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TO OUR READERS

The 2nd TEAM meeting is just around the corner and we are all looking 
forward to meeting fruit fly workers of Europe, Africa and the Middle East as 
well as many from other areas of the globe who have already registered to 
participate. In our meeting we are particularly excited to host three 
exceptional invited speakers: Dr. Martin Aluja and Dr. James R. Carey, who 
will address issues regarding fruit fly invasion biology, and Dr. Moissis 
Milonas who will address general concepts on arthropod ecology. The 
abstracts of all papers that will be presented in our meeting have already 
been posted online just after abstract submission. The detailed program of 
the meeting will be available by the end of May 2012. 

There are several events that we are planning during the meeting. Among 
others we plan a forum discussion on hot topics in fruit fly invasion biology, 
and a student’s competition for the best paper presentation. Also, in a special 
ceremony the TEAM award will be conferred to two of the most prominent 
fruit fly workers for their contribution to the research and management of 
fruit flies. We are pleased to announce that the recipients of the TEAM award 
are Dr. Aris Economopoulos and Dr. Brian Barnes. In his long career Aris 
served fruit flies of Economic Importance and Entomology from several 
different positions and achieved countless academic accomplishments. He is 
the founder of the International Fruit Fly Symposia and at the heart of fruit fly 
activities for decades. Brian has also completed his career having a 
remarkably long and successful involvement in fruit fly management in South 
Africa. He has been actively involved in several activities of the international 
fruit fly community serving as chair of the steering committee of International 
Fruit Fly Symposia for several years. They both supported TEAM from the 
early beginning being among the founding members of our group. You can 
read more about Aris’s and Brian’ s achievements in the current Newsletter. 

The fruit fly community was deeply saddened by the losses of Dr. Donald 
(Don) Linguist and Mr. Robert (Bob) Heath who passed away in August and 
December 2011 respectively. Don Lindquist dedicated his professional life to 
the development and implementation of more efficient and sustainable 
insect pest management approaches at the United States Department of 
Agriculture (USDA) and the Joint FAO/IAEA Division of Nuclear Techniques in 
Food and Agriculture in Vienna. Bob Heath served as research 
leader/supervisory research chemist as well as location coordinator at the 
Subtropical Horticultural Research Station, Miami, FL, the Medical, 
Agricultural, and Veterinary Entomology in Gainesville, Florida.  
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On behalf of the steering committee of TEAM I would like to express our sincere condolences to their 
families.  

There is an important topic covered in the invited paper of the current issue. This is a thorough review on 
the genetic improvements to sterile male for managing fruit fly populations. Luke Alphey and his colleagues 
present and discuss in an elegant way all tactics of the Sterile Insect Technique with special emphasis on the 
Genetic Methods for Sterilization. The widely applied “sterility via radiation” and “lethality transmitted 
through obligate intracellular microbes such as Wolbachia” consist the first part of their analysis, while 
“germ line nucleases” and “repressible lethal genetic systems” provide alternative ways to induce sterility 
using modern genetics. In fact the group of Luke is intensively working on the repressive lethal genetic 
system (RIDL), in which males are homozygous for a dominant lethal gene while females can be easily 
eliminated by removing tetracycline (switches off the lethal effect) from the cohorts intended for male only 
releases. RIDL strains that have been developed for the Mediterranean fruit fly, the olive fly, and the 
Mexican fruit fly seem to perform well in large cage mating trials. Although releases of transgenic insects in 
the wild are still controversial and no engineered strains of tephritids have been tested in the open field, 
there are still recent field tests for other insect species with encouraging results. 

In the current issue we also highlight the PhD thesis of Alexandros Diamantidis entitled “Bioecology and 
behaviour of different Ceratitis capitata (Diptera: Tephritidae) populations”. The thesis has been conducted 
in the University of Thessaly, Greece.
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GENETIC IMPROVEMENTS TO STERILE – 
MALE CONTROL OF TEPHRITID FRUIT FLIES

The Sterile Insect Technique (SIT) is a biological pest control 
method that has proven highly effective against tephritid fruit 
flies, especially the Mediterranean fruit fly (Ceratitis capitata 
Wiedemann, Medfly) (Dyck et al., 2005). Under traditional 
biological control, pest population suppression is achieved 
through the release of predators, parasitoids or pathogens of 
the pest insect. In contrast, in SIT it is the pest insect itself 
that is released, following its modification to a sterile form 
that is capable of effecting pest population suppression 
through matings with wild individuals. The insects are 
typically sterilised by irradiation though other methods have 
been used. SIT shares some features with classical biological 
control methods in the sense that the control agent will 
actively seek out the pest, but with SIT the agent is highly 
selective for the target species as the sterile insects will 
normally mate only with their own species. This specificity 
combined with the lack of the need to apply toxic chemicals 
gives sterile-insect methods exceptionally benign 
environmental characteristics.

Though it has been used successfully against a range of pest 
insects for many years, SIT could potentially be improved in a 
number of ways, and indeed many incremental changes have 
been introduced over the years. Such improvements tend to 
allow wider use and enhanced crop protection from this 
environmentally-friendly pest control method, and are 
therefore desirable from the perspective of governments, 
farmers and consumers. In this article we focus on the 
potential for improvements through the use of modern 
genetics, an area in which we have been actively engaged for 
some years.

Sterility via irradiation
Despite its long use, radiation is not an ideal sterilisation 
method. Radiation acts by inducing lethal genetic mutations 
in the sperm of irradiated males (and, where relevant, in the 
eggs of females; release of females is discussed further 
below). Fertilisation of an egg by an irradiated sperm 
produces a zygote with dominant lethal mutations – 
contributed from the sperm – which lead to death of any 
resulting zygote. However, irradiation does not specifically 
affect sperm, rather it affects all dividing cells of the irradiated 
insect, and also commensal microbes within the insect, such 
as those in residing in the gut (Ami et al., 2010; Behar et al., 
2008; Vera et al., 2003; Lance et al., 2000). Consequently, the 
radiation dose used is a trade-off between the degree of 
sterilisation and the damage to the insect, each of which 
increases with dose (Lance et al., 2000; FAO/IAEA/USDA, 

2003; Taylor et al., 2011; Lux et al., 2002; Economopoulos & 
Mavrikakis, 2002; McInnis et al., 2002; Calcagno et al., 2002). 
Residual fertility rates of several percent are typical, though 
higher doses and consequently weaker but more completely 
sterile flies may be required for preventative programmes in 
areas where the pest is considered to be absent.
 
An ideal sterilisation system would therefore produce a 
heritable lethal effect transmitted through sperm without 
adversely affecting the performance of the sterile fly. Several 
such systems have been proposed (Alphey et al., 2008; 
Catteruccia et al., 2009), and are described in turn below.

Lethality transmitted through obligate 
intracellular microbes such as Wolbachia
Wolbachia are a highly diverse group of endosymbiotic 
intracellular bacteria that significantly affect the reproductive 
biology of their hosts in order to enhance their own 
transmission. One type of host manipulation is known as 
cytoplasmic incompatibility (CI), which leads to the death of 
embryos formed by sperm from Wolbachia infected males 
fertilising eggs from uninfected females. This phenomenon 
has been observed in Ceratitis capitata (Medfly), using 
Wolbachia transferred from the cherry fruit fly Rhagoletis 
cerasi (Zabalou et al., 2004). Unfortunately, Wolbachia 
infection had additional deleterious effects on the 
reproductive performance of the host flies, including 
significant reductions in egg-to-adult survival and female 
fecundity (Sarakatsanou et al., 2011; Zabalou et al., 2004). 
However, the severity of these effects varied between 
Medfly/Wolbachia strain combinations, hence it may be 
possible in the future to find combinations with minimal 
impact on these aspects of host performance, whilst 
maintaining the heritable sterility. An additional problem 
with the use of Wolbachia is that CI-based sterility is 
unidirectional in that infected males cause sterility when 
mating with uninfected, but not infected, females. Therefore, 
the inadvertent release of infected females would be 
particularly troublesome as they would be fertile with any 
male. Furthermore, due to the maternal inheritance of 
Wolbachia, all the offspring of infected females would 
themselves be infected. This would lead to the rapid 
replacement of the original uninfected target population with 
infected individuals immune to the CI-based sterility. This 
effect would be less severe, however, if the target population 
were already infected with a different, mutually incompatible 
strain of Wolbachia. Several species of tephritid are naturally 
infected with Wolbachia, for example Rhagoletis cerasi  
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(Zabalou et al., 2004). Ceratitis capitata is thought typically 
not to contain Wolbachia, though detection in a Brazilian 
population has been reported (Rocha et al., 2005).

Genetic methods for sterilisation

(a) Germ line nucleases

Alternatives to radiation-sterilisation can also be developed 
through the use of genetics. The key is to develop a lethal 
genetic system which will be inherited through the sperm to 
the egg – just like radiation-induced lethal mutations – but 
without compromising the mating and reproductive 
performance of males or the productivity of the mass rearing 
strain in general. Windbichler et al (2008) have described 
such a system for Anopheles gambiae, with the extra 
sophistication of using an enzyme thought to cut only the X 
chromosome in that species. Transgenic males should then 
produce viable male progeny only. 

However, the transgenic males were in fact completely 
sterile, perhaps due to transmission of the nuclease to the 
fertilised egg leading to cutting of the maternally-derived X 
chromosome, with lethal consequences. The key limitation of 
this system is that the strain cannot be kept in a true-
breeding form as the transgenic males are sterile, therefore 
the transgene is maintained in heterozygous females which 
must be continually outcrossed to wild type. By clever use of 
fluorescent markers however, the relevant types of flies 
needed (transgenic females for breeding, transgenic males 
for potential release) can be distinguished from the other 
genotypes present, and even sorted automatically by a 
suitable fluorescence-based sorting machine (Catteruccia et 
al., 2005; Papathanos et al., 2009). At present the cost of such 
sorting seems likely to be prohibitive for large-scale use, but 
it may be possible in the future to reduce this.

(b) Repressible lethal genetic systems

We have focused on the use of repressible lethal genetic 
systems, in a strategy called RIDL (Release of Insects carrying 
a Dominant Lethal genetic system, Thomas et al., 2000). In 
this approach, the released males are homozygous for a 
dominant lethal gene. Eggs fertilised by sperm from these 
males die, due, to the action of the dominant lethal gene. As 
with Wolbachia-induced CI or the use of a male-germline-
expressed nuclease, sterility is achieved without irradiation, 
hence avoiding its damaging and undesirable side-effects. 
Furthermore, by using the ‘tet-off’ gene expression system 
(Gossen and Bujard, 1992) we are able to make homozygous 
and hence pure-breeding strains, repressing the lethal effect 
in rearing by provision of a dietary ‘antidote’. We have devel
oped RIDL strains of Ceratitis capitata (Fu et al., 2007; Gong 

et al., 2005), the olive fly Bactrocera oleae (Ant et al., 2011; 
Ant et al., submitted) and the Mexican fruit fly Anastrepha 
ludens (unpublished data). Schetelig et al (2007) have also 
developed a similar system using an embryo-specific 
promoter. In some RIDL type strains all progeny of homozy-
gous males will die. However, we have particularly focused on 
developing female-specific lethal systems, which provide a 
mechanism for genetic sexing (e.g. for the production of large 
numbers of males only) as well as the female-killing ‘genetic 
sterility’ effect. The strain can be reared to arbitrarily large 
numbers in the presence of tetracycline, which switches off 
the lethal effect. Cohorts intended for release are not 
provided with tetracycline, so the females die giving a male-
only population for release. The released males then mate 
wild females; female progeny of such mating die but males 
live. These surviving sons are heterozygous for the transgene 
so half of their daughters also die, giving additional popula-
tion suppression in the next generation. Such systems have 
been shown by mathematical modelling to be potentially 
more efficient than ‘bi-sex’ lethal systems, in which both 
male and female progeny of a released male die 
(Schliekelman and Gould, 2000; Thomas et al., 2000). 
Furthermore, survival of the male progeny allows introgres-
sion of (non-transgenic) background genetics from the mass-
reared population into the field population. This can have 
highly desirable effects in managing resistance to other 
interventions, such as insecticides, used in combination with 
the release of RIDL males (Alphey et al., 2009; Alphey et al., 
2011; Alphey et al., 2007).

Genetic sexing

Genetic sexing is itself a major potential improvement 
available through the use of modern genetics. The elimina-
tion of females from the release cohorts is highly desirable 
both to avoid ‘sterile sting’ oviposition damage to fruit, and 
to avoid unwanted matings between the released sterile 
females and males. Removal of females was shown to lead to 
a 3-5 fold improvement in per-male performance in large-
scale field trials of Medfly (Rendón et al., 2004). The benefits 
of sex separation are so significant that the introduction of 
genetic sexing methods has been a key research goal for 
many years for most SIT programmes. For a few species, such 
as tsetse fly (IAEA, 2002) and Aedes aegypti (Focks, 1980), 
sufficient sexual dimorphism exists in a trait such as develop-
mental time or size as to allow efficient mechanical sorting. 
However, where this is not the case, e.g. as in tephritids, the 
dimorphism or sorting mechanism is introduced through 
genetic manipulations. Classical genetic sexing systems have 
used markers such as pupal colour. The state of the art in this 
area is represented by the Medfly temperature sensitive 
lethal (tsl) strains, in which both sexes can be grown normally 
at a permissive temperature, but with female-specific lethal-
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ity induced by growth of the strain at a restrictive temperature 
(Franz, 2005). The introduction and use of these strains has 
been very beneficial for Medfly SIT. Good though they are, tsl 
strains suffer from significant genetic instability of the genetic 
sexing mechanism and reduced female productivity. The 
productivity of the tsl strains also cannot be increased by 
elevating the rearing temperatures due to the temperature 
sensitivity of females. These disadvantages could potentially 
be overcome by the use of modern molecular genetic manipu-
lations. Furthermore, the configuration of the tsl system 
cannot be transferred directly to other species; hence the 
development of such systems would require one to start de 
novo for each species tackled.

Several alternative approaches to genetic sexing have been 
proposed, aiming to overcome these limitations (Papathanos 
et al., 2009). One example, mentioned above, is the use of 
sex-specific expression of a fluorescent marker combined with 
automated sorting. We have focused on the use of engineered 
repressible female-specific lethal transgenes. This permits 
both ‘sterilisation’ and genetic sexing to be provided by the 
same genetic system, thereby minimising both development 
cost and biological (fitness) costs.

Genetic marking

An additional key trait available through genetic engineering 
is the provision of an easily visible heritable marker. 
Conventional marking through the use of dyes has financial 
and biological costs, and is inherently variable. Genetic 
marking is automatic, present in every individual and has the 
additional advantage of highly reliable DNA-based analysis 
methods if the genetic marker itself were for some reason 
indistinct in a given specimen (examples of such fluorescence 
are shown in Fig. 1). As with several applications of modern 
genetics, heritable markers can not only improve on a current 
process but also provide additional functionality. The original 
concept was simply to enable wild type pest insects to be 
distinguished from sterile ones, which is crucial for monitoring 
the progress of a sterile-insect control programme. However, 
expression of fluorescent markers specifically in the sperm 
may allow the mating status of trapped females to be 
determined – e.g. a female who mated with a sterile male will 
contain fluorescent sperm. Strains with fluorescently-labelled 
sperm have been constructed for Medfly and the Caribbean 
fruit fly Anastrepha suspensa (Scolari et al., 2008; Zimowska 
et al., 2009).

How do these new genetic technologies compare 
with traditional systems?

A strict definition of sterility might refer to agametic sterility, 
in which the sterile insect produces no gametes. This is not 
what is meant in the context of radiation-based ‘sterilisation’, 
or any of the alternative ‘sterilisation’ systems described 

above, indeed it would likely be undesirable. Rather we need 
sterile males to produce sperm which are functional in the 
sense of being able to fertilise an egg, while having modified 
genetics so that some or all of these fertilised eggs fail to 
develop to fertile adults. While spermless males may be able 
to induce refractoriness to remating in females of some 
species (e.g. Thailayil et al., 2011), where re-mating does 
occur there will likely be some form of sperm competition 
leading to the development of wild (type) progeny.

There are several potential post-copulatory effects; these can 
in combination significantly affect the outcome of an SIT 
program. After successfully courting and mating a female – 
itself crucially dependent on male quality – the sterile male 
should induce refractoriness to remating in the female. Any 
reduction of this capability from the sterile male compared to 
the wild male, e.g. in terms of duration and intensity of 
refractoriness, will likely result in a higher female re-mating 
rate, leading to a higher average proportion of fertile eggs. 
Then, to the extent that the female does remate, sperm from 
the sterile male should be able to compete on an equal 
footing with wild sperm (taking into account effects of 
precedence). Again, if not, there will be more fertile eggs than 
one would have expected from a simple measurement of 
male competitiveness. Irradiated males have been reported 
to perform poorly in such contests (Lance et al., 2000; McInnis 
et al., 2002; Kraaijeveld and Chapman, 2004) but that does 
not necessarily imply that a transgenic alternative will do 
better. In principle, genetic strains have the potential to 
outperform radiation-based methods, but each potential 
genetic strain needs to be carefully analysed for defects which 
might reduce or even eliminate the net advantage (Marrelli et 
al., 2006; Scolari et al., 2011). Such defects may arise from 
several sources, including expression of the transgene, the 
disruptive effect of transgene insertion, or inbreeding 
depression in the course of constructing the strain. For this 
reason we create panels of insertion lines for each transgene, 
from which we can select the ones with good performance.

Published assessments of the performance of transgenic 
strains have been very encouraging. Transgenic strains of 
Medfly have been found to have good mating 
competitiveness in cage tests (Morrison et al., 2009; Schetelig 
et al., 2009). More recently we have tested strains of olive fly 
and Medfly in large-cage mating trials against both lab 
wild-type and wild-caught flies with excellent results (Ant et 
al., submitted, Leftwich et al, in prep). We also found that the 
Medfly strains had superior life history characteristics in some 
respects to tsl strains, and that in contrast to irradiated flies 
(Kraaijeveld and Chapman, 2004; Vera et al., 2003), both 
Medfly and olive fly strains induced refractoriness to remating 
just like a wild male. Furthermore, females showed no 
increased propensity to re-mate wild males (vs transgenic) if 
they did re-mate. To test the strains further we established 
large population cages in a glasshouse, then introduced engi- 
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neered RIDL males into half of these cages once per week – 
the target populations in the treated cages were eliminated 
in a few months whereas the untreated control populations 
continued to thrive. This is particularly exciting for olive fly, 
where SIT seems an attractive option yet early trials with 
radiation-sterilised insects largely failed, due to low quality of 
the irradiated flies and lack of a genetic sexing strain 
(Economopoulos, 2002; Economopoulos et al., 1977). These 
new strains overcome both difficulties and may facilitate the 
use of sterile-male methods against this major pest.

To our knowledge no engineered strains of tephritids have 
been tested in the open field. However, such tests have been 
conducted for other pest insects and again the data are 
encouraging. Large-scale field trials of engineered pink 
bollworm (Pectinophora gossypiella) showed that the 
engineered strain had no apparent performance defects 
relative to a standard strain and could control a field pest 
population (Simmons et al., 2011). Large-cage population 
suppression studies, the model for our experiments 
described above for Medfly and olive fly, were successfully 
completed with an engineered strain of Aedes aegypti (Wise 
de Valdez et al., 2011). Field trials of another engineered 
mosquito in the Cayman Islands showed excellent mating 
competitiveness, and suppression of the target mosquito 
population (Harris et al., 2012; Harris et al., 2011).

Irradiated Medfly have poor net mating competitiveness in 
the field. Shelly et al estimated C = 0.17 in a small-scale trial, 
increasing to 0.42 by use of ginger root oil (Shelly et al., 2007) 
(C is the Fried competitiveness index; at C = 1, the irradiated 
males are equally competitive with wild males; 
FAO/IAEA/USDA, 2003). However, Shelly et al. calculated that 
C was above 0.01 for only one of four other field trials, 
estimating C= 0.0001– 0.001 for one large trial in a successful 
control program. Genetic strains appear to have the potential 
to provide dramatic improvements in SIT efficiency; the 
best-estimate C value for the first field trial with Aedes 
aegypti was 0.56 (Harris et al., 2011). However, this 
comparison must be treated with some caution. Rearing, 
handling, irradiation and strain genetics all have negative 
impacts on fly performance, and it is difficult to assess the 
effects of individual components.  Genetics may provide 
some step-change benefits, but incremental improvements 
through improved methods at every stage are also crucial. 
Fortunately, recent papers (e.g. Cáceres et al., 2007; Pereira 
et al., 2011) clearly indicate the ongoing effort and success in 
such methods development. SIT already has a strong record; 
with genetic and process improvements we can look forward 
to an even brighter future for this clean and effective pest 
control strategy.

 

Figure 1. Medfly and Olive fly Oxitec strains are easily 
differentiated from wild type under fluorescence (panels A 
and B, respectively). Panels C and D display the same flies 
under bright field illumination.
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The Mediterranean fruit fly (medfly), Ceratitis capitata 
(Diptera: Tephritidae) is a highly polyphagous insect pest 
(Liquido et al. 1990) that today exhibits an almost 
cosmopolitan geographical distribution due to its high 
invasive potential (Bonizzoni et al. 2001). The genetic 
structure and affinity among medfly populations worldwide 
has been investigated in a series of detailed studies 
conducted during the past 20 years (Malacrida et al. 1998, 
Bonizzoni et al. 2000, Gasperi et al. 2002, Malacrida et al. 
2007). Evidence from these studies show that medfly 
probably originates from the sub-Saharan East region of 
Africa (Kenya). From these ancestral habitats, medfly 
continued the route of its global invasion by establishing 
populations progressively to the Iberian Peninsula and then 
to other coastal and eastern Mediterranean regions (Gasperi 
et al. 2002). Medfly establishment in many regions of the 
New World is mainly attributed to the growth and 
development in global fruit trade and increased human 
mobility (Malacrida et al. 2007). Despite the fact that the 
genetic differentiation among medfly populations worldwide 
has been well demonstrated in the past (Gasperi et al. 2002 
and references therein), life history divergence of 
geographically isolated medfly populations and its adaptive 
significance in geographically and ecologically distinct areas 
remained largely unknown.

Using a common-garden experimental approach, this 
doctoral study aimed to test the hypothesis that medfly 
populations worldwide have diverged in important 
life-history and behavioral traits as a result of adaptation in 
ecologically diverse habitats. Based on a theoretical model 
(Fig. 1) regarding life-history divergence in invading tephritid 
populations (Diamantidis et al. 2008a), the ecology and 
behavior of different medfly populations originating from six 
global regions that exhibit big climatic differences (Kenya, 
Hawaii, Guatemala, Brazil, Portugal and Greece) was studied. 
In addition, the response of geographically isolated medfly 
populations to stressful conditions induced by adaptation to 
laboratory and larval crowding was also studied.

Fig. 1 Schematic presentation of the interplay among 
invasion events, invasion history (evolutionary time), and the 
force and direction of natural selection that may cause a 
continuum of divergence for a specific life history trait up to 
allopatric speciation limits (grey areas) (derived form 
Diamantidis et al. 2008a). Angles in the diagram represent 
both the direction and the force of natural selection in 
different invading environments. Both increase and 
reduction in the magnitude of the trait can be observed 
under the above scenario. Four different invasion scenarios 
are described: (1) invasion from the ancestral habitat to 
previously unoccupied areas (solid lined arrows). (2) 
Re-invasion from the ancestral population to an already 
invaded area (dashed arrow). (3) Invasion from an already 
invaded area to a different but also occupied habitat (square 
dotted arrow). (4) Invasion of an unoccupied (medfly free) 
area from a previously invaded area (dash dotted arrow). 
Coloured circles indicate either divergence (solid colour) or 
ecological convergence (mixed colours). For a complete 
description of the model see Diamantidis et al. 2008a.

In a first series of experiments, adult life span and female 
reproductive potential were studied, under identical 
laboratory conditions (common garden experiments) in 
medfly populations originating from the six different 
geographic regions mentioned above. The experiments were 
conducted using F1 flies for all six populations tested. 
Females were either relatively short-lived (hereafter 
short-lived) [life expectancy at eclosion (e0) 48 – 58 days; 
Kenya, Hawaii, and Guatemala] or relatively long-lived 
(hereafter long-lived) (e0 72 – 76 days; Greece, Portugal, and 
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Brazil], while males with one exception (Guatemala) were 
generally long-lived (e0 106 – 122 days) (Fig. 2) (Diamantidis 
et al. 2009). Males universally outlived females in all 
populations. However, the longevity gender gap was highly 
variable (20 – 58 days) among them. Lifetime fecundity rates 
were similar among populations. However, large differences 
were observed in their age-specific reproductive patterns. 
Preoviposition period was significantly shorter for females of 
the short-lived populations. In addition, females of the 
short-lived populations matured at earlier ages and allocated 
more of their resources to reproduction early in life compared 
to long-lived ones. In all populations, females experienced a 
post reproductive life span with this segment being 
significantly longer in flies from Kenya. Therefore, medfly 
populations, inhabiting ecologically diverse habitats, have 
evolved different life history strategies to cope with local 
environmental conditions.

Fig. 2 Female and male age-specific survival schedules of the 
six medfly populations (derived form Diamantidis et al., 
2009a).

In other laboratory experiments, survival and duration of 
immature stages of the above six medfly populations were 
studied in F1 generation under identical conditions (25 °C). 
These data were combined with data on adult demography 
from the first series of experiments to calculate population 
increase parameters. The results clearly showed that medfly 
populations worldwide exhibit significant differences in 
preadult survival, developmental rates and important 
population parameters such as the intrinsic rate of increase 
(Diamantidis et al. 2011a). Therefore, geographically isolated 
medfly populations may share different invasion potential, 
since population growth rates could influence basic 
population processes that operate mostly during the last two 
stages of an invasion event, such as establishment and spread. 

In an additional experiment in the laboratory, the effect of age 
and adult food (sugar, yeast + sugar) on male sexual signalling 
was studied under identical laboratory conditions in four 
medfly populations (F1 generation) originating from Brazil, 
Portugal, Kenya, and Greece. On both diets, the four 
populations differed significantly in the progress of maturity 
(indicated by the average number of males exhibiting sexual 
signalling) and in the quantity of signalling after attaining 
maturity (Diamantidis et al. 2008b). Yeast availability 
significantly increased sexual signalling; however, it had a 
different impact on the quantity of signalling in the different 
populations (Fig. 3). A bimodal pattern of sexual signalling was 
recorded for all populations and diets. However, quantitative 
differences among the populations within the ‘sexually active’ 
period of the day resulted in significant differences in the daily 
pattern of sexual signalling.

Fig. 3 Ratio between signalling rates of Ceratitis capitata 
males fed on either yeast + sugar (YS) or sugar only (S), in 
relation to the age of flies for four medfly populations (derived 
from Diamantidis et al., 2008b).

In another series of experiments, adaptation of five medfly 
populations originating from Kenya, Portugal, Greece, Hawaii 
and Guatemala to laboratory rearing conditions (up to F10 
generation) was studied under identical laboratory conditions 
for all populations tested. Experiments on biological 
parameters of immatures (survival, developmental time) were 
conducted in F1 and F10 generation for all populations, while 
adult demographic traits were monitored in the F2, F5, F7 and 
F9 generations in captivity. Laboratory adaptation increased 
the survival of immatures (egg to adult) in all populations, 
except for the one from Hawaii. With the exception of the 
Kenyan population, rearing in the laboratory for 10 
generations reduced developmental time (from egg to adult) 
in all populations. Although domestication in constant 
laboratory conditions had a different effect on the mortality 
and reproductive rates of the different populations, a general 
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trend of decreasing life span and age of first reproduction 
was observed for most medfly populations tested. However, 
taking into account longevity of both sexes, age-specific 
reproductive schedules (Fig. 4), and average reproductive 
rates we found that the ancestral Kenyan population kept the 
above life history traits stable during domestication 
compared to the other populations tested (Diamantidis et al. 
2011b). These findings provide important insights in the 
life-history evolution of this model species, and suggest that 
ancestral medfly populations perform better than the 
derived – invasive ones in a novel environment.

Fig. 4. Event history diagram (Carey et al., 1998) of the five 
medfly populations in the F2, F5, F7 and F9 laboratory 
generations. Each horizontal line represents the longevity of 
a single female and different colours designate the level of 
reproduction for each age. Green, 0 eggs; yellow, 1-20 eggs; 
red, > 20 eggs (Derived from Diamantidis et al., 2011b).

Finally, the effect of larval crowding conditions per food 
amount on the biology of immatures and adults of a 
long-lived and a short-lived medfly population originating 
from Greece and Guatemala respectively was studied under 
laboratory conditions (25 °C). The short and the long – lived 
medfly populations responded differently to stress induced 
by larval crowding. Increased larval density (a) reduced larval 
and pupal survival only in the case of the short-lived 
population (Guatemala), and (b) increased duration of larval 
development only for the long-lived population (Greece). 
Pupal size (length and weight), adult lifespan, and female 
fecundity were reduced in response to larval density for both 
populations used. 

Overall, these findings provide important insights not only 
for the evolution of medfly life-history in ecologically diverse 
habitats, but also for designing population suppression 
measures and managing invasiveness of medfly populations 
worldwide.
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Entomology, University of Crete, 1991, (7) Vice-Chairman, 
Department of Biology, University of Crete (1994-96), (8) 
Chairman, Department of Biology and Senate member 
University of Crete (1996-2000), (9) Director, Graduate 
Programme on Environmental Biology : Management of 
Terrestrial and Marine Resources, University of Crete 
(2001-06), (10) Member, Research Committee University of 
Crete (2002-05), (11) Member, Governing Board Museum of 
Natural History, Crete (2002-06), (12) Founder, coordinator 
University Facility and Information Center for Environmental 
Research, Agia Sofia, Hania, Crete (2000-06), (13) National 
representative to the European Union Programme for 
Science and Technology for Development (1991-94), and (14) 
Member, National Research Council for Biology, 
Biotechnology and Agriculture (1992-95). His long teaching 
career includes several courses such as: (1) topics of 
Entomology, University of Thessaloniki, Faculty of 
Agriculture (1973-82), (2) graduate courses of Biology, 
“Demokritos” National Research Center (1982-84), (3) 
Zoology, Economic Entomology, Applied Ecology, University 
of Crete, Department of Biology (1991-2006), and since 2006  
“Key topics of applied ecology and biotechnology” in the 
Graduate Program of Environmental Biology, as professor 
emeritus in the Department of Biology, University of Crete. 
His research interests regarding fruit flies include: (1) 
Sterilization and rearing of the Olive fly, Bactrocera oleae, (2) 
Physiology, behaviour, ecology, artificial rearing, genetics and 

control of the olive fruit fly, colour attraction of the 
Mediterranean fuit fly, Ceratitis capitata (Wiedemann) and 
(3) Physiology, behaviour, mass-rearing, quality control, lure 
and kill, SIT, integrated control of the Mediterranean and 
olive fruit flies. His research was funded by international and 
greek organizations in over 20 grants, usually as coordinator. 
He was the founding editor of Entomologia Hellenica. He has 
contributed more than 100 peer-reviewed publications. He 
has received recognition from the International Fruit Fly 
Community and the steering committees of the International 
Fruit Flies Symposia series and the Tephritid Workers of 
Europe, Africa and Middle East, for the foundation of 
international symposia and “outstanding career and 
contributions to the advance on fruit fly knowledge”.

Dr. Brian Barnes

Dr. Brian Barnes holds a PhD in Entomology and was until his 
recent retirement from the Agricultural Research Council of 
South Africa the Coordinator of SIT activities in this country.

This involved the management of a Mediterranean fruit fly 
programme in grape and deciduous crop production, a false 
codling moth programme in citrus, a codling moth 
programme in apples and pears, and most recently activities 
to develop the SIT against some invasive sugarcane borers. 
Two of these programmes have been transferred to the 
private sector and resulted in the establishment of viable 
commercial SIT companies involving public-private 
partnerships. Dr Barnes also has been Chairman of the 
International Steering Committee of Fruit Flies of Economic 
Importance and in view of his broad area-wide pest 
management experience is currently a private consultant.
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We are deeply saddened to report that Robert (Bob) Heath 
passed away on December 29, 2011. In his 43 years of service 
with ARS, he served as research leader/supervisory research 
chemist as well as location coordinator at the Subtropical 
Horticultural Research Station, Miami, FL (1999-2011), 
research chemist at the Center for Medical, Agricultural, and 
Veterinary Entomology, Gainesville, FL (1978-1999) and in 
support staff positions at Beltsville, MD (1968-1972) and 
Gainesville, FL (1972-1978).

Mr Heath was an internationally recognized scientist with 
specialization in the development and applications of insect 
semiochemicals and other attractants for the control of 
agricultural insect pests. He developed considerable expertise 
in the areas of chemical separation science, microanalytical 
techniques, formulations of semiochemicals, and 
identification of novel pheromones. The international 
recognition and pioneering status of Mr Heath’s research is 
evidenced by his 210 refereed publications and book 
chapters.

Additionally, Mr Heath served as technical advisor to IAEA 
Research Coordination Projects and as the chief technical 
advisor to scientists located in fourteen different countries on 
the use of his new attractant for detecting and monitoring 
Mediterranean fruit flies. Involvement by Mr Heath in the 
transfer of this technology resulted in several awards, press 
releases and numerous requests from agriculture 
administrators, scientists and industry leaders at the local, 
national and international level.

Nikos Kouloussis, Nikos Papadopoulos and Rui 
Pereira

It is with great sadness that we inform you of the death on 
August 17, 2011 of a prominent international entomologist 
and dear colleague and friend, Dr. Donald (Don) A. Lindquist, 
who dedicated his professional life to the development and 
implementation of more efficient and sustainable insect pest 
management approaches at the United States Department of 
Agriculture (USDA) and the Joint FAO/IAEA Division of Nuclear 
Techniques in Food and Agriculture in Vienna. He was a great 
leader and brilliant visionary who successfully bridged science 
with very practical and effective pest management.

Don was born in Lindsborg, Kansas in 1930. He studied 
entomology at Oregon State University and obtained his MSc 
and PhD (1958) at Iowa State University. He started his career 
with USDA in 1958 working as a researcher on cotton insect 
pests in the USDA Agricultural Research Service (ARS) 
laboratory at Texas A & M University. As the first director of 
the new Insect Attractants, Behavior and Basic Biology 
Laboratory in Gainesville, Florida, and later working on the 
National Programme Staff at ARS headquarters in Beltsville, 

Maryland, he also guided the research on insects affecting 
man and animals in many ARS laboratories towards area-wide 
approaches. During that time, he was also intimately involved 
in the screwworm eradication campaign under way in the 
southwestern USA and Mexico.  

ROBERT (BOB) HEATH (1945 – 2011)

DONALD (DON) A. LINDQUIST 1930 – 2011)
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Don first joined the Joint FAO/IAEA Division as Section Head 
of the Insect and Pest Control (IPC) Section in 1967, returning 
in 1972 and again in 1980, first as Head of the Agrochemical 
Section and then of the IPC Section until his retirement in 
1994. Under his leadership the IPC sub-programme shifted 
from mainly using radioisotopes in academic investigations 
towards the development and application of the Sterile 
Insect Technique (SIT) to address key pest problems in FAO 
and IAEA Member States. 

During his entire professional career, Don vigorously and 
determinedly supported operational programmes in 
different parts of the world, while at the same time obtaining 

practical feedback to guide the research and development 
activities at the IPC Laboratory in Seibersdorf and the 
coordinated research networks towards improving all 
aspects of sterile insect technologies and overcoming the 
technical problems encountered in these field programmes. 

His applied and practical can do attitude greatly influenced 
many careers of entomologists and programme managers in 
numerous locations in the world. Don was also a great 
mentor for many of us who had the opportunity to interact 
with him. We learned much from him and greatly valued his 
friendship and wise counsel. 

Jorge Hendrichs and Rui Pereira
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2nd MEETING OF TEPHRITID 
WORKERS OF EUROPE, AFRICA 
AND THE MIDDLE EAST (TEAM)

3 – 6 July 2012
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nikopap@uth.gr

24th INTERNATIONAL 
CONGRESS OF ENTOMOLOGY

19 – 25 August 2012
Daegu, South Korea

www.int-cong.ent.org
president@int-cong-ent.org

8th MEETING OF TEPHRITID 
WORKERS OF THE WESTERN HEMISPHERE
July 30 – August 3, 2012
Panamá City, Panamá 
www.8twwh.org

12th INTERNATIONAL CITRUS CONGRESS (ICC 
2012) 
18 – 23 November 2012
Valencia, Spain
www.citruscongress2012.org/web/

9th INTERNATIONAL SYMPOSIUM 
ON FRUIT FLIES OF ECONOMIC IMPORTANCE

20-25 April 2014 
Bangkok, Thailand 

malavasi@moscamed.org.br
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