prophylactically with aerial bait
sprays at some earlier date, which would require a much larger area to
be treated.
A number of other factors also make the application of air treatments in September and October more difficult and less effective than in
July. The overlapping of generations means that a proportion of the
population is likely to be in a pre-adult stage and unaffected by bait
sprays. Also the deteriorating weather conditions from September onwards
make aerial spraying more difficult and reduce the effectiveness of the
protein bait.
Regardless of the method of control used, however, each treatment
applied in September and October should be justified by a cost benefit
analysis of the type presented here. It should also be borne in mind
when establishing intervention thresholds on a regional basis that the
direct cost of control is not the only factor that should be taken into
account. Deleterious effects on beneficial and other non-target organisms and environmental pollution are important but largely unquantifiable
costs that need to be considered. The real economic thresholds therefore, are likely to be significantly higher than the thresholds presented
here which are based solely on crop losses.
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Estimates of the crop losses caused by Dacus oleae (Gmel.)
(Diptera: Tephritidae) in Crete, Greece
S.E.MICHELAKIS
Institute of Subtropical Plants & Olive Tree, Chania, Crete, Greece
P.NEUENSCHW ANDER
Entomology Department, Swiss Federal Institute of Technology, Zürich

Summary
In order to estimate the total crop loss caused by D. oleae we tried to measure different components of the damage inflicted by the olive fly, separately for different periods of the year, for the two main oil varieties in
Crete, Koroneiki and Tsounati.
a) In summer, compensation was estimated at 10% for olives lost in August
and 5% for those lost in September.
b) In autumn and early winter, olives with exit holes dropped at a rate 2.5
and 3.3 times higher than those containing a larva in the Koroneiki and
Tsounati varieties respectively.
c) At harvest time, larval consumption of fresh pulp in Tsounati olives amounts to about 50 mg while for Koroneiki olives this consumption is increr
ased to 150 mg. In addition, log acidity increases directly with the proportion of exit holes in the fruit to be processed and in olives with exit
holes, acidity increased four-fold in Tsounati and two-fold in Koroneiki
olives when compared with uninfested fruit. Storage on the other hand caused acidity levels to rise three times within two weeks and six to twelve
times within four weeks.

Resume
Afin d'apprécier les pertes finales provoquées sur les olives par
D. oleae,
nous avons mesuré divers paramètres qui les composent, séparément pour les diverses périodes de l'année et pour les deux principales variétés de l'olivier en Crète, Koroneiki et Tsounati.
a) Durant l'été, la compensation est estimée à 10% pour les fruits perdus en août et 5% pour ceux tombés en septembre.
b) En automne et au début de l'hiver, 2,5 et 3,3 fois plus de fruits
contenant des trous de sortie sont tombés que de fruits contenant des
larves respectivement sur les variétés Koroneiki et Tsounati.
c) Pendant la période de la récolte, la consommation de la larve en pulpe se situe à 50 mg pour la variété Tsounati et 150 mg pour Koroneiki.
Le log. de l'acidité de l'huile croît directement avec la proportion
des trous de sortie. En plus, sur ces fruits, l'acidité est de 4 et
2 fois plus élevée par rapport à celle des fruits sains pour Tsounati
et Koroneiki respectivement. Enfin, l'acidité se trouve 3 et 6 à 12
fois plus élevée si les fruits sont stockés pendant 2 et 4 semaines
respectivement.
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1. INTRODUCTION
Throughout most of the Mediterrannean Basin, where almost all of the
world's olive oil is produced, D.oleae is considered the most serious insect pest on olives. In several overlapping generations it attacks olives
from early summer up to harvest. The eggs are laid singly into maturing
olives. The larvae which feed on the pulp develop through three larval instars. Quite commonly the olive drops when the larva has bored its exit
hole. Fruit drop however is the consequence of a reduction in the force of
attachment of the olives to their petiole. As the olives ripen their attachment becomes weaker due to the growth of an ubscission layer (3, 12).
The experiments for estimating the crop losses caused by D.oleae were
carried out in Chania on the island of Crete which produces 36% of the oil
in Greece. The two main oil varieties of the Chania province, are Tsounati
and Koroneiki.
As olive culture is intensified it is important to assess more accurately the crop loss caused by D.oleae and to compare it with the expense
of controlling this insect, taking into account also secondary costs. Detailed data for such a cost benefit analysis have not been available previously, and the notion of the damage inflicted by D.oleae was based on personal experience more than on actual measurements. Generally three types
of damage by D.oleae larvae can be recognized for oil olives ( 11). l.Attacks
in summer and fall cause a premature fruit drop of olives, which are there
by lost from harvest. It is commonly assumed that this is the most important type of loss (1,4,6).
2.The larvae of
D.oleae consume a certain amount of pulp during their development. This results in a reduction of oil quantity, which has been estimated previously at 20-25% of the oil from infested olives (2,11). 3.Through
the action of D.oleae the quality of the oil is lowered.
For studing the crop losses on the whole, caused by D.oleae, the following periods have been considered:
a)The losses caused in summer, taking into account the compensation to the
dropped fruit with the increase in size of the individual olives left on
the tree and with an increased percentage of the oil content of these fruit
(8).
b) In order to estimate the fruit drop during autumn and early winter, the
natural i.e. physiological fruit drop must be taken into account. The influence of the infestation on fruit drop depends on the time of attack and
on egg and larval mortality (9).
c)For estimating the losses at harvest time, the quantitative loss in oil
through direct larval consumption and the increase in acidity, which can
be attributed to D.oleae are measured. In a last step the increase in acidity caused by the action of D.oleae larvae is measured for storage intervals of up to four weeks as is common agricultural practice in Crete (5,7).
2.MATERIALS AND METHODS
Most experiments were carried out in orchards belonging to the Institute of Subtropical Plants and Olive Tree, Chania on the two main oil varieties of the Chania district, Tsounati and Koroneiki and under irrigated
and non irrigated conditions.
a)In order to measure to what extent and in which period loss in fruit numbers can be compensated for by increased weight and oil content of the remaining olives, branches were used as treatment units on 16 trees (8 Tsounati, 8 Koroneiki). Ten double branches with an equal crop and of a diameter of about 2-4 cm were marked on each tree. The following treatments were
assigned at random: Half of the double branches were used for fruit removal
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in August and half were reserved for treatment in September. The five double
branches for each month were then stripped off 10, 20, 30, 40 and 50% of
their olives on the treatment side of the branch. At harvest in December
all the remaining olives on the treatment part of the double branch as well
as the ones on the check side were separately harvested and those samples
the total weight,the fruit number and the oil contents were then determined.
In an other experiment olive fruit were experimentally removed from entire
trees.
b_)Fruit drop caused by D.oleae was determined from random samples of olives
from the trees and from sleeve cage experiments. On chosen olives of equal
ripeness resistance to detachment of infested and uninfested fruit was also
measured.
The controlled infestation in August was obtained by placing 30 ovipositing females of D.oleae and an equal number of males into each sleeve for
a few days. The sleeves measure 75X120 cm and were made from green plastic
mesh of 1.7 mm. They enclosed each several hundred olives. The total of 72
sleeves divided into eight sets i.e. nine sleeves per month were utilized
from August up to April. The olives which had dropped into the sleeves were
removed ore to three occassions and dissected. The olives remaining on the
branch were harvested and dissected when the last larvae had pupated.
The resistance of individual olives to detachment was measured in the
field by means of a dynamometer Correx R (Haag-Streit, Bern, Switzerland).
Shortly before harvest i.e. in November for the Tsounati and in January for
Koroneiki variety, the resistance of pairs of neighbouring olives of equal
size and colour one being infested, the other one not, were measured. On
each of four trees per variety, 50 such pairs were utilized. In each of 10
pairs per tree the infestation consisted either in a young larva (L^), an
old larva (L3), a fresh or an old exit hole,while another 10 pairs contained
no infestation at all and served as an additional control. The type of infestation was verified by dissection after detachment of the olive.
c^In order to measure the amount of pulp consumed by D.oleae larvae frechly
infested single Tsounati olives from the field were kept under laboratory
conditions together with one uninfested fruit. Both olives were weighed at
the beginning of the experiment and on the day the larva left the fruit to
pupate. From these measurements the amount of pulp consumed by the larva in
the last days of its development was calculated, taking into account the
loss of weight due to desiccation measured by means of the uninfested fruit.
This pulp loss was then translated into loss of oil.
In other experiments entire trees were used for mesuring the amount of
pulp consumed by D.oleae (7).
For the measurement of the combined effect of D.oleae attack and the
length of storage of fruit before milling on oil quality, infested fruit
were harvested directly from the trees in different places in the Chania
plain between December and April. Each group was then separated into three
batches one for immediate processing, and two for outdoor storage of two
and four weeks respectively. The storage conditions were similar to the ones
used in Crete.
In order to determine precise infestation levels a subsamble of about
100 fruit from each batch was dissected under the binocular before milling
and for the analysis the number of third instar larvae and exit holes of
emerging larvae found in a subsamble of 100 fruit was related to the acidity of the oil.
3-RESULTS

a)The experiments were carried out on entire olive trees and on single o l i ve branches. By working on single branches some of difficulties encountered
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in the experiment with entire trees could be avoided concerning especially
direct comparison between varieties and dry versus irrigated trees.
An overall characterisation of the olives used in this experiment is
given in table (I). Tsounati olives, typically, had a larger size andahigher oil content than Koroneiki olives. Irrigation caused better growth of
the olives influencing markedly the oil content.
From the mean weight of the removed olives in August and September,
on one hand, and in December at harvest on the other hand, the weight increase during the experiment was computed for each branch. (Table II).From
August to December, the increase in weight was greater in Tsounati than in
Koroneiki olives, with a tendency to be bigger in irrigated trees. The same
tendency could be found for the period from September to December. A comparison with table (I) shows that, at the time of removal of the olives in
August,irrigated Tsounati olives had already reached roughly 70% and dry
Koroneiki fruit even 80% of the harvest weights of their respective control
olives. For September these values varied between 82 and 86%.
The increase in fruit weight at harvest for the different proportions
of olives removed is shown in the figure (1), where values for irrigated
and non irrigated trees were combined. If, in addition, irrigation is taken
into account, the slopes b of the straight lines expressing mg weight increase per olive in relation to the proportion of olives (%) removed in August, were as follows (t-values in brackets). Tsounati dry 3.8 (2.35* for
20 branches and significant trend in the analysis of variance), irrigated
1.5 (0.83); Koroneiki dry 1.0 (1.03) and irrigated 0.3 (0.41). It is concluded that only Tsounati trees responded clearly to an increase in the percentage of fruit drop in August by means of a weight increase of the remaining olives. That is, in Tsounati olives compensation increased with the
amount of fruit removed. Compensation was more pronounced in unirrigated
trees. When olives were removed in September, the response became much weaker and was far from being significant. With Koroneiki trees the same trends
were found, but the responses were less pronounced.
The oil content expressed as a percentage of dry weight, however,
showed clear cut compensation when the treated and untreated side of the same double branch were compared. In August, Tsounati olives on all treated
branches increased their oil content by 8.6% over their counterparts on the
untreated side of the same branch, while Koroneiki olives even gained 13.3%¿
The increase in oil content according to the amount of olives removed, is
given in table (III) where Values for both varieties were combined. When
10% of the olives were removed in August, the remaining olives contained
5.0% more oil than the untreated controls. With 50% removal, compensation
in oil content reached 16.6% which is significantly different from zero.
Mean compensation, calculated from all 48 double branches amounted to 10.9%.
On the other hand, when the olives were removed in September, compensation
was smaller at the two higher percentages. Overall compensation still amounted to 8.3%.
b)When olives were infested in sleeve cages, the density of the infestation
was much higher and no overlap of successive generations occured. Fruit
drop was measured after the last L3 was estimated to have left the olives
and the sleeves for pupation in the ground i.e. after about one month in
fall, three months in winter and one month in April. The density of the
infestation which consisted of dead larvae and exit holes, varied grealy
from one monthly set of sleeves to another and to a lesser extent between
the olive varieties. Over the whole range of mean densities found in the
monthly sets (from August to February in the case of Koroneiki olives and
from August to January for the Tsounati olives) the infestation among the
dropped olives increased linearly with the infestation among the olives on

606

the branches (fig.2). In both varieties, olives with exit holes dropped at
a higher rate than those containing larvae. The slopes of the regression
lines for olives with exit holes were thereby 3.32 and 2.54 times sleeper
(significant) than the ones for olives with larvae in the case of the Tsou
nati and Koroneiki varieties respectively.
In another experiment the resistance to detachment was recorded for
infested
and uninfested olives of equal ripeness (table IV). Both varie
ties gave essentially the same results: The older the infestation, the lar
ger the differences between uninfested and infested olives. This reduction
in the strenght of the attachment of infested olives was very small in the
case of the different larval instars, but became more important once the
larva had left the olive.
^)In one experiment larvae in field infested green Tsounati fruit were rea
red in the laboratory and the amount of pulp consumed measured directly,
thereby excluding the possibility that the plant replenished the frass tun
nel with pulp fluid. Out of 108 fruit, which presumably were freshly infe
sted at the onset of the experiment, 5 7 larvae emerged between days three
and nine. The amount of pulp consumed by the larvae during the experiment,
after taking into account desiccation of the olives, is listed in table (V).
The regression of pulp (y) on time in days (x) indicates that in the last
seven to eight days of their feeding period, the larvae consume 8 mg of
pulp per day. Feeding seems to stop about two days before emergence as in
dicated by the intercept of the regression line with the abszissa. Since the
amount of pulp consumed by the first instar larva is certainly very small,
it is estimated from this experiment that the total consumption by all three
instars, which have a total developmental time of 1011 days at 25°C and
culminate in a mean weight of 9.0 mg for each L3 at emergence, is roughly
55 mg. This value must be compared with the 45 mg obtained in the field
experiment for Tsounati olives. It is therefore safe to conclude that the
value for Tsounati is about 50 mg per larva. With Koroneiki olives, on the
other hand, it was not possible to do the same experiment in the laboratory
because the fruit of this variety were black, very small, and oily. Field
experiment with less precision gave for Koroneiki the value of 150 mg per
larva.
For studing the effect of D.oleae attack and storage of fruit before
milling on oil quality, batches of different infested olives which in addi
tion had been stored outdoor for different periods, were processed and the
oil quality determined by analyzing the acidity.
Tsounati variety: The acidity of each batch of Tsounati olives is plot
ted in figure (3a) in relation to both the number of exit holes counted on
a subsample of 100 fruit and the storage time before milling. With log aci
dity as y and exits per 100 fruit as X the regression line for Tsounati oli
ves is y r0.48815 + 0.00622 X for week zero with t = 9.60*. The adjusted
means are the following: week zero  0.271, week two + 0.191 and week four
+ 0.799, all being significantly different from each other (critical inter
val = 0.156). From these finding it can be concluded that acidity increases
by a factor of 4.19 for 100% infestation compared with a Dacus free crop.
Storage of two and four weeks increases the acidity by factors of 2.90 and
11.75 respectively.
Koroneiki variety: For Koroneiki olives the acidity values found at
the different infestation levels and storage times are presented if figure
(3b). The corresponding regression formula for week zero is y = 0.10321 +
0.00274 X with t  1.769 (η.s) and the following adjusted means: 0.020 for
no storage, 0.454 for two weeks and 0.770 for four weeks storage. All means
are significantly different from each other (critical interval = 0.261).
From these results it can be calculated that acidity increases by a factor
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of 1.88 for 100% infestation compared with no infestation, as well as 2.72
and 5.6 3 fold for two and four weeks storage respectively.
DISCUSSION
¿)The results concerning compensation, either on entire trees or from in
dividual branches are consistent. There are indications that compensation
is higher on unirrigated trees, where competition among the single olives
for the little available water plays a role. But, generally, olive trees
from both varieties, grown under different conditions, react similarly to
early fruit loss.
The 10% loss of olives which can be compensated for by increased fruit
weight and oil content has to be taken into account for the definition of
an economic threshold. Considering the cost of a summer treatment, the eco
nomic threshold for summer infestations of D.oleae can be fixed around 11%
of which 10% include the compensation capacity and 1% includes the treat
ment costs. It must be noted that these 11% refere only to the percentage
of olives which drop because of D.oleae and not to the total infestation.
In September on the other hand, compensation is smaller.
b_) Fruit drop of infested olives depends very much on the developmental sta
ge of D.oleae. According to variety, olives with exit holes drop at a rate
several times higher than olives containing either dead or living larvae.
In some cases, fruit infested with larvae drop less frequently than unin
fested ones, probably because the attacked fruit are relatively unripe.
This is confirmed by the observation that D.oleae females, especially later
in the season, prefer medium ripe olives over black ripe ones. In experi
ments where the choice of the female is taken into account, however, the
resistance to detachment decreases continuously as the larva matures. The
greatest drop in the attachment force occurs after the larva has left the
olive. This is also shown when marked olives containing exit holes from
summer almost all drop before harvest while those with dead larvae drop at
about twice the rate of uninfested olives.
c:)The evaluation of oil loss through direct larval consumption of the pulp
is complicated in that at low infestation levels allowed in an intensive
olive culture, the fruit which are chosen for oviposition by the female are
not necessarily the same as uninfested fruit. Usually they are bigger and
within the size range investigated in our experiments they contain a higher
oil content (10) thereby enhancing the importance of the damage inflicted
by D.oleae. On the other hand the total oil loss in drying fruit with exit
holes is smaller than the obseryed decrease in fresh weight would suggest.
After considering the influence of these factors it is concluded that a Ό.
oleae larva consumes about 50 mg of fresh pulp in Tsounati olives which co
responds to an oil reduction of about 3%. In the smaller Koroneiki olives
the larval consumption is estimated to be about 150 mg, leading to a 20%
reduction in oil quantity.
Acidity, which is the main impartial criterion for oil quality, is the
result of hydrolysis of the oil. Acidity is greatly increased by fermenta
tion through the action of basteria and fungi. Although the olive fly larva
does not itself contribute appreciably to the increase in acidity of the
oil, its breaking of the olive skin at emergence nevertheless induces ferme
ntation while the fruit is still on the tree. A complete infestation there
by raises acidity about two to four fold as compared to uninfested olives.
In Crete, however, such an infestation, where all fruit have exit holes,
happens only rarely and very locally.
If olives are stored before milling, the already existing defects in
the oil quality are magnified according to the storage conditions, by allo
wing a continuation of the fermentation processes. Under experimental con
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ditions, acidity increased about three times within two weeks and six to
twelve times in four weeks. Such storage periods of two weeks constitute
a common agricultural practice, which is partly attributable to bad whea
ther conditions and to lack of manpower and/or oil factories.
REFERENCES
1. ARAMBOURG, Y. (1968)¿ Les insectes nuisibles à l'olivier. Méthodes de
lutteperspectives d'avenir. Inf .oleic, inter. 43, 2133.
2. ISAAKIDES, C A . . (1956). La lutte contre la mouche des olives du Dacus
Practika, Acad.Athens 31, 195206.
3. LAVEE, S. (1976). Abscission studies of olive fruitphysiological and
horticultural aspects. Olea (F.A.O.) June, 3558.
4. MECHELANY, M.E. (1969). Etude préliminaire sur Dacus oleae Gmel. et son
complexe parasitaire au Liban. Magon 28 (Sér.ScT)17 p.p.
5. MICHELAKIS, S. (1978). Definition of a methodology for crop
sments concerning Dacus oleae (Gmel.) Olea (F.A.O.) Dec. 1978, 2831.
6. MONASTERO, S. (1968). I risultati della lotta biologica contro il Dacus
oleae nel 1968 e nuòve acquisizioni tecniche nell'allevamento della Cera
titis capitata W.Boll. Inst. Ent. Agr. Osserv. Fitopat. Palermo 7,165170
7. NEUENSCHWANDER, E., MICHELAKIS, S. (1978). The infestation of Jacus
oleae (Gmel.) (Diptera, Tephritidae) at harvest time and its influence
on yield and quality of olive oil in Crete. Z.ang.Ent.86, 420433.
8. NEUENSCHWANDER, P., MICHELAKIS, S., MIKROS, L., MATHIOUDIS M. (1980).
Compensation for early fruit drop caused by Dacus oleae (Gmel.) (Dipte
ra, Tephritidae) due to an increase in weight and~oil content of the re
maining olives. Z.ang.Ent.89, 514525.
9. NEUENSCHWANCER, P., MICHELAKIS, S. (1981). Olive fruit drop caused by
Dacus oleae (Gmel.) (Dipt.Tephritidae). Z.ang.Ent.91, 193205.
10.PSYLLAKIS, Ν. (1975). Recherches de tests pour l'aptitude des variétés
d'olivier a la culture irriguée. Applications aux variétés Koroneiki et
Mastoidis. Olea ( D e c ) , 5376.
11.SILVESTRI, F. (1914). Report on an expedition to Africa in search of the
natural enemies of fruit flies (Trypaneidae) with descriptions, observa
tions and biologicax notes. Territory of Hawaii Board of Agriculturale
and Forestry.
12.ZUCCONI, F. (1966). Ricerche sull'impiego di prodotti chimici atti a fa
cilitare la raccolta delle olive. V.Interferenza de diversi fattori sulla
efficacia dei trattamenti e dedurioni per la metodologia sperimentale.
Att.Accad.Georgofili, VII Ser.13 (Suppl.), 122.

200 _

£

100 .

m

*
30

40

_J
60

% removal

609

Fig. 1  Increase in fruit
weight following of 10 to 50$
of the olives of the branch
in Aug. or Sept.
Mean of θ branches
Τ = Tsounati,
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Table I .

Fruit weight and oil content on control branches at
harvest.
Tsounati
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Table I I I . Increase in oil content on treated branches
( 1 0  5 0 % removal) as compared to the
untreated part of the same double branch.
The oil content on the untreated branch at
harvest ( expressed as percentage of dry
weight ) is taken as 100% .
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Table IV. Difference in resistance to detachment C in g )
between an unifested olive and an infested
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Table 3Z

Feeding rate of D. oleae larvae at 2 5 C
during the days preceeding emergence from
the fruit.'
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Fig. 2  Comparison of Dacus oleae infestations between dropped olives and
those which remained on the tree, for olives with exit holes (dots) resp.
dead eggs and larvae (squares) on 2 varieties. Each sign represents the mean
of 3 sleeves per mouth, (t for comparison between the 2 slopes.
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Fig. 3  Oil quality expressed as acidity in 2 olive oil varieties,
following different Dacus infestation levels and storage times.
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Observation on olivefly(Dacus oleae Gmel.) - Population dynamics
in Sicily
S.LONGO & D.BENFATTO
Istituto di Entomologia agraria. Università di Catania, Italy

Summary
The key phytophagous of the sicilian olive orchards is the olive flay (Dacus
oleae (Gmel.)); the control, when practiced, is essentially curative by means of generalized sprays with organic phosphorous insecticides. Considering the importance
of the problem, investigations on the population dynamics of D. oleae in relation to
the characteristics of the production quantities have been made in order to individua
lize the methodologies and the most favourable control period.
Studies have been conducted from 1977 to I98I in different olive orchards of
the Jonic Coast on three cultivar which differ for production utilisation: "Ogliarola
messinese" "Nocellara etnea" and "Moresca". In this paper the most significant r e sults relative to four biotopes a r e reported.
During five years observations period, the adult flights were followed by Mc
Phail traps with a biammonic phosphate solution (3%) and yellow cromotropic traps
(Rebell), while,fruit quality^was followed by oil content and physical-chemical charac
teristics of the oil.
Captures of chemiotropic traps were higher than those of the cromotropic ones,
the first showed the presence of the fly at the time when olives begin to be r e c e p t i ve to egg punctures (oil content 2% about). An anticipation of harvest period p e r mits to avoid the mass autumn damages of the fly and to recuperate 80-90% of the ma
ximum quantity of picking oil, characterized by a low contents of acidity and number
of peroxides.
Resumé
La dynamique de population du D. oleae (Gmel.) a é t é é t u d i é e pendant l e
quinquenium 1977-81 dans 5 c u l t u r e s d ' o l i v i e r s de l a S i c i l e o r i e n t a l e sur des
a r b r e s a p p a r t e n a n t à 3 v a r i é t é s d i f f é r e n t e s : "Nocellara etnae" "Moresca"
" O g l i a r o l a messinese".
Le vol des a d u l t e s a é t é c o n t r ô l é à l ' a i d e du gobe-mouches e t des pièges
chromotropiques j a u n e .
Dans toutes l e s c u l t u r e s d ' o l i v i e r s , le vol du Dacus se manifeste pendant toute l ' a n n é e .
L ' a t t a q u e a commencé f i n j u i n , lorsque l e s o l i v e s sont capables de r e c e v o i r l a ponte (pourcentage d ' h u i l e à 2%), l e s dégâts sont f a i b l e s en j u i l l e t août, en revanche, de septembre à début novembre, l ' a t t a q u e augmenta t r è s
rapidement lorsque l a teneur en h u i l e des o l i v e s e s t à 40% e n v i r o n . La d é t e r mination des teneurs en h u i l e des o l i v e s dans l e s v a r i é t é s é t u d i é e s , a permis
de d i r e qu'une r é c o l t e précoce e s t t r è s importante pour é v i t e r l e s nombreuses
a t t a q u e s d'automne par l a mouche e t pour o b t e n i r l a plus grande q u a n t i t é
d ' h u i l e â r e c u e i l l i r avec l e s m e i l l e u r e s c a r a c t é r i s t i q u e s o r g a n o l e p t i q u e s .
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L ' e x i s t e n c e d'une r e l a t i o n e n t r e l ' i n f e s t a t i o n e t l e s captures des a d u l t e s
de D. oleae par l e s pièges chromotropiques a é t é r e l e v é e pour l e s v a r i é t é s
"Moresca" e t " O g l i a r o l a messinese". L ' e x i s t e n c e d'une r e l a t i o n e n t r e l a tombée des drupes i n f e s t é e s e t l e pourcentage d ' i n f e s t a t i o n a é t é r e l e v é e dans
toutes les variétés étudiées.
La l u t t e chimique, généralement appliquée s e l o n l a méthode c u r a t i v e ,
permet d ' o b t e n i r des r é s u l t a t s s a t i s f a i s a n t s . La méthode p r é v e n t i v e même qui c o n s i s t e à m o u i l l e r p a r t i e l l e m e n t l e s f e u i l l a g e s des o l i v i e r s avec une
s o l u t i o n de p r o t i d e s d ' h y d r o l y s e empoisonnés - l o r s q u ' e l l e e s t appliquée
correctement, c ' e s t - à - d i r e en présence d'une i n f e s t a t i o n de 1-2% - permit
d ' o b t e n i r des r é s u l t a t s s a t i s f a i s a n t s .
1.INTRODUCTION
The olive growing in Sicily covers a surface of about 112.000 ha as main culti_
vation and 275.000 ha as mixed cultivation,with a total production of more than
2.000.000 q
( I S T A T , 1980), it is concentrated in the East part of the island and
has a notable economic importance. The improvement of the cultivation techniques
has maintained the productive levels notwithstanding the contraction of the cultivated
a r e a . The olives of the island cultivar of major diffusion a r e both for table use and
for oil.
The key phytophagous of the island is the olive fruit fly (Dacus oleae (Gmel.)),
that damages in variable entities the production depreciating it or rendering it no
commercial, peculiarly if used as table fruit. The control, when practiced, is essen
tially curative with generalized treatments based on organic phosphorous insecticides
Considering the importance of the problem, investigations on the population dynamics of D. oleae in relation to the characteristics of the production quantities,ha
ve been made in order to individualize the methodologies and the most favourable con
trol period.
2. MATERIALS AND METHODS
Studies have been conducted from 1977 to 1981 in different olive groves, on the
Ionic Coast at a variable altitude from toQ-80mabove sea level, considering t r e e s
belonging to three different varieties ("Ogliarola messinese", "Nocellara etnea"and
"Moresca" different for production utilization. In this paper the most significant r e
suits relative to some biotope: Acitrezza, Motta S . Anastasia, Paterno and T r a p p i tello, a r e reported.
During the five years observations period, the adult flights were followed for
the whole year for the cv "Moresca" and'Nocellara etnea", by means of Me Phail tra
ps with a biammonic phosphate solution (3%) and yellow cromotropic traps ("Rebell")
placed at the same time in the medium-high part of the canopy; readings were made
at weekly intervals; in female samples captured, ovaries were inspected. At the sa
me time observations on population dynamics, from June to December, on fruit sam
pies that were hanging or dropped of were carried on analysis were conducted on
D. oleae infestation, inolition and physical-chemical characteristics of the oil.
The infestation course was noted distinguishing all the pre-immaginal s t a g e s ,
sterile punctures, pupae,pupariums and abandoned g a l l e r i e s .
Considering the observations of the reported p a r a m e t r e s , sprays were carried
on comparing the efficaciousness of the preventive and curative methods.
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3. RESULTS
In all considered biotopes the presence of D. oleae adults during the whole year
was noted (see F i g . l , 2, 3). with a stasis during the April-May months, the most nu
merous captures were made in autumn, the lowest number in spring. The absence of
fruits on t r e e s does not consent D. oleae to have generations in spring, or these in
rest
only r a r e percentages of population.
During the period when olives are receptive to egglaying punctures, that coincides with an oil content percentage of 2%, the biammonic phosphate traps have noted the presence of the fly before the yellow cromotropic traps ( 1 , 6).
These last have noted for "Moresca" and "Ogliarola messinese", a direct rela
tion between captures and fruits infestation (8,9): ( F i g . 4 a ) .
In the traps the relation between sex is variable: generally the number of males captured is superior than females(3,5,7). The presence of females with ripe ova
r i e s was noted right from the month of June, a period when olives a r e receptive to
egg-laying punctures and can a s s u r e the larvae survival. The infestation begin at
the end of June with contained damage until July-August months,when the high tempe
r a t u r e s slow down population outbreak.
In varieties and biotopes where studies were carried on a direct correlation
between fruit drop and infestation percentage was noted (2, 8, 9)»(Fig. 4b). From
the month of September, with oil content percentages on the fatty substance of near
ly 40% infestation increases rapidly lasting until the presence of fruits on t r e e s per
mits this; during the months of November December, on no treated trees,80-100% is
reached on damaged fruits much of which have 2 or more preimaginal stages.
Such high infestation levels a r e reached as the natural enemies of D. oleae do
not succeed in an efficient biological control; infact among parasites,only Opius concolor was noted,that in autumn succeeds in parasiting from 0,5 to 5% of D. oleae lar
vae; in the same way the predator action of Iridomirmex humilis Mayer is insufficient (6).
Tested control methods showed that validity of the curative method, when pra c
ticed immediately is undoubtful and that efficaciousness of sprays,by means of poiso
ned proteic baits,may consent to obtain a satisfactory control of the infestation considering the following points: infestation 1-2% about and absence of heavy rain folio
wing sprays (A).
4. CONCLUSIVE CONSIDERATION
Captures effected by means of chemiotropic traps were higher than those of the
yellow cromotropic ones, the firsts have showed the presence of the fly in the olive
groves at the time when the olives begin to be receptive to egg punctures (inolition
about 2%).
For the "Moresca" and the "Ogliarola messinese" varieties we notice a direct
correlation between chromotropic traps captures and D. oleae infestation of the fru
its; while in all studied varieties a similar correlation was evidenced between D.
oleae infestation and fruit-drop.
In Sicily picking period for oil olives, that is traditionally during the months
of November-December, can be anticipated of about one month (within and not later
than October); infact from the inolition situation,compared to D. oleae infestation
evolution in the 3 studied cultivar, we have evidenced that an anticipation permits
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to avoid the mass autumn damages of the fly and to recuperate 8090% of the highest
amount of cropping oil. Regarding the quality of such oil, we notice that is c h a r a c t e 
rized by a low contents of acidity and number of peroxides;infact the hydrolysis pro
c e s s e s , although contained for the fruit under 1%, increase progressively together
with the autoxidation phenomens.
Considering the treatments problem necessarily based on chemical control, we
underlive the validity of quick sprays larvicides, that succeed in controlling the
D. oleae infestation allowing more time for the harvest period.

Acknowledgement
We thank Dr. P a r l a t i , of Experimental Institute for Olivegrowing  Spoleto
(ITALY), for analysis on oil content and on physicalchemical characteristics of
the oil.

REFERENCES
1. B ENFATTO, D. and LONGO, S . (1977). Studi preliminari sulla dinamica delle
popolazioni di Dacus oleae (Gmel.) (Diptera Tripetidae) nella Sicilia orientale.
Annali dell'Istituto Sperimentale per l'Olivicoltura. Vol.V 17920Λ.
2. B ENFATTO, D . , LONGO, S . and PARLATI M.V. (1982). Effetti sull'evoluzio
ne della sostanza grassa e quantità di olio raccoglibile. 3° Contributo, cv "Oglia
rola messinese" (In l i t t e r i s ) .
3 . DI MARTINO, E . , B ENFATTO, D. , B ARB AGALLO, S . and LONGO, S . (1978).
Osservazioni comparate sul potere attrattivo di alcuni tipi di trappole su Dacus
oleae (Gmel.). "Atti giornate fitopatologiche 1978" 261268.
4. LONGO, S . and B ENFATTO, D. (1980). Prove di lotta guidata contro il Dacus
oleae (Gmel.) con l'impiego di esche proteiche avvelenate, su olive per frutto
da mensa. "Atti giornate fitopatologiche 1980" 401Λ08.
5 . LONGO, S . and B ENFATTO, D. (1981). Osservazioni su catture di Dacus oleae
(Gmel.) con bottiglie trappola in rapporto all'esposizione nella chioma. "Infor
matore Fitopatologico" n. 12, Λ550.
6. LONGO, S . and B ENFATTO, D. (1981). Orientamenti per un sistema di lotta
guidata contro Dacus oleae (Gmel.). "Informatore Fitopatologico" n . 1  2 , 5 1  5 6 .
7. LONGO, S . and B ENFATTO D. (1982). Distribuzione su cartelle cromotropiche
delle catture di adulti di Dacus oleae (Gmel.). Frustula Entomologica Voi. IV
7781.
8. LONGO, S . , B ENFATTO, D. and PARLATI M.V. (1982). Effetti dell'infestazio
ne dacica sull'evoluzione della sostanza grassa e quantità di olio raccoglibile.
I o Contributo: cv "Nocellara etnea". Frustula Entomologica Voi. IV 10912Λ.
9. PARLATI, M.V., LONGO, S . and B ENFATTO, D. (1982). Effetti dell'infesta
zione dacica sull'evoluzione della sostanza grassa e quantità di olio raccoglibi
l e . 2° Contributo: cv "Moresca" (In l i t t e r i s ) .

615

J
1*77

TOMIAIMIJ

Il978

I J Ţ A Î S Î O I N I D I J I P I M I A I M I J IJ I A I S Í O I N I D I J T F T M I A I M I j | j l

1»7»

Ιΐ9β0

A ls

Ιΐ··1

Fig. 1  Trend of auerage number of adults captured of D.oleae, infestation percentage and oil content percentage.

bottl»trap

/ \

y*llowtrap

/X

CV 'MORESCA . I M i l l i S A n j l l i i i i  C T

40
20
0

j

A\

|J lAlsloI

/;

A

IJIJIAISIOI

)||

/

|

J 1

O IL C O N T E N T

X

IJIAISIOINI

INFCSTATIO Ν %
IJIJIAISIOIN
(t)dimathoatø
(t) poisoned

bottlatrap

bait

/ \

y a l l o w t r a p /v^>

*"¡Ml J Ì J Ì A Ì S 1 O Ì N 1 D | J Ì F I M T A Ì M [ J f J¡A1 S I ó IN I DÌ J IFTM | A ]M | J i l l Í A | s | o f t | D I
'ΐ9β0
'1961
I

Fig. 2  Trend of average number

of adults captured of D.oleae, infestation percentage and oil content percentage.

CV NOCELLARA

CV OGLIAROLA

ETNEA. I P i t t r i u '  C Τ )

OIL
c

CONTENT0/,

L
<

40

IJIJIAÌSIOINIDI

20
0
jlJIA'SIOI
40H

(I)

«i/.

IJIJUISIOI

(t)

j I JUISIQI

/

/ !

i

jljlAlslol

(t) (t)

^

Λ;

'ji J'A'S'O'N

(t) ít) it)

JTJTATSTo '

CI)

(et)

ijijUlsloi

I.

20

MESSINESEJTrawittlloME)]

I N F E S T AT I O Ν %

IjfjîîWo^TDr

(t) dimvthoat·
' j l j IAIS IOIN1

(e) poieoned bait

Ol
00

bottle trap Z_i.
yellow trap

/&

ϋ



JIFIMIAIMI JIJIAISIOINÍD!

ιββι

F i g , 3  Trend of average number of adults captured of D.oleae, infestation percentage and o i l content percentage.

CV ' N O C E L L A R A

E T N EA .
ι.2,17505
12

1:0,11112

<

IO

^

0
α
£ «
: 4

1 2
χ

Χ infestation

0
20

CV " C  G U A R D I A

CO

12

1=1,11113

12

1 = 0,07400

10

k. 0.10000

10

h = 0,!2500

a

, «SSSÏL

so

'I 2
Ι

ι

ι 

 ■

ι

r

00

20

X Infestation

*

0

■ ι

20

00

40

ι

ι

to

X infestation

to

' = 1,0412

1 ' 4.05105

30

t: 0,10125

i: 0,15750

25
20

,20

^

IS

!io.
 s.
So

10.
% infestation
20

Fig.Aa

100

 4

ϊ 4
3
α 2

M

00

1

0

» 0

00

MESSINESE,,

I
O)

40

40 '

00

00

C o r r e l a t i o n between i n f e s t a t i o n {%) and average captures

*
100

i.tfiili
% infestation

0
20

40

10

10

Fig.^b  Correlation between infestation [%) and fruit drop.

100

Recherche d'une date optimale pour la récolte des olives pendant
une année au taux d'infestation élevé du 'Dacus oleae'
G.FIORI, C.PUCCI & E.BALLATORI
Université de Perouse, Italy

Resume
Ce travail a pour but de définir durant une année à taux d'infestation élevé (1977) du Dacus oleae les bénéfices que pourrait tirer l'agriculteur par l'anticipation de la récolte.
On a considéré les 4 cultivar les plus représenté» dans 3
micro-milieux du Lac Trasimène. Les résultats montrent que,
durant une année au taux d'infestation élevé, il n'est pas
avantageux, du point de vue économique, d'effectuer les opérations de récolte au delà de la 2
décade de Novembre.
Summary
The principal factors influencing oil yield olive tree and
fruit-drop in the years of high Dacus oleae Gmel. infestation
have been examined using covariance analysis models.
The results have evidenced that in particular in the Trasimeno area it is never economocally convenient , in years of high
infestation, to carry out harvesting operations later than the
second decade of November.

Materials et Méthodes
Le but principal de ce travail est de fournir à l'agriculteur qui n'a pas eu le temps d'effectuer des traitements antiparasitaires ,lors d'une année de grande infestation de Dacus
oleae (Gmel.), un instrument décisionnel qui lui permette
d'évaluer la date la meilleure pour la récolte des olives de
façon à réaliser la plus grande production possible d'huile.
L'étude a été menée dans trois biotopes aux environs du Lac
Trasimène, Passignano, Tuoro , Bivio Castel Rigone , en considérant les quatre cultivars qui y étaient les plus représentées(Dolce Agogia, Moraiolo , Rosciola et Frantoio). Comme on
le sait déjà, la quantité d'huile produite à une certaine date dépend du rendement en matières grasses des drupes croissant avec le temps, et de la quantité d'olives restées sur
l'arbre, quantité decroissant avec le temps qui passe à cause
de la chute. Il s'agit alors de mettre en évidence la
période pendant laquelle on obtient une multiplication maximale entre le rendement en huile et la production de l'arbre.
CEC / IOBC Symposium /A thens / Nov. 1982
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Dans les figures 1,2,3,4 on a représenté pour chaque
cultivar et pour chacune des trois localités l'allure de la
quantité d'huile que l'on peut obtenir par les olives qai ; sont
sur l'arbre et de la quantité d'huile perdue car la chute du
24 X au 4ΧΠ1977.
Le premier pas vers la formulation dudit schéma décision
nel réside dans la construction d'un modèle théorique en mesu
re de prévoir soit le rendement en huile , soit la chute , pour
chaque semaine de novembre, à une période où chaque traitement
antiparasitaire
serait vain pour la phase avancée d'infe
station des olives et l'approche de la récolte (dans la zone
oléicole du Lac Trasimène environ pendant la quinzaine qui va
du 10 au 25 Octobre). Successivement, en soustrayant chaque
fois à la production de l'arbre évaluée au moment où l'on ef
fectue les prévisions, la quantité de chute estimée par semai_
ne, on obtient une estimation de la production de l'arbre,
pour chaque semaine jusqu'à la fin de novembre.
La multiplication dans la production ainsi prévue pour
le rendement en huile évalué d'après un modèle approprié,
permet d'estimer la production en huile aux différentes dates
de novembre, et donc de déterminer la date de la récolte qui
correspond à la valeur maximum de pareille quantité prévue.
Comme plusieurs auteurs (12) l'ont montré, soit le rendement
en huile , soit la chute dépendent de nombreux facteurs , parmi
lesquels surtout, le lieu, le cultivar, la production et 1 ' in_
testation.
Séparément , pour le rendement en huile et pour la chute ,
à chacune de ces dates: 31/X , 7, 1 4 , 21, et 28/XI, on a ef
fectué des analyses de la covariance en prenant comme fa
cteurs le lieu et le cultivar, et comme covariables la produ
ction de l'arbre et 1'infestation du troisième type, INF
(pupes, cocons vides, galeries abandonnées et moisies ( a ) ,
relevées aux dates où l'on fait les prévisions: 10,17 et 24/X.
On rappelle que :
a) des dates antérieures auraient encore permis des traite
ments antiparasitaires efficaces;
b) des dates postérieures n'auraient pas permis une organisa
tion efficace des opérations de récolte des olives en
temps utile extrême. · Au contraire, les dates extrêmes de
la période pour laquelle on fait les prévisions ont été choi
sies, la première (31/X) parcequ'avant cette date, dans les
oliveraies du Trasimène la substance grasse est si modeste

(a) On a considéré 1'infestation du type 3 plutôt que celle
du type 1 (oeufs et larves du 1er âge) et du type 2 (lar
ves du 2e et du 3e âge) vu qu'on a prouvé que sa variabi
lité explique mieux les variations des deux variables
dépendantes, la chute et le rendement en huile.
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qu'on déconseille la récolte,la deuxième (28/XI) parceque
dans le milieu oléicole du Trasimène, déjà depuis la deuxiè
me moitié de novembre et aussi en condition de fruit sain, la
coulure est assez élevée, et en décembre la quantité d'olives
que l'on peut récolter décroît très rapidement avec le temps.

2. Les Modèles de prévision
D'après les modèles d'analyse de la covariance , établis
séparément pour le rendement d'huile et pour la chute, on a
déduit les estimations des carrés minimum de la moyenne géné
rale, des niveaux des facteurs lieu et cultivar et des coef
ficients angulaires relatifs à l'interaction production χ
cultivar et à l'interaction INF χ cultivar.
3
Les modèles de prévision ainsi construits ont été vérifiés
sur des données relatives à des oliveraies différentes de cel
les prises en considération par les analyses exposées dans ce
travail. On a noté que la discordance entre les données empi
riques et les données théoriques était de faible importance
et donc les modèles théoriques décrits peuvent être considé
rés comme sûrs à des fins prévisionnelles.
3. Choix de la meilleure date pour la récolte des olives
On aboutit à la formulation d'un schéma décisionnel orien
té vers le choix de la date de la récolte des olives pendant
laquelle la quantité d'huile productible est maximum, par
rapport à une ample gamme de situations différentes ,chacune
d'elles étant définie par une combinaison de modalités des
facteurs suivants: date de prévision, lieu, cultivar, produc
tion, infestation.
D'après les coefficients déduits des modèles d'analyse
des covariances , pour chaque combinaison des modalités des
cinq facteurs exposée cidessus, on a estimé:
 le rendement en huile à une cadence hebdomadaire , du 31/X
au 28/XI;
 la quantité de chute, par semaine du 1017/X au 2128/XI.
La quantité théorique de la chute, ainsi estimée, a été
soustraite chaque semaine à la production supposée, évaluée
à la date de prévision, obtenant ainsi la production théori
que de l'arbre à chacune des
dates 31/X, 7, 1 4 , 21, et
28/XI.
Chacune de ces productions multipliée par le rendement en
huile, estimé comme on l'a décrit cidessus, a donné l'esti
mation de la quantité d'huile productible aux mêmes dates, pai
lieu, par cultivar, pour chaque niveau de production et pour
chaque intensité d'infestation. Les résultats obtenus pour
chaque cultivar sont brièvement exposés cidessous:
Dolce Agogía. Il vaut mieux effectuer la récolte à la fin du
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mois d'octobre et au tout début novembre quels que soient les
niveaux de production et d'infestation. Ce n'est que si l'in
festation n'est P a s trop élevée au 24/X que la récolte peut être
effectuée avant la minovembre; mais dans ce cas avancer la
date aux premiers jours du mois ne provoque aucun dommage
considérable.
Moraiolo. Il est nécessaire de faire la récolte à la fin du
mois d'octobre ou au début novembre. Si le 24/X
1'infestation n'est pas trop élevée (moins de 30% de drupes
infestées par pupes , cocons vides et galeries) et si la pro
duction moyenne est élevée (25 kg) il vaut mieux effectuer
la récolte vers la minovembre.
Rpsciola. La meilleure date pour la récolte est en général
début novembre. Uniquement en cas de production élevée il
vaut mieux déplacer cette date aux environs du 20 du même
mois .
Frantoio. Il faut toujours mieux faire la récolte à la fin du
mois d'octobre ou au tout début novembre. Si 1 ' infestation ne
dépasse pas 30%, on peut même attendre une semaine encore.
M·. Conclusions
Dans la zone du Trasimène il n'est jamais économiquement
avantageux, en cas d'année à infestation élevée, d'effectuer
les opérations de récolte audelà de la deuxième décade de
novembre, sous peine de graves pertes en quantité d'huile
produit.
L'étroite dépendance entre le choix de la meilleure date
de récolte et le lieu et 1 e cultivar font qu'évidemment les
résultats obtenus dans ce travail ne peuvent pas être éten
dus ni à d'autres zones oléicoles, ni à des cultivars diffé
rents de ceux considérés ici.
Mais nous sommes convaincus que la méthodologie exposée
cidessus peut être appliquée à n'importe quelle zone oléico
le, en introduisant dans les modèles les modifications di
ctées par les particularités de ces zones.
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Rapport sur les activités réalisées dans la lutte contre Dacus oleae
(Gmel.) par le 'Servicio de defensa contra plagas e inspección
fitopatologica' du Ministère de l'Agriculture d'Espagne (SDPIF)
M.CIVANTOS
Servicio de Defensa contra Plagas e Inspección Fitopatologica, Jaén, Spain

Resume
Dans ce rapport, nous indiquons les activités que le Service de Defensa
contra Plagas e Inspección Fitopatologica du Ministère de l'Agriculture d'Espagne réalise dans la lutte contre le Dacus oleae (Gmel) et que
nous résumons ci-dessous.
a) Plan national Mouche de l'olive (Dacus oleae) qui a lieu dans différentes régions oléicoles espagnoles et dont le but est la meilleure
connaissance de la biologie de l'espèce en relation avec l'environnement où elle se développe.
b) Campagne nationale Mouche de l'olive où, en accord avec les connaissances actuelles sur le phytophage sont mis au point des traitements
massifs aériens contrôlés et dirigés sur des zones extensives de la
superficie espagnole.
c) Le parasite endophage "Opius concolor" est lâché d'une façon contrôlée pour atténuer l'intensité de l'attaque du Dacus oleae.

1. INTRODUCTION
Dacus oleae a une grande incidence sur la production oléicole espagnole,
sur laquelle elle occasionne des graves dégâts, en produisant une chute précoce des fruits et une perte de poids bien qu'elle développe un processus
biologique qui se traduit par une augmentation de l'acidité des huiles élaborées avec des fruits véreux. Pour cette raison, le SDPIF a prêté à ce problème une attention maximale et, en ce moment, on réalise des études dirigées afin de connaître le comportement biologique de Dacus dans les différents biotopes de la vaste géographie oléicole d'Espagne. On étudie également la dynamique des populations de l'espèce et on met au point des techniques de contrôle de l'insecte en vue de la lutte intégrée, pour les introduire dans les traitements collectifs qui sont réalisés dans presque toutes
les régions oléicoles espagnoles.
Pour satisfaire ce but, on développe les activités suivantes.
2. LE PLAN NATIONAL MOUCHE DE L'OLIVE
Cette étude a commencé en 1979 et a pour principal objet d'unir des efforts personnels et des moyens matériels pour pouvoir entreprendre à efficacité maximum et délai minime une action généralisée dans toutes les régions
oléicoles en accord avec les connaissances actuelles sur le phytophage en
utilisant les techniques les plus appropriées pour son étude et son contrôle.
Dans la première année d'actuation, on a réalisé un important travail
de recueil bibliographique et on a établi la communication avec quelques-uns
des chercheurs les plus qualifiés sur ce ravageur. On a aussi mis au point
des techniques de captures d'adultes avec différentes classes de pièges
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chromotropiques qui sont comparés avec ceux de la classe McPhail habituellement utilisée.
Par ailleurs, on a étudié le rapport entre l'infestation sur les fruits
et la population de femelles avec oeufs, et la sex-ratio.
D'autre part, nous avons vérifié la distribution géographique du ravageur, compte tenu notamment de l'altitude et de la climatologie des différents biotopes des zones oléicoles les plus importantes. Nous avons comparé
la situation actuelle avec la précédente. On a constaté l'accroissement de
la population dans les régions oléicoles sans influence maritime et dans
les variétés d'huile. Cela s'explique, d'abord, par la plus grande quantité
d'olives tombées qui restent sans être ramassées et qui permettent à la
larve de se réfugier dans le sol pour y effectuer la nymphose. En deuxième
lieu, l'emploi d'herbicides au pids de l'olivier pour faciliter la récolte
permet à la nymphe enterrée de compléter son cycle sans être détruite par le
labour du terrain. Il y a aussi peut-être d'autres facteurs propres à la régulation de l'espèce.
Suite à cette première année de travaux et aux résultats présentés à
la deuxième réunion du sous-réseau FAO sur la protection de l'olivier, en
particulier par des collègues italiens, on a mis au point un nouveau Plan
national Mouche de l'olive, qui se réalise maintenant avec des activités
très précises et qui est abordé dans une autre communication présentée à ce
symposium.
3. CAMPAGNE NATIONALE CONTRE LA MOUCHE DE L'OLIVE
En même temps que ces travaux pour contrôler la population de Dacus
oleae, nous avons réalisé des traitements collectifs afin de baisser les
dégâts produit par ce ravageur.
Les traitements sont planifiés par le S.D.P.I.F. en collaboration avec
les Services régionaux de Protection des végétaux, qio sont responsables de
la mise en oeuvre. En ce moment, ces traitements consistent en des pulvérisations aériennes à couverture de bandes de 25 m de large, séparées de 75 m,
avec un insecticide systématique et un hydrolysat de protéine. Les critères
suivis par les Services régionaux pour effectuer les applications, selon
l'état des connaissances de l'écologie de l'espèce et de son évolution sont
les suivants :
- Pour la génération d'été, la première pulvérisation doit être réalisée
quand on observe les premiers fruits avec ponte viable. Nous notons ce dernier aspect parce qu'en Espagne, on trouve plus souvent les olives avec ponte non-viable quand les températures sont élevées et l'humidité basse.
Précédemment, le critère utilisé était la présence d'une mouche par
gobe—mouches par jour, mais nous avons changé parce que le nouveau système
permet un nombre moindre d'application et donc un abaissement du coût, même
si une meilleure protection de l'entomofaune de la zone est assez efficace
à cette époque.
Le traitement effectué au moment où il y a une ponte viable maintient
l'olivette sans dégâts pendant l'été. Il faut répéter l'application si on
rencontre des olives avec ponte viable dans les échantillons hebdomadaires.
Un traitement initial bien réalisé évite généralement cette situation.
A la fin de l'été et au commencement de l'automne se produit généralement une augmentation de l'index d'attaque à cause de la population rémanente ou des migrations locales à partir des zones proches non traitées. Nous
recommandons de faire des traitements chaque fois que, dans la prise d'échantillons, le pourcentage des olives avec des larves vivantes est d'environ 2%. Il faut répéter le traitement quand cet index est dépassé.
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Dans le tableau suivant nous montrons les résultats comparatifs des
échantillons pris dans la zone témoin et dans la zone traitée dans la province de Jaén.
Infestation
Infestation
Moment pour traiter
Date
Zone
dans le tédans la zone
moin (%)
traitée (%)
16.08.82
23.08.82

Los Villares

0
0

0
0

01.09.82
09.09.82
17.0Q.82
22.09.82
30.09.82
07.10.82
27.10.82

8,18
7,55
9,56
11,94
14,33
22,31
44,40

0
0
0
0,52
0,,67
0,,82
1,92

04.11.82

45,50

0,10

1ère piqûre
traitement

Nous pouvons observer que jusqu'à ce moment, on a réalisé seulement
deux applications pour contrôler l'attaque de Dacus. Il est possible qu'un
autre traitement soit nécessaire avant la récolte.
Pour généraliser, nous disons qu'il faut quatre traitements dans les
régions oléicoles de l'intérieur de l'Espagne, tandis que pour les régions
littorales, il en faut six.
Nous pourrons mieux préciser le moment de chaque traitement, quand aura
mis au point les modèles mathématiques simples pour la prévision de risque.
Ceci est l'objectif fondamental du Plan national Mouche de l'olive que nous
avons déjà expliqué.
4. RECHERCHE SUR LA LUTTE BIOLOGIQUE CONTRE DACUS PAR L'EMPLOI D'OPIUS
C0NC0L0R (Szepl.)
Ces travaux sont développés actuellement, par le SDPIF en étroite collaboration avec l'INIA. Les activités réalisées sont les suivantes :
a) Mise au point des techniques d'élevage artificiel d'un Opius.
b) Détermination de la densité de lâcher nécessaire pour le meilleur contrôle du ravageur.
c) Connaissance de l'activité parasitaire d'Opius concolor dans les lâchers
périodiques en été et en automne.
d) Etudes biologiques sur Opius concolor.
Les travaux concernant le point (a) sont réalisées par l'unité de Lutte
biologique de l'INIA. Nous indiquons que des techniques données sont mises
au point pour la production massive et à bas coût de Ceratitis capitata,
hôte utilisé dans la multiplication artificielle du braconide Opius concolor.
Des index de transformation supérieurs à 50% ont été obtenus.
Sur le point (b), nous pouvons dire que, dans le biotope où les recherches sont faites depuis 3 ans, des densités moyennes de lâcher du parasite
entre 600 et 800 Opius par arbre (ce qui suppose entre 300 et 400 femelles
par arbre) produisent des taux de parasitisme de 50% sur la fraction de
larves dont la nymphose a lieu dans le fruit. Cela arrive lorsque la population des pupes du phytophage est de 1%. Ces valeurs de paratisme sont enregistrées durant les trois semaines de lâcher du mois d'octobre. Si nous
avançons la date du lâcher au mois de septembre avec des densités de 250
Opius par arbre, alors nous enregistrons un taux de parasitisme plus élevée
que 50%. Mais si les densités sont de 150 Opius par arbre, le taux n'est que
de 30%.
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En ce qui concerne le point c) nous avons obtenus les résultats suivants.
En 1980, avec des lâchers périodiques pendant les mois d'août, septembre et
octobre et des densités de lâchers accumulées de 800 Opius par arbre, nous
avons obtenu un parasitisme de 80 â 90%. Ce taux est établi sur la fraction
des larves qui font des pupes dans les fruits. En 1981, le parasitisme a été
inférieur, compris entre 65 et 85%. Les échantillons pris à 1 000 m du point
de lâcher donnent un parasitisme de 25%.
Sur le paragraphe d) nous pouvons indiquer que les conditions climatologiques d'Espagne sont néfastes à l'évolution du parasite et causent une
grande mortalité dans les états pré-imaginaux, principalement aux phases
oeuf et larve et augmentent sa résistance à l'état de nymphe.
Malgré les indications qui précèdent il est confirmé qu'Opius hiverne
dans toutes les zones du lâcher. Nous remarquons que dans la province de
Granada, avec un climar froid, on a capturé des adultes d'Opius dans des
pièges chromatiques et aussi dans des échantillons d'olives véreuses, 3 ans
après le dernier lâcher. Comme conclusion de tout ce paragraphe, nous indiquons ce qui suit :
- Le parasite Opius concolor peut être utilisé pour des générations d'été de
Dacus oleae. On doit lâcher au début des premiers stades larvaires du phytophage .
- Dans la pratique, il faut séparer les zones traitées avec Opius, afin
d'éviter la rentrée de Dacus en provenance des zones limitrophes.
- Le nombre d'Opius doit être de 400 insectes par arbre au minimum.
Outre les travaux recensés parce qu'ils sont les plus représentatifs de
ceux que réalise le SDPIF, d'autres ont débuté, telles que des études dirigées sur la mise au point de technique de confusion, en collaboration avec
le département de Biochimie de l'Université de Southampton (Angleterre) et
la station de Recherche du Zaidin (Espagne).
D'autre part, nous réalisons un travail sur l'incidence de Dacus sur le
développement du biocomplexe parasitaire qui produit un accroissement de
l'acidité des huiles.
Nous espérons pouvoir présenter prochainement des résultats sur ces travaux qui, d'un point de vue pratique, sont d'intérêt pour la meilleure connaissance du parasite ce qui aera sans doute au bénéfice de l'olivier.
REFERENCES
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Ecology and approach to integrated control ofDacus frontalis
on the Cape Verde Islands
R.J.STEFFENS
Institute for Phytopathology & Applied Zoology, University of dessen, FR Germany

Summary
The ecology of the pumpkin fly Dacus frontalis (Becker)
was investigated in order to provide the information
needed for an integrated control programme including
genetic measures against this key insect pest of the Cape
Verde Islands. D^ frontalis breeds exclusively in fruits
of Cucurbitaceae. Adults are mostly found on rest plants
such as citrus or maize. Females visit hosts for oviposition only in the late afternoon. The edges of host fields
are preferred to the central parts. Abundance peaks during the first months after the rains. During the rainy
season itself it is at its minimum. It is proposed to
apply insecticides only in the late afternoon and to treat
the field edges only. Groups of rest plants may be used
as trap plants and be treated with bait spray.
Résumé
L'écologie de l a mouches des courges Paons f r o n t a l i s a été étudiée pour
obtenir des informations n é c e s s a i r e s pour un programme de l u t t e i n t é gré, contenant des mesures génétiques contre cet important ravageur des
I l e s du Cap-Vert. D. f r o n t a l i s se m u l t i p l i e seulement sur l e s Cucurbit a c é e s . On rencontre souvent l e s i n s e c t e s adultes sur des bStes secondaires comme l e c i t r u s et l e maie. Pour l ' o v i p o s i t i o n , l e s femelles
fréquentent l a plante h8te seulement tard dans l ' a p r è s - m i d i . Le bord
des champs des plantes hôte e s t attaqué beaucoup plus souvent que l e
c e n t r e . La population a t t e i n t son point culminant aux premiers mois
après l e e p l u i e s . Pendant l a saison des p l u i e s , e l l e r e j o i n t son
minimum. On propose d'appliquer l e s i n s e c t i c i d e s seulement tard dans
l'après-midi e t de t r a i t e r seulement l e bord des champs. Ses groupes
d'hStes secondaires peuvent 8tre u t i l i s é e comme plante-piège et peuvent
fitre t r a i t é s avec des pulvérisations-appât.

1 . INTRODUCTION
Due t o t h e g e o g r a p h i c a l s i t u a t i o n a t t h e b o r d e r of t h e
S a h e l Zone t h e p r i n c i p a l problem of t h e Cape Verde I s l a n d s i s
l a c k of w a t e r . The p o o r and i n some y e a r s a l m o s t c o m p l e t e l y
missing r a i n s are often very badly d i s t r i b u t e d . Therefore
CEC / IOBC Symposium / Athens / Nov.1982

632

yield is only guaranteed in irrigated fields covering in total
an area of only 2000 ha. Among the irrigated crops cucurbits
are the most important vegetables for the nutrition of the
Capverdian people. Without control measures the pumpkin fly
D. frontalis can cause yield losses of up to 100$ in these
crops. Hence, this fruit-fly is considered to be one of the
most serious insect pests of the archipelago (1). Very little
was known about the ecology (2) and control (3) of this
species.
In the present paper some important aspects of the ecology of the pumpkin fly are described. They were investigated
in order to provide the information needed for an integrated
control programme including genetic measures against this pest.
2. RESULTS
2.1. Host range
All cultivated cucurbits are attacked by D. frontalis.
The most important species are Cucurbita pepo,~C"itrullus lanatus, Cucumis melo and Cucumis satiyus. Three species of wild
Cucurbitaceae are frequent. Citrullus colocynthis, growing
only on sandy soils in the litoral zone, is the most attractive and important alternative host plant. More frequent but
far less attractive for oviposition is Cucumis anguaria.
Momordica charantia has never been found infested by D. frontalis. A"side from Cucurbitaceae no further host plants were
identified.
2.2. Oviposition pattern and impact on control
In a pumpkin field 20 highly attractive young fruits were
marked and observed during the entire photoperiod of the next
day. Every 30 minutes the number of Dacus females present was
counted and temperature and relative light intensity (using
the photometer of a camera) were recorded. Results of a representative summer day are displayed in Fig. 1a.
During the entire morning no pumpkin flies were found on
the fruits. At this time the flowers are open and pollinators
which are indispensable for a good yield are present. They are
active until noon when flowers already close and fade. Only
with the beginning of the second half of the afternoon (3 p.m.)
the first females were found sitting on marked fruits and ovipositing. The number increased rapidly and peaked around 5 p.m.
Just with the sunset at 7 p.m. the last female left the host
field. A comparison of three summer days shows that ovipostion
begins the later the higher the temperature rises (Fig. 1b).
It seems to be triggered by the start of the afternoon's temperature and/or light intensity decline. Evidently the end of
oviposition activity is determined by the end of the photoperiod. In winter when sunset takes place about one hour earlier than in summer the activity period is shifted according
to the changed photoperiod (Fig. 1c).
According to the working hours of the employees of the
state farms spraying of insecticides (mostly dimethoate) takes
place in the cool morning hours. At this time adult pumpkin
flies are not present but instead the pollinators are hit directly by the insecticide. As a consequence losses of up to
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Fig. 1 - Diurnal oviposition patterns of Dacus frontalis - (a) Oviposition activity on a representative summer
day; (b) Influence of temperature and light intensity on beginning and end of the oviposition period;
(c) Oviposition activity on a summer- (
) and a winter day (
)

60$ of normal yield proven to be due to the lack of pollinisation occurred. A switch of the application to the late afternoon might save the pollinators and in addition to the systemic effects on feeding larvae cause mortality in the adults
of the pest being present at this time. As only females visit
the plantations this should have an influence on sex ratio.
In fact the ratio of females : males captured in Mc Phail
traps baited with di ammonium hydrogen phosphate decreased
from 2.5 : 1 to 1.5 : 1 after changing spraying to the late afternoon. Parallel losses due to the lack of pollinisation gradually decreased.
The edges are always more heavily infested than the centers of large plantations. Only 5 metres from the very edge
the number of ovipositing females per fruit decreased to about
one tenth. Hence, it might be ¿justified in large plantations
to recommend edge spraying only. As pumpkin plants set much
more young fruits than they produce to maturity a loss of a
tenth of young fruits will not negatively affect yield.
2.3. Rest plants as trap plants
D. frontalis is mostly found on rest plants which are not
host pTants. They strongly prefer Citrus spp., Zea mays and
Caj anus cajan. Sometimes hundreds of males can be seen on the
flower heads of Helianthus annuus feeding on pollen.
During the morning sex ratio on rest plants is similar
to that of the flies caught in Mc Phail traps. In the afternoon it changes in favour of males indicating that there is a
movement of sexually mature and fertilized females to host
plants where they oviposit. At this time mating takes place
on rest plants. At dusk when the females return from ovipositing sex ratio approaches that of the morning hours again. However, these observations need further quantification.
I would propose to seed along with the preparation of a
new cucurbit plantation a mixture of Z^ mays, C. cajan and
H. annuus in small areas at the edges of the field. These
pTants could function as trap plants when treated with bait
spray and the number of adult pumpkin flies could already be
reduced before reaching sexual maturity.
2.4·. Population dynamics
For studying the population dynamics a relatively isolated valley was selected where the population was not influenced
by chemical control measures and availability of hosts was
determined by the season dependent availability of water for
irrigation. Mc Phail traps baited with 3$ d-i ammonium hydrogen
phosphate were placed in favoured host- and rest plants and
exchanged and examined weekly. Flies per week and trap was
chosen as the unit for relative abundance and the average of
two weeks was taken to display the quantitative observations
of the annual population dynamics in Fig. 2. Additional qualitative information is available to fill the gaps in 1980.
Abundance was high until the quantitatively observed decline
at the beginning of the rains. The population did not recover
until the end of the rains in January 1981. This matches with
reports of experienced farmers that D. frontalis is a serious
problem during the dry season but of-Tittle importance during
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the rains.
For a deductive approach to the annual population dynamics
a year may be divided in three periods during which different
sets of factors are affecting the Dacus population.
The rainy season: Heavy rains certainly cause direct mortality and reduce the adult population. Overflooding of host
fields increases pupal mortality. Many young fruits get rotten
and therefore are no longer attractive for oviposition. Larvae
in young fruits already infested die as they cannot feed on
completely rotten plant tissues. Due to an extremely high turgor fruits often burst open at the oviposition punctures. Thus
the eggs are exposed and dry up. This phenomenon could be
called an induced resistance due to an oversensitivity reaction. The amount of hosts available is small because most hosts
are planted and wild host plants germinate after the first
rains and are not yet productive. So with high mortality in
all stages of the fly and low numbers of suitable hosts during
the rains abundance is expected to be low.
The first months of the dry season: At the beginning of
the dry season moisture and temperature in the soil are in a
favourable range for the pupae, fruit rot becomes rare, and
the turgor in fruits decreases. Cultivated and wild hosts produce a large amount of fruits. As population density is low and
all factors seem to be favourable a rapid increase in abundance
has to be expected.
The second part of the dry season: This part of the year
is characterized by a chronical lack of water. Temperatures in
dry and unshaded soil can surpass 40 C causing high mortality
in pupae. Cultivated and wild hosts have passed their most
productive period and are now drying up. High abundance of the
pest and a decreasing quantity of hosts, however, do not lead
to competition among females for oviposition sites. Five or
more can be observed ovipositing at the same time on a small
fruit without any aggressiveness among them. Also, no marking
pheromone seems to exist in order to deter other females from
ovipositing into the same fruit. On the contrary, females even
prefer areas with preexisting oviposition punctures for laying
eggs. This often leads to an overcrowding causing strong intraspecific competition among larvae in these fruits and population density should decrease towards the end of the dry period.
The good fit of quantitative and qualitative information
and the theoretically expected pattern ¿justifies to give an
estimation of the typical annual population dynamics (Fig. 2)
despite the relatively short period of observations.
3. CONCLUSIONS AND DISCUSSION
Effectiveness of chemical control can be increased by
spraying in the late afternoon and by treating trap plants
with bait spray. Spraying of the edges of large plantations
may give sufficient protection to prevent losses. Wild host
plants should be uprooted whenever possible in order to remove
an uncontrolled refugium for the pest. Low density with high
adult mortality in the rainy season, a sharp increase of abundance at the beginning of the dry season and strong intraspecific competition during the second part of the dry season
must be kept in mind when planning genetic measures for the
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relative
abundance

Fig. 2

Population dynamics of Dacus frontalis
quantitative observations,
estimated average
population dynamics,
20 years average of rainfalls

control of D^ frontalis on the Cape Verde Islands.
Similar observations as described above have been made in
studies of the ecology of Dacus Cucurbitae (4,5). However, the
oviposition pattern is not the same. In Pakistan (5) oviposition activity was found to be highest at 11 a.m. and in Hawaii
(4) two activity peaks were recorded, namely one in the morning and one in the afternoon. During the rest of the day the
flies were found mostly in adjacent vegetation. In both papers
it was concluded that spraying of the vegetation surrounding
host fields might give more effective control than treating
the host itself. This was proven to be true in an experiment
carried out in Hawaii applying a fine DDT mist (4). Of course,
spraying of DDT should no longer be recommended for ecological
reasons, but also the application of bait sprays with less
persistant compounds to a broad belt of the vegetation surrounding host fields may be questioned because of its possible
environmental impact. Bait spraying of only small areas at the
edges of host fields where selected and highly attractive rest
plants are intentionally provided to the pest would drastically reduce the treated area and the amount of insecticides
needed but might not reduce the effectiveness of this facette
of integrated control measures.
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