
1

 3 Use of Attract and Kill 
devices for Fruit Fly 
Control

Unravelling molecular 
components of pheromone 
Perception in the medfly, 
ceratitis capitata

People: Paolo Siciliano

  
      

 

9  

 
 
 

 

 

Number 13 October 2013

Marc De Meyer
Chairman of the Steering Committee
marc.de.meyer@africamuseum.be

TO OUR READERS

11

 12

 

 12 

 

 13

 

 
 14

 14

TEAM 14

Editorial Board 14

CONTENTS

Research Scientist Position

African Fruit Fly Surveys

Erratum

For those in the northern hemisphere, summer holidays are over. A summer 
to be remembered with marvelous weather and plenty of sunshine. Other 
TEAM members will have recovered from their Ramadan festivities (Eid el 
Fitr) while others are currently celebrating New Year (Rosh Hashana). 
Different moments to celebrate, mesmerize but also to start working on new 
research plans or to analyze the data collected over the summer months.

As such we can also think of means and ways to present these results. 
Therefore, let’s keep in mind that the 4-yearly International Symposium on 
Fruit Flies of Economic Importance is approaching fast. The 9th edition will 
take place in May 2014 in Bangkok, Thailand but meeting abstract deadline 
has been postponed. Furthermore, in August 2014, there will also be the 8th 
International Congress of Dipterology (Potsdam, Germany). The TEAM 
committee has been looking even further ahead. In the last newsletter we 
made an appeal for suggestions to organize the next TEAM meeting. The 
Kolymbari settings and programme will be hard to beat but we had some very 
attractive offers, so the TEAM steering committee had a hard time making a 
final selection. The major preference was to have a meeting in Africa, given 
the fact that the first two took place in Europe (Spain and Crete). In the end, 
we opted for Stellenbosch, South Africa. Those of you who have been around 
in the fruit fly research community for a while will certainly remember the 
ISFEI organized by Brian Barnes and his colleagues in 2002. The same town 
will now be the setting for the next TEAM meeting, planned to take place in 
2016. We are already looking forward to this event and hopefully you will 
also. Therefore, keep an eye on the next newsletters where we will be 
providing some more information on this forthcoming meeting.

Announcements with regard to this and other meetings will not only be 
circulated through the TEAM newsletter but also through the Tephritid 
Workers Database. Yes, after a long time of hibernation (because of security 
problems with the former server), the TWD and the related regional group 
sections (including TEAM) are now up and running again, thanks to Abdeljelil 
Bakri’s relentless efforts to keep TWD going for which we should be very 
grateful. We have always found the TWD a useful source for information both 
on recent events or news flashes but also to track down colleagues with 
expertise in particular fields. Therefore, please take some time to enter or 
update your profile.

In the mean time, we are providing some interesting literature in this issue. 

There is an invited paper by Vicente Navarro-Llopis and Sandra Vacas (Valencia, Spain). They nicely summarize 
the use of attract and kill devices for fruit fly control. Environmentally friendly  devices that can prevent mass 
spraying on one end, but are also equally effective in reducing or eradicating fruit fly populations, are a major 
component in fruit fly control programmes. In the last decades, a plethora of different devices and attractants 
have been designed and promoted. This paper reviews the different approaches in this matter, but also 
provide some clarity in the terminology associated with this field of research.

Related to the above paper, we also present the synthesis of the doctoral research of Paolo Siciliano, a PhD 
student Anna Malacrida’s lab at the University of Pavia (Italy). Paolo focused his research on the underlying 
genetic mechanism for pheromone detection and perception in the Medfly as well as the chemical 
composition of the pheromone cocktail that flies are emitting. Unraveling such mechanisms and components 
can lead us to understand how pheromones actually work and, in the long term, can assist us in fabricating 
more efficient attractants to be used in the attract and kill devices discussed in the invited paper. 

In addition, Mervyn Mansell (Pretoria, South Africa) informs us on recent fruit fly surveys that have been 
conducted in a number of African country, thanks to funding of the British Department for International 
Development, through Trademark, Southern Africa. Mervyn has extensive experience in fruit fly research and 
especially surveying, through his previous associations with the African Fruit Fly Initiative and USDA-APHIS. For 
these surveys, intensive use of attractant devices and lures is being made, once again linking up with the other 
literature in this newsletter. We do hope that you will enjoy the reading of all these inter-related bits.

Finally, as always, we would kindly like to ask you to communicate to us any news or activities that you would 
like to see included in the next TEAM newsletter. 



For those in the northern hemisphere, summer holidays are over. A summer 
to be remembered with marvelous weather and plenty of sunshine. Other 
TEAM members will have recovered from their Ramadan festivities (Eid el 
Fitr) while others are currently celebrating New Year (Rosh Hashana). 
Different moments to celebrate, mesmerize but also to start working on new 
research plans or to analyze the data collected over the summer months.

As such we can also think of means and ways to present these results. 
Therefore, let’s keep in mind that the 4-yearly International Symposium on 
Fruit Flies of Economic Importance is approaching fast. The 9th edition will 
take place in May 2014 in Bangkok, Thailand but meeting abstract deadline 
has been postponed. Furthermore, in August 2014, there will also be the 8th 
International Congress of Dipterology (Potsdam, Germany). The TEAM 
committee has been looking even further ahead. In the last newsletter we 
made an appeal for suggestions to organize the next TEAM meeting. The 
Kolymbari settings and programme will be hard to beat but we had some very 
attractive offers, so the TEAM steering committee had a hard time making a 
final selection. The major preference was to have a meeting in Africa, given 
the fact that the first two took place in Europe (Spain and Crete). In the end, 
we opted for Stellenbosch, South Africa. Those of you who have been around 
in the fruit fly research community for a while will certainly remember the 
ISFEI organized by Brian Barnes and his colleagues in 2002. The same town 
will now be the setting for the next TEAM meeting, planned to take place in 
2016. We are already looking forward to this event and hopefully you will 
also. Therefore, keep an eye on the next newsletters where we will be 
providing some more information on this forthcoming meeting.

Announcements with regard to this and other meetings will not only be 
circulated through the TEAM newsletter but also through the Tephritid 
Workers Database. Yes, after a long time of hibernation (because of security 
problems with the former server), the TWD and the related regional group 
sections (including TEAM) are now up and running again, thanks to Abdeljelil 
Bakri’s relentless efforts to keep TWD going for which we should be very 
grateful. We have always found the TWD a useful source for information both 
on recent events or news flashes but also to track down colleagues with 
expertise in particular fields. Therefore, please take some time to enter or 
update your profile.

In the mean time, we are providing some interesting literature in this issue. 

Number 13 October 2013

2

There is an invited paper by Vicente Navarro-Llopis and Sandra Vacas (Valencia, Spain). They nicely summarize 
the use of attract and kill devices for fruit fly control. Environmentally friendly  devices that can prevent mass 
spraying on one end, but are also equally effective in reducing or eradicating fruit fly populations, are a major 
component in fruit fly control programmes. In the last decades, a plethora of different devices and attractants 
have been designed and promoted. This paper reviews the different approaches in this matter, but also 
provide some clarity in the terminology associated with this field of research.

Related to the above paper, we also present the synthesis of the doctoral research of Paolo Siciliano, a PhD 
student Anna Malacrida’s lab at the University of Pavia (Italy). Paolo focused his research on the underlying 
genetic mechanism for pheromone detection and perception in the Medfly as well as the chemical 
composition of the pheromone cocktail that flies are emitting. Unraveling such mechanisms and components 
can lead us to understand how pheromones actually work and, in the long term, can assist us in fabricating 
more efficient attractants to be used in the attract and kill devices discussed in the invited paper. 

In addition, Mervyn Mansell (Pretoria, South Africa) informs us on recent fruit fly surveys that have been 
conducted in a number of African country, thanks to funding of the British Department for International 
Development, through Trademark, Southern Africa. Mervyn has extensive experience in fruit fly research and 
especially surveying, through his previous associations with the African Fruit Fly Initiative and USDA-APHIS. For 
these surveys, intensive use of attractant devices and lures is being made, once again linking up with the other 
literature in this newsletter. We do hope that you will enjoy the reading of all these inter-related bits.

Finally, as always, we would kindly like to ask you to communicate to us any news or activities that you would 
like to see included in the next TEAM newsletter. 



3

October 2013 Number 13

USE OF ATTRACT AND KILL DEVICES FOR FRUIT FLY CONTROL

The term “attract-and-kill” encompasses all devices that 
attract target insects to a toxin. We find two different 
types of devices in this term, traps and bait stations. The 
main difference between them is that traps retain the 
flies, whereas bait stations refers only to devices that 
attract flies to the toxin. Bait stations are defined by 
Heath et al (2009) as discrete containers of attractants 
and toxins that attract the pest to the toxin, but in this 
case, the toxin can kill, sterilize (Navarro-Llopis et al 
2007) or infect the target insect (Maniania 2002). In the 
scientific literature we also find other definitions, such as 
the term “lure-and-kill” instead of “bait station”. El Sayed 
et al. (2009) define “lure and kill” as a device where 
“insects are not entrapped at the source of the 
attractant, but instead the insect is subjected to a killing 
agent, which eliminates affected individuals from the 
population after a short period”. A classification of 
“attract and kill” devices and some commercially 
available examples are depicted in Table 1.

Table 1. Classification and commercially available 
products of attract and kill.

 

With the attract-and-kill technique applying large 
amounts of toxins to the environment is avoided, as 
target pests are specifically attracted to the device. This 
helps greatly reduce the quantity of toxics used and their 
negative effects on the natural fauna, pesticide residues 
in fruit, and environmental contamination. The key point 
for the success of this technique is to have powerful, 
specific attractants that enable high efficacies to be 
achieved with the minimum number of devices. In this 
article, a review of the attractants and devices used for 
attract-and-kill purposes is provided and the latest trials 
conducted with these devices are revised. 

Past and current devices

There are hundreds of attract-and-kill devices in different 
countries, including traps and bait stations. Traps have 
been used since the beginning of the 20th century. 
Among the first traps used against fruit flies there were 
glass invaginated devices, known as McPhail traps, which 
are heavy and fragile. Moreover, the attractants used 
were liquid, thus making them even heavier and large 
quantities of water needed to be transported to service 
all the traps. The most widely used attractants for these 
first traps were liquid protein baits, fruit juices, soaked 
rice bran or fermented molasses (Gómez-Clemente 
1929). Liquid attractants evaporate and traps become 
dry in less than 1-2 weeks during warm seasons, or 2 
months in colder seasons. Although additional 
substances were often employed to reduce evaporation 
the lifespan of liquid attractants seldom exceeded 3 
months. One key point in the development of the 
attract-and-kill technique has been accomplished with 
the identification of compounds emitted by previously 
described substances, such as protein baits or fish 
remains. These substances are food attractants and are, 
in some cases, attractants per se, but a blend of these 
substances at the right concentration and adequate 
release rates enhance attraction significantly. The 
mixture of ammonium acetate and trimethylamine 
(Heath et al, 1997 and Heath et al 2004) in the case of 
Ceratitis capitata, the mixture of ammonium salts and 
putrescine for Anastrepha species (Heath et al. 1995, 
Robacker et al. 1996, Thomas et al. 2008, Holler et al. 
2006), or ammonium salts for Bactrocera oleae (Broumas 
and Haniotakis G 1994), were the starting point for the 
development of new more powerful attractants.

The use of dry attractants based on ammonium salts or 
amines proved easy to handle and encouraged the 
development of new device designs. The trap efficacy of 
these new designs has been tested in several field trials 
(Epsky et al 1999, Gazit el at 1998, Navarro-Llopis et al 
2008) and the results showed that small modifications in 
the traps can produce substantial increases in efficacy. 
Overall tephritid flies are attracted to round shapes and 
colors from yellow to red (from 550 to 680 nm) 
(Bactrocera dorsalis, Wu et al. 2007; Bactrocera oleae 
Katsoyannos and Kouloussis 2001; Ceratitis capitata and 
Anastrepha fraterculus, Cytrynowicz et al. 1982). 
Preferred size is more variable and depends on tephritids 
species; e.g., Bactrocera oleae females prefer small to 
medium sizes objects of dark colors, whereas Anastrepha 

ludens females prefer larger objects of yellow color. The 
results of these studies are often rather controversial 
demonstrating varying responses to different colors and 
sizes, with some authors supporting the hypothesis that 
the contrast of the device against the background is the 
main visual cue (Brévault and Quilici 2007, Cornelius et 
al. 1999).

 

Figure 1. M3® attract and kill device (Biagro, Valencia, 
Spain). The device contains proteins and vegetable 
extracts as attractants and α-cypermethrin as a toxicant.

In the last decade, the development of bait stations has 
intensified rendering them a genuine alternative to mass 
trapping. The use of new devices, such as the M3® 
(Biagro, Valencia, Spain) (Picture 1) or Magnet MED® 
attract and kill device (Suterra LLC, Bend, USA) (Picture 
2), increases year after year and mass trapping systems 
are progressively becoming replaced by bait stations, 
mainly with the characteristics that will be highlighted in 
the next two points of this article.

Figure 2. Magnet MED® attract and kill device (Suterra 
LLC, Bend, USA). This device contains a 
trimethylamine-ammonium acetate attractant and the 
surface is coated with deltamethrin as insecticide.

Desirable characteristics of attract-and-kill devices

The use of more powerful attractants has helped reduce 
the density of devices required to control fruit flies. For 
example, when a 4% solution of ammonium 
bi-phosphate was used in Spain for the mass trapping of 
Ceratitis capitata, a density of around 100 traps per ha 
was employed (Alfaro-Lassala, personal communication). 
The devices used per se are also essential to obtain good 
efficacy. By changing only the design of the McPhail-type 
trap, catches can increase by 3-fold (Navarro-Llopis et al 
2008); therefore, using more efficient models can also 
reduce the density of traps. As a result, the improvement 
of attractants, from ammonium bi-phosphate to 
ammonium acetate and trimethylamine, and 
development of traps with new designs have allowed to 
reduce the density of required devices from 100 to 40-50 
per ha.  

Another desirable key attribute for attract-and-kill 
devices is that they are easy to use. Dry traps and bait 
stations are preferable to wet devices as liquid 
management is cumbersome due to weight and spillages. 
Moreover, devices should be convenient and economic 
to transport, easy to assemble in the field and 
inexpensive for the end user (farmers). The 
transportation of large traps is sometimes costly as they 
occupy large volumes, and some of them cannot be 
stacked together because of their design, which results in 
extra transport costs. Some other models require small 
parts to be assembled in the field or are cumbersome 
due to attractant placing, and result in high installation 
costs. Regarding easiness to assemble and expensiveness 
for farmers, many new designs, such as the Decis trap® 
from Bayer Crop Science (Valencia, Spain) (Picture 3) or 
Cone trap (Probodelt, Spain), have accomplished these 
characteristics, and we can now find several ready-to-use 
traps on the market that are fully assembled.

 

Figure 3. Decis trap® from Bayer Crop Science (Valencia, 
Spain). The trap contains a food attractant based on 
ammonium acetate and aliphatic ammines. The trap lid is 
coated with deltamethrin.

Advantages and disadvantages of attract-and-kill 
devices

According to Navarro-Llopis et al. (2013), the main 
advantages of the lure-and-kill systems over mass 
trapping techniques include: (1) The reduced personnel 
cost required for their field deployment as lure-and-kill 
devices are sold preassembled, and no placing of the 
attractant or trap set-up is needed. (2) The lack of need 
for an expensive device that retains the flies. In fact, 
traps are supposed to be retrievable, thus their initial 
cost should pay off in several years; however, the cost of 
collecting and washing traps at the end of the season 
should also be taken into account. (3) Lure-and-kill 
devices do not became saturated with large number 
captured insects. This point is especially important when 
high fruit fly populations are present and relatively small 
traps are used for mass trapping. (4) Finally, another 
advantage of the lure-and-kill systems over certain mass 
trapping devices (dry traps) is that they do not require  
insecticides to be used as fumigants. The most widely 
used insecticides in dry traps are  dichlorvos (DDVP) and 
naled. However, these insecticides are now banned in 
the E.U. and in many countries in the Mediterranean 
basin, being replaced with contact insecticides, mainly 
pyrethrins, such as deltamethrin, lambda cyhalothrin or 
cypermethrin (Alemany et al 2004, Sancho-Sanchez 
2009, Tapia-Ramos et al 2012). In some cases, the design 
of existing traps has been modified to accommodate 
these contact insecticides. 

It can be claimed that a disadvantage of the 
attract-and-kill technique is its high cost. However, 
careful calculation of the costs involved suggests that 
these are comparable to insecticide treatments 
(Navarro-Llopis et al., 2013). The cost of purchase of 

devices in Europe is around 150 euros per ha and the cost 
for their deployment less than 10 euros per ha. On the 
other hand the cost for the most expensive insecticides 
(e.g. spinosad) is around 20 euros per ha per treatment, 
plus 10 euros for the personnel. This treatment should be 
repeated at least 4 or 5 times, thus bringing the cost 
involved at similar levels to attract-and-kill devices. 

The increasing use of these devices for attract-and-kill 
purposes has led to a scale economy that has reduced 
the cost of these devices. In Spain the cost of traps and 
female attractants for Ceratitis capitata has been cut by 
half in 10 years.  

Where to apply

For optimal performance, attract-and-kill systems should 
be applied in isolated or large areas, so as to reduce fruit 
fly intrusion from adjacent non-treated areas. It is 
intuitively obvious that the immigration of pests to a 
treated area prevents their effective suppression or 
eradication (Klassen 2005), which is the case of 
Tephritids given the high mobility of fruit flies. In order to 
achieve “Area-wide integrated pest management”, trials 
should be conducted over large or very isolated areas 
that would affect the whole population of this treated 
area during a long-term planned campaign (Klassen 
2005, Lindquist 2000). This is the ideal situation, but one 
that cannot always be applied if we take into account the 
fact that many farmers in the Mediterranean basin own 
small orchards. For this reason, the application of 
perimetral trapping to reinforce borders is a successful 
strategy (Cohen and Yuval, 2000) to implement the 
attract-and-kill strategy in medium-sized plots (0.5 to 5 
ha). The efficacy of his treatment is not clear in plots 
smaller than 0.5 ha, depending on the type of 
surrounding crops (presence of hosts), degree of 
isolation, and even the orientation or direction of the 
main winds. As a general rule, this methodology is not 
recommended for small plots where the perimeter 
represents the main part of the orchard. 

Density of devices

Regarding the joint trap plus attractant efficacy effect, 
the distance between traps can be determined by the 
effective attraction radius (EAR). The EAR represents the 
ratio of attractive and passive trap catches and it 
correlates positively with attractant strength, i.e., 
distance of attraction. This index is independent of insect 
density, locality or test duration (Byers et al. 1989). The 
EAR value for sticky panels baited with the commercial 
three-component lure (putrescine, ammonium acetate 
and trimethylamine) was established at 20 m for C. 
capitata by Peck and McQuate (2000). This result agrees 
with Leza et al. (2008) or Navarro-Llopis et al. (2013), 

who demonstrated that 50 mass trapping or 
attract-and-kill devices baited with ammonium acetate 
and trimethylamine dry dispensers prove more efficient 
to significantly reduce fruit damage at similar levels as 
weekly applications of insecticide. However, when using 
protein baits, the number of traps required was higher, 
as many as 200 traps per hectare are required (Alemany 
et al. 2004). In any case, recommended density did not 
guarantee the total protection of fruit against fruit fly, 
but the fly population and fruit damage reduced and only 
some support insecticide treatments were required.

The efficacy of combinations of traps and lures has been 
studied recently for economically important fruit flies: C. 
capitata (Gazit et al. 1998, Navarro-Llopis et al. 2008), 
Anastrepha spp. (Diaz-Fleischer et al. 2009), B. tryoni 
(Dominiak and Helen 2010), B. dorsalis (Cornelius et al. 
2000), and B. oleae (Broumas et al. 1994).

Application time

The main aim of the attract-and-kill technique is to 
suppress the fruit fly populations; the longer attractants 
are active in the field the greater the achievable 
suppression of a particular device. Replacement of 
attractants may be expensive but it might be necessary in 
some cases in order to cover a wider window of time to 
adequately control fruit fly populations. Wet traps using 
protein-based attractants or ammonium salts are the 
most sensitive to weather conditions and monthly 
replacement of the baits tends to be required. In 
contrast, dry attractants have longer life spans and can 
be used for as long as 4-6 months (Colas et al. 2012, 
Navarro-Llopis et al. 2013). For the Mediterranean fruit 
fly in the Mediterranean basin, mass trapping or bait 
stations are placed in the field at least one generation 
before fruit start ripening and they remain active for until 
4 months later when harvesting is completed. Therefore, 
for C. capitata attractants that last 4 months are required 
for an efficient mass-trapping strategy.

Efficacy

Efficacy assessments should be conducted to measure 
both fruit fly population reduction and fruit damage. 
However, many works in which fruit fly population 
reduction has been reported either do not include such 
data at all or include  rather poor data. Nevertheless, in 
several recent works the attract-and-kill technique has 
proven as effective as insecticide sprays against C. 
capitata in citrus orchards (Ben Jemaa et al.2010, Leza et 
al 2008, Navarro-Llopis et al 2013), or against the olive 
fruit fly (Haniotakis et al 1991, Broumas 2002). 

As previously mentioned, in contrast to the application of 
insecticides this methodology does not have an instant 

effect on the population. Therefore, monitoring fruit fly 
populations should be conducted when the 
attract-and-kill technique is applied in the field. 
Monitoring will help farmers to decide if a support 
insecticide treatment is required. Whether such a 
treatment is required depends on the sensitivity of the 
crop to fruit fly puncture and the ripening status. For 
example in Spanish citrus orchards, the upper threshold 
for insecticide treatment is 1 female per trap/day in a 
McPhail-type trap with an attractant mixture of 
ammonium acetate, trimethylamine and putrescine. This 
threshold has been established after more than 10 years 
of field trials being conducted in citrus crops, but it is 
completely empirical. No fruit damage over 1% is 
expected if the fruit fly population is maintained below 
this threshold during ripening. However this threshold 
should be establish for each crop, with each combination 
of trap and attractant.

As a concluding remark, the use of the attract-and-kill 
methods is increasing year after year as they are 
becoming affordable for growers and their efficacy has 
vastly improved. The development of new female 
attractants for other fruit fly species will expand the use 
of this pest management method. Although the 
attract-and-kill technique by itself is not always adequate 
to control a pest, the population reduction achieved 
enables the use of the sterile insect technique (SIT) in 
areas with high populations in which control is barely 
manageable by this method. Area-wide strategies that 
combine the use of attract-and-kill technique with SIT, 
timely application of insecticides and biological control 
agents are expected to obtain the best fruit fly control 
results.
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The term “attract-and-kill” encompasses all devices that 
attract target insects to a toxin. We find two different 
types of devices in this term, traps and bait stations. The 
main difference between them is that traps retain the 
flies, whereas bait stations refers only to devices that 
attract flies to the toxin. Bait stations are defined by 
Heath et al (2009) as discrete containers of attractants 
and toxins that attract the pest to the toxin, but in this 
case, the toxin can kill, sterilize (Navarro-Llopis et al 
2007) or infect the target insect (Maniania 2002). In the 
scientific literature we also find other definitions, such as 
the term “lure-and-kill” instead of “bait station”. El Sayed 
et al. (2009) define “lure and kill” as a device where 
“insects are not entrapped at the source of the 
attractant, but instead the insect is subjected to a killing 
agent, which eliminates affected individuals from the 
population after a short period”. A classification of 
“attract and kill” devices and some commercially 
available examples are depicted in Table 1.

Table 1. Classification and commercially available 
products of attract and kill.

 

With the attract-and-kill technique applying large 
amounts of toxins to the environment is avoided, as 
target pests are specifically attracted to the device. This 
helps greatly reduce the quantity of toxics used and their 
negative effects on the natural fauna, pesticide residues 
in fruit, and environmental contamination. The key point 
for the success of this technique is to have powerful, 
specific attractants that enable high efficacies to be 
achieved with the minimum number of devices. In this 
article, a review of the attractants and devices used for 
attract-and-kill purposes is provided and the latest trials 
conducted with these devices are revised. 

Past and current devices

There are hundreds of attract-and-kill devices in different 
countries, including traps and bait stations. Traps have 
been used since the beginning of the 20th century. 
Among the first traps used against fruit flies there were 
glass invaginated devices, known as McPhail traps, which 
are heavy and fragile. Moreover, the attractants used 
were liquid, thus making them even heavier and large 
quantities of water needed to be transported to service 
all the traps. The most widely used attractants for these 
first traps were liquid protein baits, fruit juices, soaked 
rice bran or fermented molasses (Gómez-Clemente 
1929). Liquid attractants evaporate and traps become 
dry in less than 1-2 weeks during warm seasons, or 2 
months in colder seasons. Although additional 
substances were often employed to reduce evaporation 
the lifespan of liquid attractants seldom exceeded 3 
months. One key point in the development of the 
attract-and-kill technique has been accomplished with 
the identification of compounds emitted by previously 
described substances, such as protein baits or fish 
remains. These substances are food attractants and are, 
in some cases, attractants per se, but a blend of these 
substances at the right concentration and adequate 
release rates enhance attraction significantly. The 
mixture of ammonium acetate and trimethylamine 
(Heath et al, 1997 and Heath et al 2004) in the case of 
Ceratitis capitata, the mixture of ammonium salts and 
putrescine for Anastrepha species (Heath et al. 1995, 
Robacker et al. 1996, Thomas et al. 2008, Holler et al. 
2006), or ammonium salts for Bactrocera oleae (Broumas 
and Haniotakis G 1994), were the starting point for the 
development of new more powerful attractants.

The use of dry attractants based on ammonium salts or 
amines proved easy to handle and encouraged the 
development of new device designs. The trap efficacy of 
these new designs has been tested in several field trials 
(Epsky et al 1999, Gazit el at 1998, Navarro-Llopis et al 
2008) and the results showed that small modifications in 
the traps can produce substantial increases in efficacy. 
Overall tephritid flies are attracted to round shapes and 
colors from yellow to red (from 550 to 680 nm) 
(Bactrocera dorsalis, Wu et al. 2007; Bactrocera oleae 
Katsoyannos and Kouloussis 2001; Ceratitis capitata and 
Anastrepha fraterculus, Cytrynowicz et al. 1982). 
Preferred size is more variable and depends on tephritids 
species; e.g., Bactrocera oleae females prefer small to 
medium sizes objects of dark colors, whereas Anastrepha 
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ludens females prefer larger objects of yellow color. The 
results of these studies are often rather controversial 
demonstrating varying responses to different colors and 
sizes, with some authors supporting the hypothesis that 
the contrast of the device against the background is the 
main visual cue (Brévault and Quilici 2007, Cornelius et 
al. 1999).

 

Figure 1. M3® attract and kill device (Biagro, Valencia, 
Spain). The device contains proteins and vegetable 
extracts as attractants and α-cypermethrin as a toxicant.

In the last decade, the development of bait stations has 
intensified rendering them a genuine alternative to mass 
trapping. The use of new devices, such as the M3® 
(Biagro, Valencia, Spain) (Picture 1) or Magnet MED® 
attract and kill device (Suterra LLC, Bend, USA) (Picture 
2), increases year after year and mass trapping systems 
are progressively becoming replaced by bait stations, 
mainly with the characteristics that will be highlighted in 
the next two points of this article.

Figure 2. Magnet MED® attract and kill device (Suterra 
LLC, Bend, USA). This device contains a 
trimethylamine-ammonium acetate attractant and the 
surface is coated with deltamethrin as insecticide.

Desirable characteristics of attract-and-kill devices

The use of more powerful attractants has helped reduce 
the density of devices required to control fruit flies. For 
example, when a 4% solution of ammonium 
bi-phosphate was used in Spain for the mass trapping of 
Ceratitis capitata, a density of around 100 traps per ha 
was employed (Alfaro-Lassala, personal communication). 
The devices used per se are also essential to obtain good 
efficacy. By changing only the design of the McPhail-type 
trap, catches can increase by 3-fold (Navarro-Llopis et al 
2008); therefore, using more efficient models can also 
reduce the density of traps. As a result, the improvement 
of attractants, from ammonium bi-phosphate to 
ammonium acetate and trimethylamine, and 
development of traps with new designs have allowed to 
reduce the density of required devices from 100 to 40-50 
per ha.  

Another desirable key attribute for attract-and-kill 
devices is that they are easy to use. Dry traps and bait 
stations are preferable to wet devices as liquid 
management is cumbersome due to weight and spillages. 
Moreover, devices should be convenient and economic 
to transport, easy to assemble in the field and 
inexpensive for the end user (farmers). The 
transportation of large traps is sometimes costly as they 
occupy large volumes, and some of them cannot be 
stacked together because of their design, which results in 
extra transport costs. Some other models require small 
parts to be assembled in the field or are cumbersome 
due to attractant placing, and result in high installation 
costs. Regarding easiness to assemble and expensiveness 
for farmers, many new designs, such as the Decis trap® 
from Bayer Crop Science (Valencia, Spain) (Picture 3) or 
Cone trap (Probodelt, Spain), have accomplished these 
characteristics, and we can now find several ready-to-use 
traps on the market that are fully assembled.

 

Figure 3. Decis trap® from Bayer Crop Science (Valencia, 
Spain). The trap contains a food attractant based on 
ammonium acetate and aliphatic ammines. The trap lid is 
coated with deltamethrin.

Advantages and disadvantages of attract-and-kill 
devices

According to Navarro-Llopis et al. (2013), the main 
advantages of the lure-and-kill systems over mass 
trapping techniques include: (1) The reduced personnel 
cost required for their field deployment as lure-and-kill 
devices are sold preassembled, and no placing of the 
attractant or trap set-up is needed. (2) The lack of need 
for an expensive device that retains the flies. In fact, 
traps are supposed to be retrievable, thus their initial 
cost should pay off in several years; however, the cost of 
collecting and washing traps at the end of the season 
should also be taken into account. (3) Lure-and-kill 
devices do not became saturated with large number 
captured insects. This point is especially important when 
high fruit fly populations are present and relatively small 
traps are used for mass trapping. (4) Finally, another 
advantage of the lure-and-kill systems over certain mass 
trapping devices (dry traps) is that they do not require  
insecticides to be used as fumigants. The most widely 
used insecticides in dry traps are  dichlorvos (DDVP) and 
naled. However, these insecticides are now banned in 
the E.U. and in many countries in the Mediterranean 
basin, being replaced with contact insecticides, mainly 
pyrethrins, such as deltamethrin, lambda cyhalothrin or 
cypermethrin (Alemany et al 2004, Sancho-Sanchez 
2009, Tapia-Ramos et al 2012). In some cases, the design 
of existing traps has been modified to accommodate 
these contact insecticides. 

It can be claimed that a disadvantage of the 
attract-and-kill technique is its high cost. However, 
careful calculation of the costs involved suggests that 
these are comparable to insecticide treatments 
(Navarro-Llopis et al., 2013). The cost of purchase of 

devices in Europe is around 150 euros per ha and the cost 
for their deployment less than 10 euros per ha. On the 
other hand the cost for the most expensive insecticides 
(e.g. spinosad) is around 20 euros per ha per treatment, 
plus 10 euros for the personnel. This treatment should be 
repeated at least 4 or 5 times, thus bringing the cost 
involved at similar levels to attract-and-kill devices. 

The increasing use of these devices for attract-and-kill 
purposes has led to a scale economy that has reduced 
the cost of these devices. In Spain the cost of traps and 
female attractants for Ceratitis capitata has been cut by 
half in 10 years.  

Where to apply

For optimal performance, attract-and-kill systems should 
be applied in isolated or large areas, so as to reduce fruit 
fly intrusion from adjacent non-treated areas. It is 
intuitively obvious that the immigration of pests to a 
treated area prevents their effective suppression or 
eradication (Klassen 2005), which is the case of 
Tephritids given the high mobility of fruit flies. In order to 
achieve “Area-wide integrated pest management”, trials 
should be conducted over large or very isolated areas 
that would affect the whole population of this treated 
area during a long-term planned campaign (Klassen 
2005, Lindquist 2000). This is the ideal situation, but one 
that cannot always be applied if we take into account the 
fact that many farmers in the Mediterranean basin own 
small orchards. For this reason, the application of 
perimetral trapping to reinforce borders is a successful 
strategy (Cohen and Yuval, 2000) to implement the 
attract-and-kill strategy in medium-sized plots (0.5 to 5 
ha). The efficacy of his treatment is not clear in plots 
smaller than 0.5 ha, depending on the type of 
surrounding crops (presence of hosts), degree of 
isolation, and even the orientation or direction of the 
main winds. As a general rule, this methodology is not 
recommended for small plots where the perimeter 
represents the main part of the orchard. 

Density of devices

Regarding the joint trap plus attractant efficacy effect, 
the distance between traps can be determined by the 
effective attraction radius (EAR). The EAR represents the 
ratio of attractive and passive trap catches and it 
correlates positively with attractant strength, i.e., 
distance of attraction. This index is independent of insect 
density, locality or test duration (Byers et al. 1989). The 
EAR value for sticky panels baited with the commercial 
three-component lure (putrescine, ammonium acetate 
and trimethylamine) was established at 20 m for C. 
capitata by Peck and McQuate (2000). This result agrees 
with Leza et al. (2008) or Navarro-Llopis et al. (2013), 

who demonstrated that 50 mass trapping or 
attract-and-kill devices baited with ammonium acetate 
and trimethylamine dry dispensers prove more efficient 
to significantly reduce fruit damage at similar levels as 
weekly applications of insecticide. However, when using 
protein baits, the number of traps required was higher, 
as many as 200 traps per hectare are required (Alemany 
et al. 2004). In any case, recommended density did not 
guarantee the total protection of fruit against fruit fly, 
but the fly population and fruit damage reduced and only 
some support insecticide treatments were required.

The efficacy of combinations of traps and lures has been 
studied recently for economically important fruit flies: C. 
capitata (Gazit et al. 1998, Navarro-Llopis et al. 2008), 
Anastrepha spp. (Diaz-Fleischer et al. 2009), B. tryoni 
(Dominiak and Helen 2010), B. dorsalis (Cornelius et al. 
2000), and B. oleae (Broumas et al. 1994).

Application time

The main aim of the attract-and-kill technique is to 
suppress the fruit fly populations; the longer attractants 
are active in the field the greater the achievable 
suppression of a particular device. Replacement of 
attractants may be expensive but it might be necessary in 
some cases in order to cover a wider window of time to 
adequately control fruit fly populations. Wet traps using 
protein-based attractants or ammonium salts are the 
most sensitive to weather conditions and monthly 
replacement of the baits tends to be required. In 
contrast, dry attractants have longer life spans and can 
be used for as long as 4-6 months (Colas et al. 2012, 
Navarro-Llopis et al. 2013). For the Mediterranean fruit 
fly in the Mediterranean basin, mass trapping or bait 
stations are placed in the field at least one generation 
before fruit start ripening and they remain active for until 
4 months later when harvesting is completed. Therefore, 
for C. capitata attractants that last 4 months are required 
for an efficient mass-trapping strategy.

Efficacy

Efficacy assessments should be conducted to measure 
both fruit fly population reduction and fruit damage. 
However, many works in which fruit fly population 
reduction has been reported either do not include such 
data at all or include  rather poor data. Nevertheless, in 
several recent works the attract-and-kill technique has 
proven as effective as insecticide sprays against C. 
capitata in citrus orchards (Ben Jemaa et al.2010, Leza et 
al 2008, Navarro-Llopis et al 2013), or against the olive 
fruit fly (Haniotakis et al 1991, Broumas 2002). 

As previously mentioned, in contrast to the application of 
insecticides this methodology does not have an instant 

effect on the population. Therefore, monitoring fruit fly 
populations should be conducted when the 
attract-and-kill technique is applied in the field. 
Monitoring will help farmers to decide if a support 
insecticide treatment is required. Whether such a 
treatment is required depends on the sensitivity of the 
crop to fruit fly puncture and the ripening status. For 
example in Spanish citrus orchards, the upper threshold 
for insecticide treatment is 1 female per trap/day in a 
McPhail-type trap with an attractant mixture of 
ammonium acetate, trimethylamine and putrescine. This 
threshold has been established after more than 10 years 
of field trials being conducted in citrus crops, but it is 
completely empirical. No fruit damage over 1% is 
expected if the fruit fly population is maintained below 
this threshold during ripening. However this threshold 
should be establish for each crop, with each combination 
of trap and attractant.

As a concluding remark, the use of the attract-and-kill 
methods is increasing year after year as they are 
becoming affordable for growers and their efficacy has 
vastly improved. The development of new female 
attractants for other fruit fly species will expand the use 
of this pest management method. Although the 
attract-and-kill technique by itself is not always adequate 
to control a pest, the population reduction achieved 
enables the use of the sterile insect technique (SIT) in 
areas with high populations in which control is barely 
manageable by this method. Area-wide strategies that 
combine the use of attract-and-kill technique with SIT, 
timely application of insecticides and biological control 
agents are expected to obtain the best fruit fly control 
results.
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The term “attract-and-kill” encompasses all devices that 
attract target insects to a toxin. We find two different 
types of devices in this term, traps and bait stations. The 
main difference between them is that traps retain the 
flies, whereas bait stations refers only to devices that 
attract flies to the toxin. Bait stations are defined by 
Heath et al (2009) as discrete containers of attractants 
and toxins that attract the pest to the toxin, but in this 
case, the toxin can kill, sterilize (Navarro-Llopis et al 
2007) or infect the target insect (Maniania 2002). In the 
scientific literature we also find other definitions, such as 
the term “lure-and-kill” instead of “bait station”. El Sayed 
et al. (2009) define “lure and kill” as a device where 
“insects are not entrapped at the source of the 
attractant, but instead the insect is subjected to a killing 
agent, which eliminates affected individuals from the 
population after a short period”. A classification of 
“attract and kill” devices and some commercially 
available examples are depicted in Table 1.

Table 1. Classification and commercially available 
products of attract and kill.

 

With the attract-and-kill technique applying large 
amounts of toxins to the environment is avoided, as 
target pests are specifically attracted to the device. This 
helps greatly reduce the quantity of toxics used and their 
negative effects on the natural fauna, pesticide residues 
in fruit, and environmental contamination. The key point 
for the success of this technique is to have powerful, 
specific attractants that enable high efficacies to be 
achieved with the minimum number of devices. In this 
article, a review of the attractants and devices used for 
attract-and-kill purposes is provided and the latest trials 
conducted with these devices are revised. 

Past and current devices

There are hundreds of attract-and-kill devices in different 
countries, including traps and bait stations. Traps have 
been used since the beginning of the 20th century. 
Among the first traps used against fruit flies there were 
glass invaginated devices, known as McPhail traps, which 
are heavy and fragile. Moreover, the attractants used 
were liquid, thus making them even heavier and large 
quantities of water needed to be transported to service 
all the traps. The most widely used attractants for these 
first traps were liquid protein baits, fruit juices, soaked 
rice bran or fermented molasses (Gómez-Clemente 
1929). Liquid attractants evaporate and traps become 
dry in less than 1-2 weeks during warm seasons, or 2 
months in colder seasons. Although additional 
substances were often employed to reduce evaporation 
the lifespan of liquid attractants seldom exceeded 3 
months. One key point in the development of the 
attract-and-kill technique has been accomplished with 
the identification of compounds emitted by previously 
described substances, such as protein baits or fish 
remains. These substances are food attractants and are, 
in some cases, attractants per se, but a blend of these 
substances at the right concentration and adequate 
release rates enhance attraction significantly. The 
mixture of ammonium acetate and trimethylamine 
(Heath et al, 1997 and Heath et al 2004) in the case of 
Ceratitis capitata, the mixture of ammonium salts and 
putrescine for Anastrepha species (Heath et al. 1995, 
Robacker et al. 1996, Thomas et al. 2008, Holler et al. 
2006), or ammonium salts for Bactrocera oleae (Broumas 
and Haniotakis G 1994), were the starting point for the 
development of new more powerful attractants.

The use of dry attractants based on ammonium salts or 
amines proved easy to handle and encouraged the 
development of new device designs. The trap efficacy of 
these new designs has been tested in several field trials 
(Epsky et al 1999, Gazit el at 1998, Navarro-Llopis et al 
2008) and the results showed that small modifications in 
the traps can produce substantial increases in efficacy. 
Overall tephritid flies are attracted to round shapes and 
colors from yellow to red (from 550 to 680 nm) 
(Bactrocera dorsalis, Wu et al. 2007; Bactrocera oleae 
Katsoyannos and Kouloussis 2001; Ceratitis capitata and 
Anastrepha fraterculus, Cytrynowicz et al. 1982). 
Preferred size is more variable and depends on tephritids 
species; e.g., Bactrocera oleae females prefer small to 
medium sizes objects of dark colors, whereas Anastrepha 
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ludens females prefer larger objects of yellow color. The 
results of these studies are often rather controversial 
demonstrating varying responses to different colors and 
sizes, with some authors supporting the hypothesis that 
the contrast of the device against the background is the 
main visual cue (Brévault and Quilici 2007, Cornelius et 
al. 1999).

 

Figure 1. M3® attract and kill device (Biagro, Valencia, 
Spain). The device contains proteins and vegetable 
extracts as attractants and α-cypermethrin as a toxicant.

In the last decade, the development of bait stations has 
intensified rendering them a genuine alternative to mass 
trapping. The use of new devices, such as the M3® 
(Biagro, Valencia, Spain) (Picture 1) or Magnet MED® 
attract and kill device (Suterra LLC, Bend, USA) (Picture 
2), increases year after year and mass trapping systems 
are progressively becoming replaced by bait stations, 
mainly with the characteristics that will be highlighted in 
the next two points of this article.

Figure 2. Magnet MED® attract and kill device (Suterra 
LLC, Bend, USA). This device contains a 
trimethylamine-ammonium acetate attractant and the 
surface is coated with deltamethrin as insecticide.

Desirable characteristics of attract-and-kill devices

The use of more powerful attractants has helped reduce 
the density of devices required to control fruit flies. For 
example, when a 4% solution of ammonium 
bi-phosphate was used in Spain for the mass trapping of 
Ceratitis capitata, a density of around 100 traps per ha 
was employed (Alfaro-Lassala, personal communication). 
The devices used per se are also essential to obtain good 
efficacy. By changing only the design of the McPhail-type 
trap, catches can increase by 3-fold (Navarro-Llopis et al 
2008); therefore, using more efficient models can also 
reduce the density of traps. As a result, the improvement 
of attractants, from ammonium bi-phosphate to 
ammonium acetate and trimethylamine, and 
development of traps with new designs have allowed to 
reduce the density of required devices from 100 to 40-50 
per ha.  

Another desirable key attribute for attract-and-kill 
devices is that they are easy to use. Dry traps and bait 
stations are preferable to wet devices as liquid 
management is cumbersome due to weight and spillages. 
Moreover, devices should be convenient and economic 
to transport, easy to assemble in the field and 
inexpensive for the end user (farmers). The 
transportation of large traps is sometimes costly as they 
occupy large volumes, and some of them cannot be 
stacked together because of their design, which results in 
extra transport costs. Some other models require small 
parts to be assembled in the field or are cumbersome 
due to attractant placing, and result in high installation 
costs. Regarding easiness to assemble and expensiveness 
for farmers, many new designs, such as the Decis trap® 
from Bayer Crop Science (Valencia, Spain) (Picture 3) or 
Cone trap (Probodelt, Spain), have accomplished these 
characteristics, and we can now find several ready-to-use 
traps on the market that are fully assembled.

 

Figure 3. Decis trap® from Bayer Crop Science (Valencia, 
Spain). The trap contains a food attractant based on 
ammonium acetate and aliphatic ammines. The trap lid is 
coated with deltamethrin.

Advantages and disadvantages of attract-and-kill 
devices

According to Navarro-Llopis et al. (2013), the main 
advantages of the lure-and-kill systems over mass 
trapping techniques include: (1) The reduced personnel 
cost required for their field deployment as lure-and-kill 
devices are sold preassembled, and no placing of the 
attractant or trap set-up is needed. (2) The lack of need 
for an expensive device that retains the flies. In fact, 
traps are supposed to be retrievable, thus their initial 
cost should pay off in several years; however, the cost of 
collecting and washing traps at the end of the season 
should also be taken into account. (3) Lure-and-kill 
devices do not became saturated with large number 
captured insects. This point is especially important when 
high fruit fly populations are present and relatively small 
traps are used for mass trapping. (4) Finally, another 
advantage of the lure-and-kill systems over certain mass 
trapping devices (dry traps) is that they do not require  
insecticides to be used as fumigants. The most widely 
used insecticides in dry traps are  dichlorvos (DDVP) and 
naled. However, these insecticides are now banned in 
the E.U. and in many countries in the Mediterranean 
basin, being replaced with contact insecticides, mainly 
pyrethrins, such as deltamethrin, lambda cyhalothrin or 
cypermethrin (Alemany et al 2004, Sancho-Sanchez 
2009, Tapia-Ramos et al 2012). In some cases, the design 
of existing traps has been modified to accommodate 
these contact insecticides. 

It can be claimed that a disadvantage of the 
attract-and-kill technique is its high cost. However, 
careful calculation of the costs involved suggests that 
these are comparable to insecticide treatments 
(Navarro-Llopis et al., 2013). The cost of purchase of 

devices in Europe is around 150 euros per ha and the cost 
for their deployment less than 10 euros per ha. On the 
other hand the cost for the most expensive insecticides 
(e.g. spinosad) is around 20 euros per ha per treatment, 
plus 10 euros for the personnel. This treatment should be 
repeated at least 4 or 5 times, thus bringing the cost 
involved at similar levels to attract-and-kill devices. 

The increasing use of these devices for attract-and-kill 
purposes has led to a scale economy that has reduced 
the cost of these devices. In Spain the cost of traps and 
female attractants for Ceratitis capitata has been cut by 
half in 10 years.  

Where to apply

For optimal performance, attract-and-kill systems should 
be applied in isolated or large areas, so as to reduce fruit 
fly intrusion from adjacent non-treated areas. It is 
intuitively obvious that the immigration of pests to a 
treated area prevents their effective suppression or 
eradication (Klassen 2005), which is the case of 
Tephritids given the high mobility of fruit flies. In order to 
achieve “Area-wide integrated pest management”, trials 
should be conducted over large or very isolated areas 
that would affect the whole population of this treated 
area during a long-term planned campaign (Klassen 
2005, Lindquist 2000). This is the ideal situation, but one 
that cannot always be applied if we take into account the 
fact that many farmers in the Mediterranean basin own 
small orchards. For this reason, the application of 
perimetral trapping to reinforce borders is a successful 
strategy (Cohen and Yuval, 2000) to implement the 
attract-and-kill strategy in medium-sized plots (0.5 to 5 
ha). The efficacy of his treatment is not clear in plots 
smaller than 0.5 ha, depending on the type of 
surrounding crops (presence of hosts), degree of 
isolation, and even the orientation or direction of the 
main winds. As a general rule, this methodology is not 
recommended for small plots where the perimeter 
represents the main part of the orchard. 

Density of devices

Regarding the joint trap plus attractant efficacy effect, 
the distance between traps can be determined by the 
effective attraction radius (EAR). The EAR represents the 
ratio of attractive and passive trap catches and it 
correlates positively with attractant strength, i.e., 
distance of attraction. This index is independent of insect 
density, locality or test duration (Byers et al. 1989). The 
EAR value for sticky panels baited with the commercial 
three-component lure (putrescine, ammonium acetate 
and trimethylamine) was established at 20 m for C. 
capitata by Peck and McQuate (2000). This result agrees 
with Leza et al. (2008) or Navarro-Llopis et al. (2013), 

who demonstrated that 50 mass trapping or 
attract-and-kill devices baited with ammonium acetate 
and trimethylamine dry dispensers prove more efficient 
to significantly reduce fruit damage at similar levels as 
weekly applications of insecticide. However, when using 
protein baits, the number of traps required was higher, 
as many as 200 traps per hectare are required (Alemany 
et al. 2004). In any case, recommended density did not 
guarantee the total protection of fruit against fruit fly, 
but the fly population and fruit damage reduced and only 
some support insecticide treatments were required.

The efficacy of combinations of traps and lures has been 
studied recently for economically important fruit flies: C. 
capitata (Gazit et al. 1998, Navarro-Llopis et al. 2008), 
Anastrepha spp. (Diaz-Fleischer et al. 2009), B. tryoni 
(Dominiak and Helen 2010), B. dorsalis (Cornelius et al. 
2000), and B. oleae (Broumas et al. 1994).

Application time

The main aim of the attract-and-kill technique is to 
suppress the fruit fly populations; the longer attractants 
are active in the field the greater the achievable 
suppression of a particular device. Replacement of 
attractants may be expensive but it might be necessary in 
some cases in order to cover a wider window of time to 
adequately control fruit fly populations. Wet traps using 
protein-based attractants or ammonium salts are the 
most sensitive to weather conditions and monthly 
replacement of the baits tends to be required. In 
contrast, dry attractants have longer life spans and can 
be used for as long as 4-6 months (Colas et al. 2012, 
Navarro-Llopis et al. 2013). For the Mediterranean fruit 
fly in the Mediterranean basin, mass trapping or bait 
stations are placed in the field at least one generation 
before fruit start ripening and they remain active for until 
4 months later when harvesting is completed. Therefore, 
for C. capitata attractants that last 4 months are required 
for an efficient mass-trapping strategy.

Efficacy

Efficacy assessments should be conducted to measure 
both fruit fly population reduction and fruit damage. 
However, many works in which fruit fly population 
reduction has been reported either do not include such 
data at all or include  rather poor data. Nevertheless, in 
several recent works the attract-and-kill technique has 
proven as effective as insecticide sprays against C. 
capitata in citrus orchards (Ben Jemaa et al.2010, Leza et 
al 2008, Navarro-Llopis et al 2013), or against the olive 
fruit fly (Haniotakis et al 1991, Broumas 2002). 

As previously mentioned, in contrast to the application of 
insecticides this methodology does not have an instant 

effect on the population. Therefore, monitoring fruit fly 
populations should be conducted when the 
attract-and-kill technique is applied in the field. 
Monitoring will help farmers to decide if a support 
insecticide treatment is required. Whether such a 
treatment is required depends on the sensitivity of the 
crop to fruit fly puncture and the ripening status. For 
example in Spanish citrus orchards, the upper threshold 
for insecticide treatment is 1 female per trap/day in a 
McPhail-type trap with an attractant mixture of 
ammonium acetate, trimethylamine and putrescine. This 
threshold has been established after more than 10 years 
of field trials being conducted in citrus crops, but it is 
completely empirical. No fruit damage over 1% is 
expected if the fruit fly population is maintained below 
this threshold during ripening. However this threshold 
should be establish for each crop, with each combination 
of trap and attractant.

As a concluding remark, the use of the attract-and-kill 
methods is increasing year after year as they are 
becoming affordable for growers and their efficacy has 
vastly improved. The development of new female 
attractants for other fruit fly species will expand the use 
of this pest management method. Although the 
attract-and-kill technique by itself is not always adequate 
to control a pest, the population reduction achieved 
enables the use of the sterile insect technique (SIT) in 
areas with high populations in which control is barely 
manageable by this method. Area-wide strategies that 
combine the use of attract-and-kill technique with SIT, 
timely application of insecticides and biological control 
agents are expected to obtain the best fruit fly control 
results.
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The term “attract-and-kill” encompasses all devices that 
attract target insects to a toxin. We find two different 
types of devices in this term, traps and bait stations. The 
main difference between them is that traps retain the 
flies, whereas bait stations refers only to devices that 
attract flies to the toxin. Bait stations are defined by 
Heath et al (2009) as discrete containers of attractants 
and toxins that attract the pest to the toxin, but in this 
case, the toxin can kill, sterilize (Navarro-Llopis et al 
2007) or infect the target insect (Maniania 2002). In the 
scientific literature we also find other definitions, such as 
the term “lure-and-kill” instead of “bait station”. El Sayed 
et al. (2009) define “lure and kill” as a device where 
“insects are not entrapped at the source of the 
attractant, but instead the insect is subjected to a killing 
agent, which eliminates affected individuals from the 
population after a short period”. A classification of 
“attract and kill” devices and some commercially 
available examples are depicted in Table 1.

Table 1. Classification and commercially available 
products of attract and kill.

 

With the attract-and-kill technique applying large 
amounts of toxins to the environment is avoided, as 
target pests are specifically attracted to the device. This 
helps greatly reduce the quantity of toxics used and their 
negative effects on the natural fauna, pesticide residues 
in fruit, and environmental contamination. The key point 
for the success of this technique is to have powerful, 
specific attractants that enable high efficacies to be 
achieved with the minimum number of devices. In this 
article, a review of the attractants and devices used for 
attract-and-kill purposes is provided and the latest trials 
conducted with these devices are revised. 

Past and current devices

There are hundreds of attract-and-kill devices in different 
countries, including traps and bait stations. Traps have 
been used since the beginning of the 20th century. 
Among the first traps used against fruit flies there were 
glass invaginated devices, known as McPhail traps, which 
are heavy and fragile. Moreover, the attractants used 
were liquid, thus making them even heavier and large 
quantities of water needed to be transported to service 
all the traps. The most widely used attractants for these 
first traps were liquid protein baits, fruit juices, soaked 
rice bran or fermented molasses (Gómez-Clemente 
1929). Liquid attractants evaporate and traps become 
dry in less than 1-2 weeks during warm seasons, or 2 
months in colder seasons. Although additional 
substances were often employed to reduce evaporation 
the lifespan of liquid attractants seldom exceeded 3 
months. One key point in the development of the 
attract-and-kill technique has been accomplished with 
the identification of compounds emitted by previously 
described substances, such as protein baits or fish 
remains. These substances are food attractants and are, 
in some cases, attractants per se, but a blend of these 
substances at the right concentration and adequate 
release rates enhance attraction significantly. The 
mixture of ammonium acetate and trimethylamine 
(Heath et al, 1997 and Heath et al 2004) in the case of 
Ceratitis capitata, the mixture of ammonium salts and 
putrescine for Anastrepha species (Heath et al. 1995, 
Robacker et al. 1996, Thomas et al. 2008, Holler et al. 
2006), or ammonium salts for Bactrocera oleae (Broumas 
and Haniotakis G 1994), were the starting point for the 
development of new more powerful attractants.

The use of dry attractants based on ammonium salts or 
amines proved easy to handle and encouraged the 
development of new device designs. The trap efficacy of 
these new designs has been tested in several field trials 
(Epsky et al 1999, Gazit el at 1998, Navarro-Llopis et al 
2008) and the results showed that small modifications in 
the traps can produce substantial increases in efficacy. 
Overall tephritid flies are attracted to round shapes and 
colors from yellow to red (from 550 to 680 nm) 
(Bactrocera dorsalis, Wu et al. 2007; Bactrocera oleae 
Katsoyannos and Kouloussis 2001; Ceratitis capitata and 
Anastrepha fraterculus, Cytrynowicz et al. 1982). 
Preferred size is more variable and depends on tephritids 
species; e.g., Bactrocera oleae females prefer small to 
medium sizes objects of dark colors, whereas Anastrepha 

ludens females prefer larger objects of yellow color. The 
results of these studies are often rather controversial 
demonstrating varying responses to different colors and 
sizes, with some authors supporting the hypothesis that 
the contrast of the device against the background is the 
main visual cue (Brévault and Quilici 2007, Cornelius et 
al. 1999).

 

Figure 1. M3® attract and kill device (Biagro, Valencia, 
Spain). The device contains proteins and vegetable 
extracts as attractants and α-cypermethrin as a toxicant.

In the last decade, the development of bait stations has 
intensified rendering them a genuine alternative to mass 
trapping. The use of new devices, such as the M3® 
(Biagro, Valencia, Spain) (Picture 1) or Magnet MED® 
attract and kill device (Suterra LLC, Bend, USA) (Picture 
2), increases year after year and mass trapping systems 
are progressively becoming replaced by bait stations, 
mainly with the characteristics that will be highlighted in 
the next two points of this article.

Figure 2. Magnet MED® attract and kill device (Suterra 
LLC, Bend, USA). This device contains a 
trimethylamine-ammonium acetate attractant and the 
surface is coated with deltamethrin as insecticide.

Desirable characteristics of attract-and-kill devices

The use of more powerful attractants has helped reduce 
the density of devices required to control fruit flies. For 
example, when a 4% solution of ammonium 
bi-phosphate was used in Spain for the mass trapping of 
Ceratitis capitata, a density of around 100 traps per ha 
was employed (Alfaro-Lassala, personal communication). 
The devices used per se are also essential to obtain good 
efficacy. By changing only the design of the McPhail-type 
trap, catches can increase by 3-fold (Navarro-Llopis et al 
2008); therefore, using more efficient models can also 
reduce the density of traps. As a result, the improvement 
of attractants, from ammonium bi-phosphate to 
ammonium acetate and trimethylamine, and 
development of traps with new designs have allowed to 
reduce the density of required devices from 100 to 40-50 
per ha.  

Another desirable key attribute for attract-and-kill 
devices is that they are easy to use. Dry traps and bait 
stations are preferable to wet devices as liquid 
management is cumbersome due to weight and spillages. 
Moreover, devices should be convenient and economic 
to transport, easy to assemble in the field and 
inexpensive for the end user (farmers). The 
transportation of large traps is sometimes costly as they 
occupy large volumes, and some of them cannot be 
stacked together because of their design, which results in 
extra transport costs. Some other models require small 
parts to be assembled in the field or are cumbersome 
due to attractant placing, and result in high installation 
costs. Regarding easiness to assemble and expensiveness 
for farmers, many new designs, such as the Decis trap® 
from Bayer Crop Science (Valencia, Spain) (Picture 3) or 
Cone trap (Probodelt, Spain), have accomplished these 
characteristics, and we can now find several ready-to-use 
traps on the market that are fully assembled.
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Figure 3. Decis trap® from Bayer Crop Science (Valencia, 
Spain). The trap contains a food attractant based on 
ammonium acetate and aliphatic ammines. The trap lid is 
coated with deltamethrin.

Advantages and disadvantages of attract-and-kill 
devices

According to Navarro-Llopis et al. (2013), the main 
advantages of the lure-and-kill systems over mass 
trapping techniques include: (1) The reduced personnel 
cost required for their field deployment as lure-and-kill 
devices are sold preassembled, and no placing of the 
attractant or trap set-up is needed. (2) The lack of need 
for an expensive device that retains the flies. In fact, 
traps are supposed to be retrievable, thus their initial 
cost should pay off in several years; however, the cost of 
collecting and washing traps at the end of the season 
should also be taken into account. (3) Lure-and-kill 
devices do not became saturated with large number 
captured insects. This point is especially important when 
high fruit fly populations are present and relatively small 
traps are used for mass trapping. (4) Finally, another 
advantage of the lure-and-kill systems over certain mass 
trapping devices (dry traps) is that they do not require  
insecticides to be used as fumigants. The most widely 
used insecticides in dry traps are  dichlorvos (DDVP) and 
naled. However, these insecticides are now banned in 
the E.U. and in many countries in the Mediterranean 
basin, being replaced with contact insecticides, mainly 
pyrethrins, such as deltamethrin, lambda cyhalothrin or 
cypermethrin (Alemany et al 2004, Sancho-Sanchez 
2009, Tapia-Ramos et al 2012). In some cases, the design 
of existing traps has been modified to accommodate 
these contact insecticides. 

It can be claimed that a disadvantage of the 
attract-and-kill technique is its high cost. However, 
careful calculation of the costs involved suggests that 
these are comparable to insecticide treatments 
(Navarro-Llopis et al., 2013). The cost of purchase of 

devices in Europe is around 150 euros per ha and the cost 
for their deployment less than 10 euros per ha. On the 
other hand the cost for the most expensive insecticides 
(e.g. spinosad) is around 20 euros per ha per treatment, 
plus 10 euros for the personnel. This treatment should be 
repeated at least 4 or 5 times, thus bringing the cost 
involved at similar levels to attract-and-kill devices. 

The increasing use of these devices for attract-and-kill 
purposes has led to a scale economy that has reduced 
the cost of these devices. In Spain the cost of traps and 
female attractants for Ceratitis capitata has been cut by 
half in 10 years.  

Where to apply

For optimal performance, attract-and-kill systems should 
be applied in isolated or large areas, so as to reduce fruit 
fly intrusion from adjacent non-treated areas. It is 
intuitively obvious that the immigration of pests to a 
treated area prevents their effective suppression or 
eradication (Klassen 2005), which is the case of 
Tephritids given the high mobility of fruit flies. In order to 
achieve “Area-wide integrated pest management”, trials 
should be conducted over large or very isolated areas 
that would affect the whole population of this treated 
area during a long-term planned campaign (Klassen 
2005, Lindquist 2000). This is the ideal situation, but one 
that cannot always be applied if we take into account the 
fact that many farmers in the Mediterranean basin own 
small orchards. For this reason, the application of 
perimetral trapping to reinforce borders is a successful 
strategy (Cohen and Yuval, 2000) to implement the 
attract-and-kill strategy in medium-sized plots (0.5 to 5 
ha). The efficacy of his treatment is not clear in plots 
smaller than 0.5 ha, depending on the type of 
surrounding crops (presence of hosts), degree of 
isolation, and even the orientation or direction of the 
main winds. As a general rule, this methodology is not 
recommended for small plots where the perimeter 
represents the main part of the orchard. 

Density of devices

Regarding the joint trap plus attractant efficacy effect, 
the distance between traps can be determined by the 
effective attraction radius (EAR). The EAR represents the 
ratio of attractive and passive trap catches and it 
correlates positively with attractant strength, i.e., 
distance of attraction. This index is independent of insect 
density, locality or test duration (Byers et al. 1989). The 
EAR value for sticky panels baited with the commercial 
three-component lure (putrescine, ammonium acetate 
and trimethylamine) was established at 20 m for C. 
capitata by Peck and McQuate (2000). This result agrees 
with Leza et al. (2008) or Navarro-Llopis et al. (2013), 

who demonstrated that 50 mass trapping or 
attract-and-kill devices baited with ammonium acetate 
and trimethylamine dry dispensers prove more efficient 
to significantly reduce fruit damage at similar levels as 
weekly applications of insecticide. However, when using 
protein baits, the number of traps required was higher, 
as many as 200 traps per hectare are required (Alemany 
et al. 2004). In any case, recommended density did not 
guarantee the total protection of fruit against fruit fly, 
but the fly population and fruit damage reduced and only 
some support insecticide treatments were required.

The efficacy of combinations of traps and lures has been 
studied recently for economically important fruit flies: C. 
capitata (Gazit et al. 1998, Navarro-Llopis et al. 2008), 
Anastrepha spp. (Diaz-Fleischer et al. 2009), B. tryoni 
(Dominiak and Helen 2010), B. dorsalis (Cornelius et al. 
2000), and B. oleae (Broumas et al. 1994).

Application time

The main aim of the attract-and-kill technique is to 
suppress the fruit fly populations; the longer attractants 
are active in the field the greater the achievable 
suppression of a particular device. Replacement of 
attractants may be expensive but it might be necessary in 
some cases in order to cover a wider window of time to 
adequately control fruit fly populations. Wet traps using 
protein-based attractants or ammonium salts are the 
most sensitive to weather conditions and monthly 
replacement of the baits tends to be required. In 
contrast, dry attractants have longer life spans and can 
be used for as long as 4-6 months (Colas et al. 2012, 
Navarro-Llopis et al. 2013). For the Mediterranean fruit 
fly in the Mediterranean basin, mass trapping or bait 
stations are placed in the field at least one generation 
before fruit start ripening and they remain active for until 
4 months later when harvesting is completed. Therefore, 
for C. capitata attractants that last 4 months are required 
for an efficient mass-trapping strategy.

Efficacy

Efficacy assessments should be conducted to measure 
both fruit fly population reduction and fruit damage. 
However, many works in which fruit fly population 
reduction has been reported either do not include such 
data at all or include  rather poor data. Nevertheless, in 
several recent works the attract-and-kill technique has 
proven as effective as insecticide sprays against C. 
capitata in citrus orchards (Ben Jemaa et al.2010, Leza et 
al 2008, Navarro-Llopis et al 2013), or against the olive 
fruit fly (Haniotakis et al 1991, Broumas 2002). 

As previously mentioned, in contrast to the application of 
insecticides this methodology does not have an instant 

effect on the population. Therefore, monitoring fruit fly 
populations should be conducted when the 
attract-and-kill technique is applied in the field. 
Monitoring will help farmers to decide if a support 
insecticide treatment is required. Whether such a 
treatment is required depends on the sensitivity of the 
crop to fruit fly puncture and the ripening status. For 
example in Spanish citrus orchards, the upper threshold 
for insecticide treatment is 1 female per trap/day in a 
McPhail-type trap with an attractant mixture of 
ammonium acetate, trimethylamine and putrescine. This 
threshold has been established after more than 10 years 
of field trials being conducted in citrus crops, but it is 
completely empirical. No fruit damage over 1% is 
expected if the fruit fly population is maintained below 
this threshold during ripening. However this threshold 
should be establish for each crop, with each combination 
of trap and attractant.

As a concluding remark, the use of the attract-and-kill 
methods is increasing year after year as they are 
becoming affordable for growers and their efficacy has 
vastly improved. The development of new female 
attractants for other fruit fly species will expand the use 
of this pest management method. Although the 
attract-and-kill technique by itself is not always adequate 
to control a pest, the population reduction achieved 
enables the use of the sterile insect technique (SIT) in 
areas with high populations in which control is barely 
manageable by this method. Area-wide strategies that 
combine the use of attract-and-kill technique with SIT, 
timely application of insecticides and biological control 
agents are expected to obtain the best fruit fly control 
results.
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The term “attract-and-kill” encompasses all devices that 
attract target insects to a toxin. We find two different 
types of devices in this term, traps and bait stations. The 
main difference between them is that traps retain the 
flies, whereas bait stations refers only to devices that 
attract flies to the toxin. Bait stations are defined by 
Heath et al (2009) as discrete containers of attractants 
and toxins that attract the pest to the toxin, but in this 
case, the toxin can kill, sterilize (Navarro-Llopis et al 
2007) or infect the target insect (Maniania 2002). In the 
scientific literature we also find other definitions, such as 
the term “lure-and-kill” instead of “bait station”. El Sayed 
et al. (2009) define “lure and kill” as a device where 
“insects are not entrapped at the source of the 
attractant, but instead the insect is subjected to a killing 
agent, which eliminates affected individuals from the 
population after a short period”. A classification of 
“attract and kill” devices and some commercially 
available examples are depicted in Table 1.

Table 1. Classification and commercially available 
products of attract and kill.

 

With the attract-and-kill technique applying large 
amounts of toxins to the environment is avoided, as 
target pests are specifically attracted to the device. This 
helps greatly reduce the quantity of toxics used and their 
negative effects on the natural fauna, pesticide residues 
in fruit, and environmental contamination. The key point 
for the success of this technique is to have powerful, 
specific attractants that enable high efficacies to be 
achieved with the minimum number of devices. In this 
article, a review of the attractants and devices used for 
attract-and-kill purposes is provided and the latest trials 
conducted with these devices are revised. 

Past and current devices

There are hundreds of attract-and-kill devices in different 
countries, including traps and bait stations. Traps have 
been used since the beginning of the 20th century. 
Among the first traps used against fruit flies there were 
glass invaginated devices, known as McPhail traps, which 
are heavy and fragile. Moreover, the attractants used 
were liquid, thus making them even heavier and large 
quantities of water needed to be transported to service 
all the traps. The most widely used attractants for these 
first traps were liquid protein baits, fruit juices, soaked 
rice bran or fermented molasses (Gómez-Clemente 
1929). Liquid attractants evaporate and traps become 
dry in less than 1-2 weeks during warm seasons, or 2 
months in colder seasons. Although additional 
substances were often employed to reduce evaporation 
the lifespan of liquid attractants seldom exceeded 3 
months. One key point in the development of the 
attract-and-kill technique has been accomplished with 
the identification of compounds emitted by previously 
described substances, such as protein baits or fish 
remains. These substances are food attractants and are, 
in some cases, attractants per se, but a blend of these 
substances at the right concentration and adequate 
release rates enhance attraction significantly. The 
mixture of ammonium acetate and trimethylamine 
(Heath et al, 1997 and Heath et al 2004) in the case of 
Ceratitis capitata, the mixture of ammonium salts and 
putrescine for Anastrepha species (Heath et al. 1995, 
Robacker et al. 1996, Thomas et al. 2008, Holler et al. 
2006), or ammonium salts for Bactrocera oleae (Broumas 
and Haniotakis G 1994), were the starting point for the 
development of new more powerful attractants.

The use of dry attractants based on ammonium salts or 
amines proved easy to handle and encouraged the 
development of new device designs. The trap efficacy of 
these new designs has been tested in several field trials 
(Epsky et al 1999, Gazit el at 1998, Navarro-Llopis et al 
2008) and the results showed that small modifications in 
the traps can produce substantial increases in efficacy. 
Overall tephritid flies are attracted to round shapes and 
colors from yellow to red (from 550 to 680 nm) 
(Bactrocera dorsalis, Wu et al. 2007; Bactrocera oleae 
Katsoyannos and Kouloussis 2001; Ceratitis capitata and 
Anastrepha fraterculus, Cytrynowicz et al. 1982). 
Preferred size is more variable and depends on tephritids 
species; e.g., Bactrocera oleae females prefer small to 
medium sizes objects of dark colors, whereas Anastrepha 

ludens females prefer larger objects of yellow color. The 
results of these studies are often rather controversial 
demonstrating varying responses to different colors and 
sizes, with some authors supporting the hypothesis that 
the contrast of the device against the background is the 
main visual cue (Brévault and Quilici 2007, Cornelius et 
al. 1999).

 

Figure 1. M3® attract and kill device (Biagro, Valencia, 
Spain). The device contains proteins and vegetable 
extracts as attractants and α-cypermethrin as a toxicant.

In the last decade, the development of bait stations has 
intensified rendering them a genuine alternative to mass 
trapping. The use of new devices, such as the M3® 
(Biagro, Valencia, Spain) (Picture 1) or Magnet MED® 
attract and kill device (Suterra LLC, Bend, USA) (Picture 
2), increases year after year and mass trapping systems 
are progressively becoming replaced by bait stations, 
mainly with the characteristics that will be highlighted in 
the next two points of this article.

Figure 2. Magnet MED® attract and kill device (Suterra 
LLC, Bend, USA). This device contains a 
trimethylamine-ammonium acetate attractant and the 
surface is coated with deltamethrin as insecticide.

Desirable characteristics of attract-and-kill devices

The use of more powerful attractants has helped reduce 
the density of devices required to control fruit flies. For 
example, when a 4% solution of ammonium 
bi-phosphate was used in Spain for the mass trapping of 
Ceratitis capitata, a density of around 100 traps per ha 
was employed (Alfaro-Lassala, personal communication). 
The devices used per se are also essential to obtain good 
efficacy. By changing only the design of the McPhail-type 
trap, catches can increase by 3-fold (Navarro-Llopis et al 
2008); therefore, using more efficient models can also 
reduce the density of traps. As a result, the improvement 
of attractants, from ammonium bi-phosphate to 
ammonium acetate and trimethylamine, and 
development of traps with new designs have allowed to 
reduce the density of required devices from 100 to 40-50 
per ha.  

Another desirable key attribute for attract-and-kill 
devices is that they are easy to use. Dry traps and bait 
stations are preferable to wet devices as liquid 
management is cumbersome due to weight and spillages. 
Moreover, devices should be convenient and economic 
to transport, easy to assemble in the field and 
inexpensive for the end user (farmers). The 
transportation of large traps is sometimes costly as they 
occupy large volumes, and some of them cannot be 
stacked together because of their design, which results in 
extra transport costs. Some other models require small 
parts to be assembled in the field or are cumbersome 
due to attractant placing, and result in high installation 
costs. Regarding easiness to assemble and expensiveness 
for farmers, many new designs, such as the Decis trap® 
from Bayer Crop Science (Valencia, Spain) (Picture 3) or 
Cone trap (Probodelt, Spain), have accomplished these 
characteristics, and we can now find several ready-to-use 
traps on the market that are fully assembled.
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Figure 3. Decis trap® from Bayer Crop Science (Valencia, 
Spain). The trap contains a food attractant based on 
ammonium acetate and aliphatic ammines. The trap lid is 
coated with deltamethrin.

Advantages and disadvantages of attract-and-kill 
devices

According to Navarro-Llopis et al. (2013), the main 
advantages of the lure-and-kill systems over mass 
trapping techniques include: (1) The reduced personnel 
cost required for their field deployment as lure-and-kill 
devices are sold preassembled, and no placing of the 
attractant or trap set-up is needed. (2) The lack of need 
for an expensive device that retains the flies. In fact, 
traps are supposed to be retrievable, thus their initial 
cost should pay off in several years; however, the cost of 
collecting and washing traps at the end of the season 
should also be taken into account. (3) Lure-and-kill 
devices do not became saturated with large number 
captured insects. This point is especially important when 
high fruit fly populations are present and relatively small 
traps are used for mass trapping. (4) Finally, another 
advantage of the lure-and-kill systems over certain mass 
trapping devices (dry traps) is that they do not require  
insecticides to be used as fumigants. The most widely 
used insecticides in dry traps are  dichlorvos (DDVP) and 
naled. However, these insecticides are now banned in 
the E.U. and in many countries in the Mediterranean 
basin, being replaced with contact insecticides, mainly 
pyrethrins, such as deltamethrin, lambda cyhalothrin or 
cypermethrin (Alemany et al 2004, Sancho-Sanchez 
2009, Tapia-Ramos et al 2012). In some cases, the design 
of existing traps has been modified to accommodate 
these contact insecticides. 

It can be claimed that a disadvantage of the 
attract-and-kill technique is its high cost. However, 
careful calculation of the costs involved suggests that 
these are comparable to insecticide treatments 
(Navarro-Llopis et al., 2013). The cost of purchase of 

devices in Europe is around 150 euros per ha and the cost 
for their deployment less than 10 euros per ha. On the 
other hand the cost for the most expensive insecticides 
(e.g. spinosad) is around 20 euros per ha per treatment, 
plus 10 euros for the personnel. This treatment should be 
repeated at least 4 or 5 times, thus bringing the cost 
involved at similar levels to attract-and-kill devices. 

The increasing use of these devices for attract-and-kill 
purposes has led to a scale economy that has reduced 
the cost of these devices. In Spain the cost of traps and 
female attractants for Ceratitis capitata has been cut by 
half in 10 years.  

Where to apply

For optimal performance, attract-and-kill systems should 
be applied in isolated or large areas, so as to reduce fruit 
fly intrusion from adjacent non-treated areas. It is 
intuitively obvious that the immigration of pests to a 
treated area prevents their effective suppression or 
eradication (Klassen 2005), which is the case of 
Tephritids given the high mobility of fruit flies. In order to 
achieve “Area-wide integrated pest management”, trials 
should be conducted over large or very isolated areas 
that would affect the whole population of this treated 
area during a long-term planned campaign (Klassen 
2005, Lindquist 2000). This is the ideal situation, but one 
that cannot always be applied if we take into account the 
fact that many farmers in the Mediterranean basin own 
small orchards. For this reason, the application of 
perimetral trapping to reinforce borders is a successful 
strategy (Cohen and Yuval, 2000) to implement the 
attract-and-kill strategy in medium-sized plots (0.5 to 5 
ha). The efficacy of his treatment is not clear in plots 
smaller than 0.5 ha, depending on the type of 
surrounding crops (presence of hosts), degree of 
isolation, and even the orientation or direction of the 
main winds. As a general rule, this methodology is not 
recommended for small plots where the perimeter 
represents the main part of the orchard. 

Density of devices

Regarding the joint trap plus attractant efficacy effect, 
the distance between traps can be determined by the 
effective attraction radius (EAR). The EAR represents the 
ratio of attractive and passive trap catches and it 
correlates positively with attractant strength, i.e., 
distance of attraction. This index is independent of insect 
density, locality or test duration (Byers et al. 1989). The 
EAR value for sticky panels baited with the commercial 
three-component lure (putrescine, ammonium acetate 
and trimethylamine) was established at 20 m for C. 
capitata by Peck and McQuate (2000). This result agrees 
with Leza et al. (2008) or Navarro-Llopis et al. (2013), 

who demonstrated that 50 mass trapping or 
attract-and-kill devices baited with ammonium acetate 
and trimethylamine dry dispensers prove more efficient 
to significantly reduce fruit damage at similar levels as 
weekly applications of insecticide. However, when using 
protein baits, the number of traps required was higher, 
as many as 200 traps per hectare are required (Alemany 
et al. 2004). In any case, recommended density did not 
guarantee the total protection of fruit against fruit fly, 
but the fly population and fruit damage reduced and only 
some support insecticide treatments were required.

The efficacy of combinations of traps and lures has been 
studied recently for economically important fruit flies: C. 
capitata (Gazit et al. 1998, Navarro-Llopis et al. 2008), 
Anastrepha spp. (Diaz-Fleischer et al. 2009), B. tryoni 
(Dominiak and Helen 2010), B. dorsalis (Cornelius et al. 
2000), and B. oleae (Broumas et al. 1994).

Application time

The main aim of the attract-and-kill technique is to 
suppress the fruit fly populations; the longer attractants 
are active in the field the greater the achievable 
suppression of a particular device. Replacement of 
attractants may be expensive but it might be necessary in 
some cases in order to cover a wider window of time to 
adequately control fruit fly populations. Wet traps using 
protein-based attractants or ammonium salts are the 
most sensitive to weather conditions and monthly 
replacement of the baits tends to be required. In 
contrast, dry attractants have longer life spans and can 
be used for as long as 4-6 months (Colas et al. 2012, 
Navarro-Llopis et al. 2013). For the Mediterranean fruit 
fly in the Mediterranean basin, mass trapping or bait 
stations are placed in the field at least one generation 
before fruit start ripening and they remain active for until 
4 months later when harvesting is completed. Therefore, 
for C. capitata attractants that last 4 months are required 
for an efficient mass-trapping strategy.

Efficacy

Efficacy assessments should be conducted to measure 
both fruit fly population reduction and fruit damage. 
However, many works in which fruit fly population 
reduction has been reported either do not include such 
data at all or include  rather poor data. Nevertheless, in 
several recent works the attract-and-kill technique has 
proven as effective as insecticide sprays against C. 
capitata in citrus orchards (Ben Jemaa et al.2010, Leza et 
al 2008, Navarro-Llopis et al 2013), or against the olive 
fruit fly (Haniotakis et al 1991, Broumas 2002). 

As previously mentioned, in contrast to the application of 
insecticides this methodology does not have an instant 

effect on the population. Therefore, monitoring fruit fly 
populations should be conducted when the 
attract-and-kill technique is applied in the field. 
Monitoring will help farmers to decide if a support 
insecticide treatment is required. Whether such a 
treatment is required depends on the sensitivity of the 
crop to fruit fly puncture and the ripening status. For 
example in Spanish citrus orchards, the upper threshold 
for insecticide treatment is 1 female per trap/day in a 
McPhail-type trap with an attractant mixture of 
ammonium acetate, trimethylamine and putrescine. This 
threshold has been established after more than 10 years 
of field trials being conducted in citrus crops, but it is 
completely empirical. No fruit damage over 1% is 
expected if the fruit fly population is maintained below 
this threshold during ripening. However this threshold 
should be establish for each crop, with each combination 
of trap and attractant.

As a concluding remark, the use of the attract-and-kill 
methods is increasing year after year as they are 
becoming affordable for growers and their efficacy has 
vastly improved. The development of new female 
attractants for other fruit fly species will expand the use 
of this pest management method. Although the 
attract-and-kill technique by itself is not always adequate 
to control a pest, the population reduction achieved 
enables the use of the sterile insect technique (SIT) in 
areas with high populations in which control is barely 
manageable by this method. Area-wide strategies that 
combine the use of attract-and-kill technique with SIT, 
timely application of insecticides and biological control 
agents are expected to obtain the best fruit fly control 
results.
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The term “attract-and-kill” encompasses all devices that 
attract target insects to a toxin. We find two different 
types of devices in this term, traps and bait stations. The 
main difference between them is that traps retain the 
flies, whereas bait stations refers only to devices that 
attract flies to the toxin. Bait stations are defined by 
Heath et al (2009) as discrete containers of attractants 
and toxins that attract the pest to the toxin, but in this 
case, the toxin can kill, sterilize (Navarro-Llopis et al 
2007) or infect the target insect (Maniania 2002). In the 
scientific literature we also find other definitions, such as 
the term “lure-and-kill” instead of “bait station”. El Sayed 
et al. (2009) define “lure and kill” as a device where 
“insects are not entrapped at the source of the 
attractant, but instead the insect is subjected to a killing 
agent, which eliminates affected individuals from the 
population after a short period”. A classification of 
“attract and kill” devices and some commercially 
available examples are depicted in Table 1.

Table 1. Classification and commercially available 
products of attract and kill.

 

With the attract-and-kill technique applying large 
amounts of toxins to the environment is avoided, as 
target pests are specifically attracted to the device. This 
helps greatly reduce the quantity of toxics used and their 
negative effects on the natural fauna, pesticide residues 
in fruit, and environmental contamination. The key point 
for the success of this technique is to have powerful, 
specific attractants that enable high efficacies to be 
achieved with the minimum number of devices. In this 
article, a review of the attractants and devices used for 
attract-and-kill purposes is provided and the latest trials 
conducted with these devices are revised. 

Past and current devices

There are hundreds of attract-and-kill devices in different 
countries, including traps and bait stations. Traps have 
been used since the beginning of the 20th century. 
Among the first traps used against fruit flies there were 
glass invaginated devices, known as McPhail traps, which 
are heavy and fragile. Moreover, the attractants used 
were liquid, thus making them even heavier and large 
quantities of water needed to be transported to service 
all the traps. The most widely used attractants for these 
first traps were liquid protein baits, fruit juices, soaked 
rice bran or fermented molasses (Gómez-Clemente 
1929). Liquid attractants evaporate and traps become 
dry in less than 1-2 weeks during warm seasons, or 2 
months in colder seasons. Although additional 
substances were often employed to reduce evaporation 
the lifespan of liquid attractants seldom exceeded 3 
months. One key point in the development of the 
attract-and-kill technique has been accomplished with 
the identification of compounds emitted by previously 
described substances, such as protein baits or fish 
remains. These substances are food attractants and are, 
in some cases, attractants per se, but a blend of these 
substances at the right concentration and adequate 
release rates enhance attraction significantly. The 
mixture of ammonium acetate and trimethylamine 
(Heath et al, 1997 and Heath et al 2004) in the case of 
Ceratitis capitata, the mixture of ammonium salts and 
putrescine for Anastrepha species (Heath et al. 1995, 
Robacker et al. 1996, Thomas et al. 2008, Holler et al. 
2006), or ammonium salts for Bactrocera oleae (Broumas 
and Haniotakis G 1994), were the starting point for the 
development of new more powerful attractants.

The use of dry attractants based on ammonium salts or 
amines proved easy to handle and encouraged the 
development of new device designs. The trap efficacy of 
these new designs has been tested in several field trials 
(Epsky et al 1999, Gazit el at 1998, Navarro-Llopis et al 
2008) and the results showed that small modifications in 
the traps can produce substantial increases in efficacy. 
Overall tephritid flies are attracted to round shapes and 
colors from yellow to red (from 550 to 680 nm) 
(Bactrocera dorsalis, Wu et al. 2007; Bactrocera oleae 
Katsoyannos and Kouloussis 2001; Ceratitis capitata and 
Anastrepha fraterculus, Cytrynowicz et al. 1982). 
Preferred size is more variable and depends on tephritids 
species; e.g., Bactrocera oleae females prefer small to 
medium sizes objects of dark colors, whereas Anastrepha 

ludens females prefer larger objects of yellow color. The 
results of these studies are often rather controversial 
demonstrating varying responses to different colors and 
sizes, with some authors supporting the hypothesis that 
the contrast of the device against the background is the 
main visual cue (Brévault and Quilici 2007, Cornelius et 
al. 1999).

 

Figure 1. M3® attract and kill device (Biagro, Valencia, 
Spain). The device contains proteins and vegetable 
extracts as attractants and α-cypermethrin as a toxicant.

In the last decade, the development of bait stations has 
intensified rendering them a genuine alternative to mass 
trapping. The use of new devices, such as the M3® 
(Biagro, Valencia, Spain) (Picture 1) or Magnet MED® 
attract and kill device (Suterra LLC, Bend, USA) (Picture 
2), increases year after year and mass trapping systems 
are progressively becoming replaced by bait stations, 
mainly with the characteristics that will be highlighted in 
the next two points of this article.

Figure 2. Magnet MED® attract and kill device (Suterra 
LLC, Bend, USA). This device contains a 
trimethylamine-ammonium acetate attractant and the 
surface is coated with deltamethrin as insecticide.

Desirable characteristics of attract-and-kill devices

The use of more powerful attractants has helped reduce 
the density of devices required to control fruit flies. For 
example, when a 4% solution of ammonium 
bi-phosphate was used in Spain for the mass trapping of 
Ceratitis capitata, a density of around 100 traps per ha 
was employed (Alfaro-Lassala, personal communication). 
The devices used per se are also essential to obtain good 
efficacy. By changing only the design of the McPhail-type 
trap, catches can increase by 3-fold (Navarro-Llopis et al 
2008); therefore, using more efficient models can also 
reduce the density of traps. As a result, the improvement 
of attractants, from ammonium bi-phosphate to 
ammonium acetate and trimethylamine, and 
development of traps with new designs have allowed to 
reduce the density of required devices from 100 to 40-50 
per ha.  

Another desirable key attribute for attract-and-kill 
devices is that they are easy to use. Dry traps and bait 
stations are preferable to wet devices as liquid 
management is cumbersome due to weight and spillages. 
Moreover, devices should be convenient and economic 
to transport, easy to assemble in the field and 
inexpensive for the end user (farmers). The 
transportation of large traps is sometimes costly as they 
occupy large volumes, and some of them cannot be 
stacked together because of their design, which results in 
extra transport costs. Some other models require small 
parts to be assembled in the field or are cumbersome 
due to attractant placing, and result in high installation 
costs. Regarding easiness to assemble and expensiveness 
for farmers, many new designs, such as the Decis trap® 
from Bayer Crop Science (Valencia, Spain) (Picture 3) or 
Cone trap (Probodelt, Spain), have accomplished these 
characteristics, and we can now find several ready-to-use 
traps on the market that are fully assembled.

 

Figure 3. Decis trap® from Bayer Crop Science (Valencia, 
Spain). The trap contains a food attractant based on 
ammonium acetate and aliphatic ammines. The trap lid is 
coated with deltamethrin.

Advantages and disadvantages of attract-and-kill 
devices

According to Navarro-Llopis et al. (2013), the main 
advantages of the lure-and-kill systems over mass 
trapping techniques include: (1) The reduced personnel 
cost required for their field deployment as lure-and-kill 
devices are sold preassembled, and no placing of the 
attractant or trap set-up is needed. (2) The lack of need 
for an expensive device that retains the flies. In fact, 
traps are supposed to be retrievable, thus their initial 
cost should pay off in several years; however, the cost of 
collecting and washing traps at the end of the season 
should also be taken into account. (3) Lure-and-kill 
devices do not became saturated with large number 
captured insects. This point is especially important when 
high fruit fly populations are present and relatively small 
traps are used for mass trapping. (4) Finally, another 
advantage of the lure-and-kill systems over certain mass 
trapping devices (dry traps) is that they do not require  
insecticides to be used as fumigants. The most widely 
used insecticides in dry traps are  dichlorvos (DDVP) and 
naled. However, these insecticides are now banned in 
the E.U. and in many countries in the Mediterranean 
basin, being replaced with contact insecticides, mainly 
pyrethrins, such as deltamethrin, lambda cyhalothrin or 
cypermethrin (Alemany et al 2004, Sancho-Sanchez 
2009, Tapia-Ramos et al 2012). In some cases, the design 
of existing traps has been modified to accommodate 
these contact insecticides. 

It can be claimed that a disadvantage of the 
attract-and-kill technique is its high cost. However, 
careful calculation of the costs involved suggests that 
these are comparable to insecticide treatments 
(Navarro-Llopis et al., 2013). The cost of purchase of 

devices in Europe is around 150 euros per ha and the cost 
for their deployment less than 10 euros per ha. On the 
other hand the cost for the most expensive insecticides 
(e.g. spinosad) is around 20 euros per ha per treatment, 
plus 10 euros for the personnel. This treatment should be 
repeated at least 4 or 5 times, thus bringing the cost 
involved at similar levels to attract-and-kill devices. 

The increasing use of these devices for attract-and-kill 
purposes has led to a scale economy that has reduced 
the cost of these devices. In Spain the cost of traps and 
female attractants for Ceratitis capitata has been cut by 
half in 10 years.  

Where to apply

For optimal performance, attract-and-kill systems should 
be applied in isolated or large areas, so as to reduce fruit 
fly intrusion from adjacent non-treated areas. It is 
intuitively obvious that the immigration of pests to a 
treated area prevents their effective suppression or 
eradication (Klassen 2005), which is the case of 
Tephritids given the high mobility of fruit flies. In order to 
achieve “Area-wide integrated pest management”, trials 
should be conducted over large or very isolated areas 
that would affect the whole population of this treated 
area during a long-term planned campaign (Klassen 
2005, Lindquist 2000). This is the ideal situation, but one 
that cannot always be applied if we take into account the 
fact that many farmers in the Mediterranean basin own 
small orchards. For this reason, the application of 
perimetral trapping to reinforce borders is a successful 
strategy (Cohen and Yuval, 2000) to implement the 
attract-and-kill strategy in medium-sized plots (0.5 to 5 
ha). The efficacy of his treatment is not clear in plots 
smaller than 0.5 ha, depending on the type of 
surrounding crops (presence of hosts), degree of 
isolation, and even the orientation or direction of the 
main winds. As a general rule, this methodology is not 
recommended for small plots where the perimeter 
represents the main part of the orchard. 

Density of devices

Regarding the joint trap plus attractant efficacy effect, 
the distance between traps can be determined by the 
effective attraction radius (EAR). The EAR represents the 
ratio of attractive and passive trap catches and it 
correlates positively with attractant strength, i.e., 
distance of attraction. This index is independent of insect 
density, locality or test duration (Byers et al. 1989). The 
EAR value for sticky panels baited with the commercial 
three-component lure (putrescine, ammonium acetate 
and trimethylamine) was established at 20 m for C. 
capitata by Peck and McQuate (2000). This result agrees 
with Leza et al. (2008) or Navarro-Llopis et al. (2013), 

who demonstrated that 50 mass trapping or 
attract-and-kill devices baited with ammonium acetate 
and trimethylamine dry dispensers prove more efficient 
to significantly reduce fruit damage at similar levels as 
weekly applications of insecticide. However, when using 
protein baits, the number of traps required was higher, 
as many as 200 traps per hectare are required (Alemany 
et al. 2004). In any case, recommended density did not 
guarantee the total protection of fruit against fruit fly, 
but the fly population and fruit damage reduced and only 
some support insecticide treatments were required.

The efficacy of combinations of traps and lures has been 
studied recently for economically important fruit flies: C. 
capitata (Gazit et al. 1998, Navarro-Llopis et al. 2008), 
Anastrepha spp. (Diaz-Fleischer et al. 2009), B. tryoni 
(Dominiak and Helen 2010), B. dorsalis (Cornelius et al. 
2000), and B. oleae (Broumas et al. 1994).

Application time

The main aim of the attract-and-kill technique is to 
suppress the fruit fly populations; the longer attractants 
are active in the field the greater the achievable 
suppression of a particular device. Replacement of 
attractants may be expensive but it might be necessary in 
some cases in order to cover a wider window of time to 
adequately control fruit fly populations. Wet traps using 
protein-based attractants or ammonium salts are the 
most sensitive to weather conditions and monthly 
replacement of the baits tends to be required. In 
contrast, dry attractants have longer life spans and can 
be used for as long as 4-6 months (Colas et al. 2012, 
Navarro-Llopis et al. 2013). For the Mediterranean fruit 
fly in the Mediterranean basin, mass trapping or bait 
stations are placed in the field at least one generation 
before fruit start ripening and they remain active for until 
4 months later when harvesting is completed. Therefore, 
for C. capitata attractants that last 4 months are required 
for an efficient mass-trapping strategy.

Efficacy

Efficacy assessments should be conducted to measure 
both fruit fly population reduction and fruit damage. 
However, many works in which fruit fly population 
reduction has been reported either do not include such 
data at all or include  rather poor data. Nevertheless, in 
several recent works the attract-and-kill technique has 
proven as effective as insecticide sprays against C. 
capitata in citrus orchards (Ben Jemaa et al.2010, Leza et 
al 2008, Navarro-Llopis et al 2013), or against the olive 
fruit fly (Haniotakis et al 1991, Broumas 2002). 

As previously mentioned, in contrast to the application of 
insecticides this methodology does not have an instant 

effect on the population. Therefore, monitoring fruit fly 
populations should be conducted when the 
attract-and-kill technique is applied in the field. 
Monitoring will help farmers to decide if a support 
insecticide treatment is required. Whether such a 
treatment is required depends on the sensitivity of the 
crop to fruit fly puncture and the ripening status. For 
example in Spanish citrus orchards, the upper threshold 
for insecticide treatment is 1 female per trap/day in a 
McPhail-type trap with an attractant mixture of 
ammonium acetate, trimethylamine and putrescine. This 
threshold has been established after more than 10 years 
of field trials being conducted in citrus crops, but it is 
completely empirical. No fruit damage over 1% is 
expected if the fruit fly population is maintained below 
this threshold during ripening. However this threshold 
should be establish for each crop, with each combination 
of trap and attractant.

As a concluding remark, the use of the attract-and-kill 
methods is increasing year after year as they are 
becoming affordable for growers and their efficacy has 
vastly improved. The development of new female 
attractants for other fruit fly species will expand the use 
of this pest management method. Although the 
attract-and-kill technique by itself is not always adequate 
to control a pest, the population reduction achieved 
enables the use of the sterile insect technique (SIT) in 
areas with high populations in which control is barely 
manageable by this method. Area-wide strategies that 
combine the use of attract-and-kill technique with SIT, 
timely application of insecticides and biological control 
agents are expected to obtain the best fruit fly control 
results.
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The term “attract-and-kill” encompasses all devices that 
attract target insects to a toxin. We find two different 
types of devices in this term, traps and bait stations. The 
main difference between them is that traps retain the 
flies, whereas bait stations refers only to devices that 
attract flies to the toxin. Bait stations are defined by 
Heath et al (2009) as discrete containers of attractants 
and toxins that attract the pest to the toxin, but in this 
case, the toxin can kill, sterilize (Navarro-Llopis et al 
2007) or infect the target insect (Maniania 2002). In the 
scientific literature we also find other definitions, such as 
the term “lure-and-kill” instead of “bait station”. El Sayed 
et al. (2009) define “lure and kill” as a device where 
“insects are not entrapped at the source of the 
attractant, but instead the insect is subjected to a killing 
agent, which eliminates affected individuals from the 
population after a short period”. A classification of 
“attract and kill” devices and some commercially 
available examples are depicted in Table 1.

Table 1. Classification and commercially available 
products of attract and kill.

 

With the attract-and-kill technique applying large 
amounts of toxins to the environment is avoided, as 
target pests are specifically attracted to the device. This 
helps greatly reduce the quantity of toxics used and their 
negative effects on the natural fauna, pesticide residues 
in fruit, and environmental contamination. The key point 
for the success of this technique is to have powerful, 
specific attractants that enable high efficacies to be 
achieved with the minimum number of devices. In this 
article, a review of the attractants and devices used for 
attract-and-kill purposes is provided and the latest trials 
conducted with these devices are revised. 

Past and current devices

There are hundreds of attract-and-kill devices in different 
countries, including traps and bait stations. Traps have 
been used since the beginning of the 20th century. 
Among the first traps used against fruit flies there were 
glass invaginated devices, known as McPhail traps, which 
are heavy and fragile. Moreover, the attractants used 
were liquid, thus making them even heavier and large 
quantities of water needed to be transported to service 
all the traps. The most widely used attractants for these 
first traps were liquid protein baits, fruit juices, soaked 
rice bran or fermented molasses (Gómez-Clemente 
1929). Liquid attractants evaporate and traps become 
dry in less than 1-2 weeks during warm seasons, or 2 
months in colder seasons. Although additional 
substances were often employed to reduce evaporation 
the lifespan of liquid attractants seldom exceeded 3 
months. One key point in the development of the 
attract-and-kill technique has been accomplished with 
the identification of compounds emitted by previously 
described substances, such as protein baits or fish 
remains. These substances are food attractants and are, 
in some cases, attractants per se, but a blend of these 
substances at the right concentration and adequate 
release rates enhance attraction significantly. The 
mixture of ammonium acetate and trimethylamine 
(Heath et al, 1997 and Heath et al 2004) in the case of 
Ceratitis capitata, the mixture of ammonium salts and 
putrescine for Anastrepha species (Heath et al. 1995, 
Robacker et al. 1996, Thomas et al. 2008, Holler et al. 
2006), or ammonium salts for Bactrocera oleae (Broumas 
and Haniotakis G 1994), were the starting point for the 
development of new more powerful attractants.

The use of dry attractants based on ammonium salts or 
amines proved easy to handle and encouraged the 
development of new device designs. The trap efficacy of 
these new designs has been tested in several field trials 
(Epsky et al 1999, Gazit el at 1998, Navarro-Llopis et al 
2008) and the results showed that small modifications in 
the traps can produce substantial increases in efficacy. 
Overall tephritid flies are attracted to round shapes and 
colors from yellow to red (from 550 to 680 nm) 
(Bactrocera dorsalis, Wu et al. 2007; Bactrocera oleae 
Katsoyannos and Kouloussis 2001; Ceratitis capitata and 
Anastrepha fraterculus, Cytrynowicz et al. 1982). 
Preferred size is more variable and depends on tephritids 
species; e.g., Bactrocera oleae females prefer small to 
medium sizes objects of dark colors, whereas Anastrepha 

ludens females prefer larger objects of yellow color. The 
results of these studies are often rather controversial 
demonstrating varying responses to different colors and 
sizes, with some authors supporting the hypothesis that 
the contrast of the device against the background is the 
main visual cue (Brévault and Quilici 2007, Cornelius et 
al. 1999).

 

Figure 1. M3® attract and kill device (Biagro, Valencia, 
Spain). The device contains proteins and vegetable 
extracts as attractants and α-cypermethrin as a toxicant.

In the last decade, the development of bait stations has 
intensified rendering them a genuine alternative to mass 
trapping. The use of new devices, such as the M3® 
(Biagro, Valencia, Spain) (Picture 1) or Magnet MED® 
attract and kill device (Suterra LLC, Bend, USA) (Picture 
2), increases year after year and mass trapping systems 
are progressively becoming replaced by bait stations, 
mainly with the characteristics that will be highlighted in 
the next two points of this article.

Figure 2. Magnet MED® attract and kill device (Suterra 
LLC, Bend, USA). This device contains a 
trimethylamine-ammonium acetate attractant and the 
surface is coated with deltamethrin as insecticide.

Desirable characteristics of attract-and-kill devices

The use of more powerful attractants has helped reduce 
the density of devices required to control fruit flies. For 
example, when a 4% solution of ammonium 
bi-phosphate was used in Spain for the mass trapping of 
Ceratitis capitata, a density of around 100 traps per ha 
was employed (Alfaro-Lassala, personal communication). 
The devices used per se are also essential to obtain good 
efficacy. By changing only the design of the McPhail-type 
trap, catches can increase by 3-fold (Navarro-Llopis et al 
2008); therefore, using more efficient models can also 
reduce the density of traps. As a result, the improvement 
of attractants, from ammonium bi-phosphate to 
ammonium acetate and trimethylamine, and 
development of traps with new designs have allowed to 
reduce the density of required devices from 100 to 40-50 
per ha.  

Another desirable key attribute for attract-and-kill 
devices is that they are easy to use. Dry traps and bait 
stations are preferable to wet devices as liquid 
management is cumbersome due to weight and spillages. 
Moreover, devices should be convenient and economic 
to transport, easy to assemble in the field and 
inexpensive for the end user (farmers). The 
transportation of large traps is sometimes costly as they 
occupy large volumes, and some of them cannot be 
stacked together because of their design, which results in 
extra transport costs. Some other models require small 
parts to be assembled in the field or are cumbersome 
due to attractant placing, and result in high installation 
costs. Regarding easiness to assemble and expensiveness 
for farmers, many new designs, such as the Decis trap® 
from Bayer Crop Science (Valencia, Spain) (Picture 3) or 
Cone trap (Probodelt, Spain), have accomplished these 
characteristics, and we can now find several ready-to-use 
traps on the market that are fully assembled.

 

Figure 3. Decis trap® from Bayer Crop Science (Valencia, 
Spain). The trap contains a food attractant based on 
ammonium acetate and aliphatic ammines. The trap lid is 
coated with deltamethrin.

Advantages and disadvantages of attract-and-kill 
devices

According to Navarro-Llopis et al. (2013), the main 
advantages of the lure-and-kill systems over mass 
trapping techniques include: (1) The reduced personnel 
cost required for their field deployment as lure-and-kill 
devices are sold preassembled, and no placing of the 
attractant or trap set-up is needed. (2) The lack of need 
for an expensive device that retains the flies. In fact, 
traps are supposed to be retrievable, thus their initial 
cost should pay off in several years; however, the cost of 
collecting and washing traps at the end of the season 
should also be taken into account. (3) Lure-and-kill 
devices do not became saturated with large number 
captured insects. This point is especially important when 
high fruit fly populations are present and relatively small 
traps are used for mass trapping. (4) Finally, another 
advantage of the lure-and-kill systems over certain mass 
trapping devices (dry traps) is that they do not require  
insecticides to be used as fumigants. The most widely 
used insecticides in dry traps are  dichlorvos (DDVP) and 
naled. However, these insecticides are now banned in 
the E.U. and in many countries in the Mediterranean 
basin, being replaced with contact insecticides, mainly 
pyrethrins, such as deltamethrin, lambda cyhalothrin or 
cypermethrin (Alemany et al 2004, Sancho-Sanchez 
2009, Tapia-Ramos et al 2012). In some cases, the design 
of existing traps has been modified to accommodate 
these contact insecticides. 

It can be claimed that a disadvantage of the 
attract-and-kill technique is its high cost. However, 
careful calculation of the costs involved suggests that 
these are comparable to insecticide treatments 
(Navarro-Llopis et al., 2013). The cost of purchase of 

devices in Europe is around 150 euros per ha and the cost 
for their deployment less than 10 euros per ha. On the 
other hand the cost for the most expensive insecticides 
(e.g. spinosad) is around 20 euros per ha per treatment, 
plus 10 euros for the personnel. This treatment should be 
repeated at least 4 or 5 times, thus bringing the cost 
involved at similar levels to attract-and-kill devices. 

The increasing use of these devices for attract-and-kill 
purposes has led to a scale economy that has reduced 
the cost of these devices. In Spain the cost of traps and 
female attractants for Ceratitis capitata has been cut by 
half in 10 years.  

Where to apply

For optimal performance, attract-and-kill systems should 
be applied in isolated or large areas, so as to reduce fruit 
fly intrusion from adjacent non-treated areas. It is 
intuitively obvious that the immigration of pests to a 
treated area prevents their effective suppression or 
eradication (Klassen 2005), which is the case of 
Tephritids given the high mobility of fruit flies. In order to 
achieve “Area-wide integrated pest management”, trials 
should be conducted over large or very isolated areas 
that would affect the whole population of this treated 
area during a long-term planned campaign (Klassen 
2005, Lindquist 2000). This is the ideal situation, but one 
that cannot always be applied if we take into account the 
fact that many farmers in the Mediterranean basin own 
small orchards. For this reason, the application of 
perimetral trapping to reinforce borders is a successful 
strategy (Cohen and Yuval, 2000) to implement the 
attract-and-kill strategy in medium-sized plots (0.5 to 5 
ha). The efficacy of his treatment is not clear in plots 
smaller than 0.5 ha, depending on the type of 
surrounding crops (presence of hosts), degree of 
isolation, and even the orientation or direction of the 
main winds. As a general rule, this methodology is not 
recommended for small plots where the perimeter 
represents the main part of the orchard. 

Density of devices

Regarding the joint trap plus attractant efficacy effect, 
the distance between traps can be determined by the 
effective attraction radius (EAR). The EAR represents the 
ratio of attractive and passive trap catches and it 
correlates positively with attractant strength, i.e., 
distance of attraction. This index is independent of insect 
density, locality or test duration (Byers et al. 1989). The 
EAR value for sticky panels baited with the commercial 
three-component lure (putrescine, ammonium acetate 
and trimethylamine) was established at 20 m for C. 
capitata by Peck and McQuate (2000). This result agrees 
with Leza et al. (2008) or Navarro-Llopis et al. (2013), 

who demonstrated that 50 mass trapping or 
attract-and-kill devices baited with ammonium acetate 
and trimethylamine dry dispensers prove more efficient 
to significantly reduce fruit damage at similar levels as 
weekly applications of insecticide. However, when using 
protein baits, the number of traps required was higher, 
as many as 200 traps per hectare are required (Alemany 
et al. 2004). In any case, recommended density did not 
guarantee the total protection of fruit against fruit fly, 
but the fly population and fruit damage reduced and only 
some support insecticide treatments were required.

The efficacy of combinations of traps and lures has been 
studied recently for economically important fruit flies: C. 
capitata (Gazit et al. 1998, Navarro-Llopis et al. 2008), 
Anastrepha spp. (Diaz-Fleischer et al. 2009), B. tryoni 
(Dominiak and Helen 2010), B. dorsalis (Cornelius et al. 
2000), and B. oleae (Broumas et al. 1994).

Application time

The main aim of the attract-and-kill technique is to 
suppress the fruit fly populations; the longer attractants 
are active in the field the greater the achievable 
suppression of a particular device. Replacement of 
attractants may be expensive but it might be necessary in 
some cases in order to cover a wider window of time to 
adequately control fruit fly populations. Wet traps using 
protein-based attractants or ammonium salts are the 
most sensitive to weather conditions and monthly 
replacement of the baits tends to be required. In 
contrast, dry attractants have longer life spans and can 
be used for as long as 4-6 months (Colas et al. 2012, 
Navarro-Llopis et al. 2013). For the Mediterranean fruit 
fly in the Mediterranean basin, mass trapping or bait 
stations are placed in the field at least one generation 
before fruit start ripening and they remain active for until 
4 months later when harvesting is completed. Therefore, 
for C. capitata attractants that last 4 months are required 
for an efficient mass-trapping strategy.

Efficacy

Efficacy assessments should be conducted to measure 
both fruit fly population reduction and fruit damage. 
However, many works in which fruit fly population 
reduction has been reported either do not include such 
data at all or include  rather poor data. Nevertheless, in 
several recent works the attract-and-kill technique has 
proven as effective as insecticide sprays against C. 
capitata in citrus orchards (Ben Jemaa et al.2010, Leza et 
al 2008, Navarro-Llopis et al 2013), or against the olive 
fruit fly (Haniotakis et al 1991, Broumas 2002). 

As previously mentioned, in contrast to the application of 
insecticides this methodology does not have an instant 

effect on the population. Therefore, monitoring fruit fly 
populations should be conducted when the 
attract-and-kill technique is applied in the field. 
Monitoring will help farmers to decide if a support 
insecticide treatment is required. Whether such a 
treatment is required depends on the sensitivity of the 
crop to fruit fly puncture and the ripening status. For 
example in Spanish citrus orchards, the upper threshold 
for insecticide treatment is 1 female per trap/day in a 
McPhail-type trap with an attractant mixture of 
ammonium acetate, trimethylamine and putrescine. This 
threshold has been established after more than 10 years 
of field trials being conducted in citrus crops, but it is 
completely empirical. No fruit damage over 1% is 
expected if the fruit fly population is maintained below 
this threshold during ripening. However this threshold 
should be establish for each crop, with each combination 
of trap and attractant.

As a concluding remark, the use of the attract-and-kill 
methods is increasing year after year as they are 
becoming affordable for growers and their efficacy has 
vastly improved. The development of new female 
attractants for other fruit fly species will expand the use 
of this pest management method. Although the 
attract-and-kill technique by itself is not always adequate 
to control a pest, the population reduction achieved 
enables the use of the sterile insect technique (SIT) in 
areas with high populations in which control is barely 
manageable by this method. Area-wide strategies that 
combine the use of attract-and-kill technique with SIT, 
timely application of insecticides and biological control 
agents are expected to obtain the best fruit fly control 
results.
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The term “attract-and-kill” encompasses all devices that 
attract target insects to a toxin. We find two different 
types of devices in this term, traps and bait stations. The 
main difference between them is that traps retain the 
flies, whereas bait stations refers only to devices that 
attract flies to the toxin. Bait stations are defined by 
Heath et al (2009) as discrete containers of attractants 
and toxins that attract the pest to the toxin, but in this 
case, the toxin can kill, sterilize (Navarro-Llopis et al 
2007) or infect the target insect (Maniania 2002). In the 
scientific literature we also find other definitions, such as 
the term “lure-and-kill” instead of “bait station”. El Sayed 
et al. (2009) define “lure and kill” as a device where 
“insects are not entrapped at the source of the 
attractant, but instead the insect is subjected to a killing 
agent, which eliminates affected individuals from the 
population after a short period”. A classification of 
“attract and kill” devices and some commercially 
available examples are depicted in Table 1.

Table 1. Classification and commercially available 
products of attract and kill.

 

With the attract-and-kill technique applying large 
amounts of toxins to the environment is avoided, as 
target pests are specifically attracted to the device. This 
helps greatly reduce the quantity of toxics used and their 
negative effects on the natural fauna, pesticide residues 
in fruit, and environmental contamination. The key point 
for the success of this technique is to have powerful, 
specific attractants that enable high efficacies to be 
achieved with the minimum number of devices. In this 
article, a review of the attractants and devices used for 
attract-and-kill purposes is provided and the latest trials 
conducted with these devices are revised. 

Past and current devices

There are hundreds of attract-and-kill devices in different 
countries, including traps and bait stations. Traps have 
been used since the beginning of the 20th century. 
Among the first traps used against fruit flies there were 
glass invaginated devices, known as McPhail traps, which 
are heavy and fragile. Moreover, the attractants used 
were liquid, thus making them even heavier and large 
quantities of water needed to be transported to service 
all the traps. The most widely used attractants for these 
first traps were liquid protein baits, fruit juices, soaked 
rice bran or fermented molasses (Gómez-Clemente 
1929). Liquid attractants evaporate and traps become 
dry in less than 1-2 weeks during warm seasons, or 2 
months in colder seasons. Although additional 
substances were often employed to reduce evaporation 
the lifespan of liquid attractants seldom exceeded 3 
months. One key point in the development of the 
attract-and-kill technique has been accomplished with 
the identification of compounds emitted by previously 
described substances, such as protein baits or fish 
remains. These substances are food attractants and are, 
in some cases, attractants per se, but a blend of these 
substances at the right concentration and adequate 
release rates enhance attraction significantly. The 
mixture of ammonium acetate and trimethylamine 
(Heath et al, 1997 and Heath et al 2004) in the case of 
Ceratitis capitata, the mixture of ammonium salts and 
putrescine for Anastrepha species (Heath et al. 1995, 
Robacker et al. 1996, Thomas et al. 2008, Holler et al. 
2006), or ammonium salts for Bactrocera oleae (Broumas 
and Haniotakis G 1994), were the starting point for the 
development of new more powerful attractants.

The use of dry attractants based on ammonium salts or 
amines proved easy to handle and encouraged the 
development of new device designs. The trap efficacy of 
these new designs has been tested in several field trials 
(Epsky et al 1999, Gazit el at 1998, Navarro-Llopis et al 
2008) and the results showed that small modifications in 
the traps can produce substantial increases in efficacy. 
Overall tephritid flies are attracted to round shapes and 
colors from yellow to red (from 550 to 680 nm) 
(Bactrocera dorsalis, Wu et al. 2007; Bactrocera oleae 
Katsoyannos and Kouloussis 2001; Ceratitis capitata and 
Anastrepha fraterculus, Cytrynowicz et al. 1982). 
Preferred size is more variable and depends on tephritids 
species; e.g., Bactrocera oleae females prefer small to 
medium sizes objects of dark colors, whereas Anastrepha 

ludens females prefer larger objects of yellow color. The 
results of these studies are often rather controversial 
demonstrating varying responses to different colors and 
sizes, with some authors supporting the hypothesis that 
the contrast of the device against the background is the 
main visual cue (Brévault and Quilici 2007, Cornelius et 
al. 1999).

 

Figure 1. M3® attract and kill device (Biagro, Valencia, 
Spain). The device contains proteins and vegetable 
extracts as attractants and α-cypermethrin as a toxicant.

In the last decade, the development of bait stations has 
intensified rendering them a genuine alternative to mass 
trapping. The use of new devices, such as the M3® 
(Biagro, Valencia, Spain) (Picture 1) or Magnet MED® 
attract and kill device (Suterra LLC, Bend, USA) (Picture 
2), increases year after year and mass trapping systems 
are progressively becoming replaced by bait stations, 
mainly with the characteristics that will be highlighted in 
the next two points of this article.

Figure 2. Magnet MED® attract and kill device (Suterra 
LLC, Bend, USA). This device contains a 
trimethylamine-ammonium acetate attractant and the 
surface is coated with deltamethrin as insecticide.

Desirable characteristics of attract-and-kill devices

The use of more powerful attractants has helped reduce 
the density of devices required to control fruit flies. For 
example, when a 4% solution of ammonium 
bi-phosphate was used in Spain for the mass trapping of 
Ceratitis capitata, a density of around 100 traps per ha 
was employed (Alfaro-Lassala, personal communication). 
The devices used per se are also essential to obtain good 
efficacy. By changing only the design of the McPhail-type 
trap, catches can increase by 3-fold (Navarro-Llopis et al 
2008); therefore, using more efficient models can also 
reduce the density of traps. As a result, the improvement 
of attractants, from ammonium bi-phosphate to 
ammonium acetate and trimethylamine, and 
development of traps with new designs have allowed to 
reduce the density of required devices from 100 to 40-50 
per ha.  

Another desirable key attribute for attract-and-kill 
devices is that they are easy to use. Dry traps and bait 
stations are preferable to wet devices as liquid 
management is cumbersome due to weight and spillages. 
Moreover, devices should be convenient and economic 
to transport, easy to assemble in the field and 
inexpensive for the end user (farmers). The 
transportation of large traps is sometimes costly as they 
occupy large volumes, and some of them cannot be 
stacked together because of their design, which results in 
extra transport costs. Some other models require small 
parts to be assembled in the field or are cumbersome 
due to attractant placing, and result in high installation 
costs. Regarding easiness to assemble and expensiveness 
for farmers, many new designs, such as the Decis trap® 
from Bayer Crop Science (Valencia, Spain) (Picture 3) or 
Cone trap (Probodelt, Spain), have accomplished these 
characteristics, and we can now find several ready-to-use 
traps on the market that are fully assembled.

 

Figure 3. Decis trap® from Bayer Crop Science (Valencia, 
Spain). The trap contains a food attractant based on 
ammonium acetate and aliphatic ammines. The trap lid is 
coated with deltamethrin.

Advantages and disadvantages of attract-and-kill 
devices

According to Navarro-Llopis et al. (2013), the main 
advantages of the lure-and-kill systems over mass 
trapping techniques include: (1) The reduced personnel 
cost required for their field deployment as lure-and-kill 
devices are sold preassembled, and no placing of the 
attractant or trap set-up is needed. (2) The lack of need 
for an expensive device that retains the flies. In fact, 
traps are supposed to be retrievable, thus their initial 
cost should pay off in several years; however, the cost of 
collecting and washing traps at the end of the season 
should also be taken into account. (3) Lure-and-kill 
devices do not became saturated with large number 
captured insects. This point is especially important when 
high fruit fly populations are present and relatively small 
traps are used for mass trapping. (4) Finally, another 
advantage of the lure-and-kill systems over certain mass 
trapping devices (dry traps) is that they do not require  
insecticides to be used as fumigants. The most widely 
used insecticides in dry traps are  dichlorvos (DDVP) and 
naled. However, these insecticides are now banned in 
the E.U. and in many countries in the Mediterranean 
basin, being replaced with contact insecticides, mainly 
pyrethrins, such as deltamethrin, lambda cyhalothrin or 
cypermethrin (Alemany et al 2004, Sancho-Sanchez 
2009, Tapia-Ramos et al 2012). In some cases, the design 
of existing traps has been modified to accommodate 
these contact insecticides. 

It can be claimed that a disadvantage of the 
attract-and-kill technique is its high cost. However, 
careful calculation of the costs involved suggests that 
these are comparable to insecticide treatments 
(Navarro-Llopis et al., 2013). The cost of purchase of 

devices in Europe is around 150 euros per ha and the cost 
for their deployment less than 10 euros per ha. On the 
other hand the cost for the most expensive insecticides 
(e.g. spinosad) is around 20 euros per ha per treatment, 
plus 10 euros for the personnel. This treatment should be 
repeated at least 4 or 5 times, thus bringing the cost 
involved at similar levels to attract-and-kill devices. 

The increasing use of these devices for attract-and-kill 
purposes has led to a scale economy that has reduced 
the cost of these devices. In Spain the cost of traps and 
female attractants for Ceratitis capitata has been cut by 
half in 10 years.  

Where to apply

For optimal performance, attract-and-kill systems should 
be applied in isolated or large areas, so as to reduce fruit 
fly intrusion from adjacent non-treated areas. It is 
intuitively obvious that the immigration of pests to a 
treated area prevents their effective suppression or 
eradication (Klassen 2005), which is the case of 
Tephritids given the high mobility of fruit flies. In order to 
achieve “Area-wide integrated pest management”, trials 
should be conducted over large or very isolated areas 
that would affect the whole population of this treated 
area during a long-term planned campaign (Klassen 
2005, Lindquist 2000). This is the ideal situation, but one 
that cannot always be applied if we take into account the 
fact that many farmers in the Mediterranean basin own 
small orchards. For this reason, the application of 
perimetral trapping to reinforce borders is a successful 
strategy (Cohen and Yuval, 2000) to implement the 
attract-and-kill strategy in medium-sized plots (0.5 to 5 
ha). The efficacy of his treatment is not clear in plots 
smaller than 0.5 ha, depending on the type of 
surrounding crops (presence of hosts), degree of 
isolation, and even the orientation or direction of the 
main winds. As a general rule, this methodology is not 
recommended for small plots where the perimeter 
represents the main part of the orchard. 

Density of devices

Regarding the joint trap plus attractant efficacy effect, 
the distance between traps can be determined by the 
effective attraction radius (EAR). The EAR represents the 
ratio of attractive and passive trap catches and it 
correlates positively with attractant strength, i.e., 
distance of attraction. This index is independent of insect 
density, locality or test duration (Byers et al. 1989). The 
EAR value for sticky panels baited with the commercial 
three-component lure (putrescine, ammonium acetate 
and trimethylamine) was established at 20 m for C. 
capitata by Peck and McQuate (2000). This result agrees 
with Leza et al. (2008) or Navarro-Llopis et al. (2013), 

who demonstrated that 50 mass trapping or 
attract-and-kill devices baited with ammonium acetate 
and trimethylamine dry dispensers prove more efficient 
to significantly reduce fruit damage at similar levels as 
weekly applications of insecticide. However, when using 
protein baits, the number of traps required was higher, 
as many as 200 traps per hectare are required (Alemany 
et al. 2004). In any case, recommended density did not 
guarantee the total protection of fruit against fruit fly, 
but the fly population and fruit damage reduced and only 
some support insecticide treatments were required.

The efficacy of combinations of traps and lures has been 
studied recently for economically important fruit flies: C. 
capitata (Gazit et al. 1998, Navarro-Llopis et al. 2008), 
Anastrepha spp. (Diaz-Fleischer et al. 2009), B. tryoni 
(Dominiak and Helen 2010), B. dorsalis (Cornelius et al. 
2000), and B. oleae (Broumas et al. 1994).

Application time

The main aim of the attract-and-kill technique is to 
suppress the fruit fly populations; the longer attractants 
are active in the field the greater the achievable 
suppression of a particular device. Replacement of 
attractants may be expensive but it might be necessary in 
some cases in order to cover a wider window of time to 
adequately control fruit fly populations. Wet traps using 
protein-based attractants or ammonium salts are the 
most sensitive to weather conditions and monthly 
replacement of the baits tends to be required. In 
contrast, dry attractants have longer life spans and can 
be used for as long as 4-6 months (Colas et al. 2012, 
Navarro-Llopis et al. 2013). For the Mediterranean fruit 
fly in the Mediterranean basin, mass trapping or bait 
stations are placed in the field at least one generation 
before fruit start ripening and they remain active for until 
4 months later when harvesting is completed. Therefore, 
for C. capitata attractants that last 4 months are required 
for an efficient mass-trapping strategy.

Efficacy

Efficacy assessments should be conducted to measure 
both fruit fly population reduction and fruit damage. 
However, many works in which fruit fly population 
reduction has been reported either do not include such 
data at all or include  rather poor data. Nevertheless, in 
several recent works the attract-and-kill technique has 
proven as effective as insecticide sprays against C. 
capitata in citrus orchards (Ben Jemaa et al.2010, Leza et 
al 2008, Navarro-Llopis et al 2013), or against the olive 
fruit fly (Haniotakis et al 1991, Broumas 2002). 

As previously mentioned, in contrast to the application of 
insecticides this methodology does not have an instant 

effect on the population. Therefore, monitoring fruit fly 
populations should be conducted when the 
attract-and-kill technique is applied in the field. 
Monitoring will help farmers to decide if a support 
insecticide treatment is required. Whether such a 
treatment is required depends on the sensitivity of the 
crop to fruit fly puncture and the ripening status. For 
example in Spanish citrus orchards, the upper threshold 
for insecticide treatment is 1 female per trap/day in a 
McPhail-type trap with an attractant mixture of 
ammonium acetate, trimethylamine and putrescine. This 
threshold has been established after more than 10 years 
of field trials being conducted in citrus crops, but it is 
completely empirical. No fruit damage over 1% is 
expected if the fruit fly population is maintained below 
this threshold during ripening. However this threshold 
should be establish for each crop, with each combination 
of trap and attractant.

As a concluding remark, the use of the attract-and-kill 
methods is increasing year after year as they are 
becoming affordable for growers and their efficacy has 
vastly improved. The development of new female 
attractants for other fruit fly species will expand the use 
of this pest management method. Although the 
attract-and-kill technique by itself is not always adequate 
to control a pest, the population reduction achieved 
enables the use of the sterile insect technique (SIT) in 
areas with high populations in which control is barely 
manageable by this method. Area-wide strategies that 
combine the use of attract-and-kill technique with SIT, 
timely application of insecticides and biological control 
agents are expected to obtain the best fruit fly control 
results.
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Chemoreception plays an important role in insect intra- 
and inter-sex communication, inducing specific 
behavioural responses in terms of sexual attraction, 
mating aggregation and host-marking of oviposition 
sites. The perception of chemical signals relies primarily 
on olfaction, which mediates the recognition of volatile 
signals, and gustation which permits the discrimination 
of soluble stimulants (Sanchez-Gracia et al. 2009). 
Chemoreception is facilitated by a signal transduction 
cascade involving odorant-binding proteins (OBPs) 
(Voght and Riddiford 1981), chemosensory proteins 
(CSPs) (Pelosi et al. 2006), and olfactory, gustatory and 
ionotropic receptors (ORs, GRs and IRs, respectively) 
(Leal 2013). OBPs are small, globular, highly abundant 
water-soluble proteins secreted into the sensilla lymph 
by non-neuronal auxiliary cells. These proteins bind and 
solubilize odours that enter the pores in the sensilla, and 
transport them through the aqueous lymph to activate 
the membrane bound ORs (Leal 2013; Vieira and Rozas 
2011). Within the OBP family, pheromone-binding 
proteins (PBPs) are regarded as transporters of sex 
pheromone components. The molecular machinery 
underlying these processes is still unknown and is the 
target of numerous studies.

The Mediterranean fruit fly, Ceratitis capitata 
(Wiedemann; Diptera: Tephritidae) shows an 
extraordinarily diverse larval host range (Malacrida et al. 
2007), which in turn is reflected in its impressive 
biological success. Its invasive potential can, in part, be 
ascribed to the ability of its olfactory systems to i) 
localise different plant hosts, ii) detect pheromones 
during the recognition and location of mates, and iii) to 
discriminate between suitable and already pierced hosts 
for oviposition.

Information on the olfactory mechanisms of the medfly 
can furnish useful tools for the implementation of pest 
control programmes and, in the long term, permit the 
use of pheromone components and other volatile 
compounds as targets for the development of synthetic 
attractants/repellents.

On this basis, this PhD project was directed at:

1.  The identification of genes putatively involved in 
pheromone perception (Pbps);

2.  The expression profile analyses of the identified 

The expression profiles in different tissues of the five 
Ccpbp genes resulted in predominant transcript 
abundance in the main olfactory tissues, namely 
antennae and maxillary palps. Ccpbp5 displays high 
expression also in the tarsi, which have a role in 
gustation. Interestingly, Ccpbp4 has a clear 
antenna-specific expression. The expression of all five 
putative Pbp genes in both sexes is congruent with the 
reproductive behaviour of the species. In the medfly, 
males aggregate in small groups (leks) from where they 
start to display a complex “calling” courtship behaviour 
(Yuval and Hendrichs 2000) that attracts females to the 
lekking sites. Thus, males need first to recruit other males 
to form the lek and only later the females perceive the 
pheromone signals emitted by the males. Thus, both 
sexes need to express proteins capable of recognising 
these chemical compounds (Figure 2).

 
Figure 2. Medfly male with expanded vesicle-like rectal 
ampulla, protruding from the erected anal papilla.

Out of the five candidates, Ccpbp4 was chosen as the 
best candidate for protein purification and relative 
binding studies aimed at the identification of binding 
specificity to one or more of the medfly emitted 
chemicals involved in inter and intra-sex communication.

Different approaches and techniques have previously 
been applied to isolate and purify compounds emitted by 
medfly individuals during “calling” (Jang et al. 1989; Flath 
et al. 1993; Goncalves et al. 2006; Alfaro et al., 2011). The 
project used the ISPRA strain, the same as that used for 
the on going medfly Genome sequencing project.

As expected, males emit a complex mixture of chemicals, 
whereas no chemical emission was detected in the 
female counterpart, under the same experimental 
conditions. The collected mixture was tested on GC-EAG 
(gas chromatography coupled with electroantennogram 
recording), which showed that 19 compounds were able 
to elicit an electrophysiological response on female 
antennae, while only 14 compounds elicited responses in 

the males (Siciliano et al. in preparation). This 
preliminary data, taken together with the presence of a 
signal peptide at the N’ terminal, six cysteines in highly 
conserved positions, antennal specific and sexual 
maturation-related gene expression, an hypothetical 
peptide of about 150 amino acids, a predicted globular 
shaped related protein with 6 α-helixes, make Ccpbp4 a 
good pheromone binding protein gene candidate. 
Binding assays are now in progress for the other putative 
medfly PBPs (CcPBP1, CcPBP2, CcPBP3 and CcPBP5).

These results contribute to the clarification of the 
olfactory mechanisms in the Mediterranean fruit fly, and 
will permit the identification of differences and 
similarities among tephritid species. The medfly could 
become a model for the study of olfaction in this family 
and the identification of the main actors in the 
pheromone blend, together with their specific binding 
proteins and receptors could furnish useful tools for the 
improvement of current pest management control 
techniques applied worldwide.
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putative Pbp genes, in relation to sex, tissue, age 
and physiological status;

3.  The purification of the chemicals emitted by both 
sexes during the courtship in order to identify the 
components of the pheromone blend and those 
that are electro-physiologically active;

4. The heterologous expression and subsequent 
purification of the identified putative PBPs for 
ligand-protein binding studies.

A screening of the three EST libraries derived from 
embryos, heads and testes/accessory glands (Gomulski 
et al. 2008, 2012; Scolari et al. 2012) allowed the 
identification of a first set of sequences (Ccpbp1- 
Ccpbp5) with very high similarity to D. melanogaster 
Pheromone binding protein related protein (Pbprp) 
genes.

Molecular analyses on these five medfly transcripts 
enabled the assessment of the presence of all the 
features of the PBP family, i.e.: i) a putative signal 
peptide; ii) a hydrophobic domain, and iii) the six 
conserved cysteine residues. Comparative structural 
analyses were used to help elucidate the function of the 
putative medfly PBPs. Alignments performed using 
PHYRE (Kelley and Sternberg 2009) enabled the 
prediction of the hypothetical structure of each putative 
medfly PBP by comparison with the real structures of 
similar proteins in the databases. All the structures, 
visualized using PYMOL (Delano 2002), showed a 
globular shape and the presence of six alpha-helixes and 
three disulphide bridges in highly conserved positions 
(Figure 1).

 
Figure 1. Three-dimensional models of the five medfly 
predicted PBPs. (A) CcPBP1, (B) CcPBP2, (C) CcPBP3, (D) 
CcPBP4, (E) CcPBP5. In each hypothetical structure, three 
highly conserved disulphide bridges and six alpha-helixes 
are represented.
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by non-neuronal auxiliary cells. These proteins bind and 
solubilize odours that enter the pores in the sensilla, and 
transport them through the aqueous lymph to activate 
the membrane bound ORs (Leal 2013; Vieira and Rozas 
2011). Within the OBP family, pheromone-binding 
proteins (PBPs) are regarded as transporters of sex 
pheromone components. The molecular machinery 
underlying these processes is still unknown and is the 
target of numerous studies.

The Mediterranean fruit fly, Ceratitis capitata 
(Wiedemann; Diptera: Tephritidae) shows an 
extraordinarily diverse larval host range (Malacrida et al. 
2007), which in turn is reflected in its impressive 
biological success. Its invasive potential can, in part, be 
ascribed to the ability of its olfactory systems to i) 
localise different plant hosts, ii) detect pheromones 
during the recognition and location of mates, and iii) to 
discriminate between suitable and already pierced hosts 
for oviposition.

Information on the olfactory mechanisms of the medfly 
can furnish useful tools for the implementation of pest 
control programmes and, in the long term, permit the 
use of pheromone components and other volatile 
compounds as targets for the development of synthetic 
attractants/repellents.

On this basis, this PhD project was directed at:

1.  The identification of genes putatively involved in 
pheromone perception (Pbps);

2.  The expression profile analyses of the identified 

The expression profiles in different tissues of the five 
Ccpbp genes resulted in predominant transcript 
abundance in the main olfactory tissues, namely 
antennae and maxillary palps. Ccpbp5 displays high 
expression also in the tarsi, which have a role in 
gustation. Interestingly, Ccpbp4 has a clear 
antenna-specific expression. The expression of all five 
putative Pbp genes in both sexes is congruent with the 
reproductive behaviour of the species. In the medfly, 
males aggregate in small groups (leks) from where they 
start to display a complex “calling” courtship behaviour 
(Yuval and Hendrichs 2000) that attracts females to the 
lekking sites. Thus, males need first to recruit other males 
to form the lek and only later the females perceive the 
pheromone signals emitted by the males. Thus, both 
sexes need to express proteins capable of recognising 
these chemical compounds (Figure 2).

 
Figure 2. Medfly male with expanded vesicle-like rectal 
ampulla, protruding from the erected anal papilla.

Out of the five candidates, Ccpbp4 was chosen as the 
best candidate for protein purification and relative 
binding studies aimed at the identification of binding 
specificity to one or more of the medfly emitted 
chemicals involved in inter and intra-sex communication.

Different approaches and techniques have previously 
been applied to isolate and purify compounds emitted by 
medfly individuals during “calling” (Jang et al. 1989; Flath 
et al. 1993; Goncalves et al. 2006; Alfaro et al., 2011). The 
project used the ISPRA strain, the same as that used for 
the on going medfly Genome sequencing project.

As expected, males emit a complex mixture of chemicals, 
whereas no chemical emission was detected in the 
female counterpart, under the same experimental 
conditions. The collected mixture was tested on GC-EAG 
(gas chromatography coupled with electroantennogram 
recording), which showed that 19 compounds were able 
to elicit an electrophysiological response on female 
antennae, while only 14 compounds elicited responses in 

the males (Siciliano et al. in preparation). This 
preliminary data, taken together with the presence of a 
signal peptide at the N’ terminal, six cysteines in highly 
conserved positions, antennal specific and sexual 
maturation-related gene expression, an hypothetical 
peptide of about 150 amino acids, a predicted globular 
shaped related protein with 6 α-helixes, make Ccpbp4 a 
good pheromone binding protein gene candidate. 
Binding assays are now in progress for the other putative 
medfly PBPs (CcPBP1, CcPBP2, CcPBP3 and CcPBP5).

These results contribute to the clarification of the 
olfactory mechanisms in the Mediterranean fruit fly, and 
will permit the identification of differences and 
similarities among tephritid species. The medfly could 
become a model for the study of olfaction in this family 
and the identification of the main actors in the 
pheromone blend, together with their specific binding 
proteins and receptors could furnish useful tools for the 
improvement of current pest management control 
techniques applied worldwide.
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putative Pbp genes, in relation to sex, tissue, age 
and physiological status;

3.  The purification of the chemicals emitted by both 
sexes during the courtship in order to identify the 
components of the pheromone blend and those 
that are electro-physiologically active;

4. The heterologous expression and subsequent 
purification of the identified putative PBPs for 
ligand-protein binding studies.

A screening of the three EST libraries derived from 
embryos, heads and testes/accessory glands (Gomulski 
et al. 2008, 2012; Scolari et al. 2012) allowed the 
identification of a first set of sequences (Ccpbp1- 
Ccpbp5) with very high similarity to D. melanogaster 
Pheromone binding protein related protein (Pbprp) 
genes.

Molecular analyses on these five medfly transcripts 
enabled the assessment of the presence of all the 
features of the PBP family, i.e.: i) a putative signal 
peptide; ii) a hydrophobic domain, and iii) the six 
conserved cysteine residues. Comparative structural 
analyses were used to help elucidate the function of the 
putative medfly PBPs. Alignments performed using 
PHYRE (Kelley and Sternberg 2009) enabled the 
prediction of the hypothetical structure of each putative 
medfly PBP by comparison with the real structures of 
similar proteins in the databases. All the structures, 
visualized using PYMOL (Delano 2002), showed a 
globular shape and the presence of six alpha-helixes and 
three disulphide bridges in highly conserved positions 
(Figure 1).

 
Figure 1. Three-dimensional models of the five medfly 
predicted PBPs. (A) CcPBP1, (B) CcPBP2, (C) CcPBP3, (D) 
CcPBP4, (E) CcPBP5. In each hypothetical structure, three 
highly conserved disulphide bridges and six alpha-helixes 
are represented.
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Formal comprehensive surveys for fruit flies in Africa 
commenced in the early 2000’s with the launch of the 
African Fruit Fly Initiative (AFFI) at the International 
Centre for Insect Physiology and Ecology (ICIPE) in 
Nairobi, Kenya. This led to the initial detection of the 
invasive Bactrocera invadens in Africa in 2003. The ICIPE 
initiative covered mainly Kenya, Tanzania and Uganda. In 
2004 the Animal and Plant Health Inspection Services of 
the United States Department of Agriculture 
(USDA-APHIS), Pretoria, South Africa, launched an 
assistance programme to enable countries to set up 
surveillance programmes and to provide technical 
backup to other countries, to monitor the threat of B. 
invadens, B. cucurbitae and other economically 
important fruit flies. USDA-APHIS initiated surveys in 
Angola, Botswana, Ethiopia, Malawi, Mozambique, 
Namibia, Rwanda, Swaziland and Zambia, while the 
South African NPPO conducted its own surveys, together 
with the private sector. The objective of the USDA-APHIS 
programme was to provide traps and lures, and training 
courses in fruit fly taxonomy, economic impact, 
management and trapping protocol. It also provided an 
identification service to all countries as part of the 
support programme.

 

Mervyn Mansell (centre) and colleagues preparing fruit 
fly traps for an USDA-APHIS survey in Mozambique, when 
assessing the geographical distribution of Bactrocera 
invadens.

Additional funding for African fruit fly activities has 
subsequently been provided through Trademark, 
Southern Africa (TMSA), an implementation agency for 
the British Department for International Development 
(DFID). This funding has enabled countries to support far 
more extensive fruit fly programmes that now include 

management, as well as detection, delimitation and 
monitoring surveillance programmes and training. The 
funding has included vehicles, chemicals for surveillance 
and management, procurement and provision of 
equipment, as training courses in taxonomy, economic 
impact, surveillance protocols, and management, 
record-keeping and reporting. Surveillance covers all 
economically important species in the African genera 
Ceratitis, Dacus and Bactrocera, to enable countries to 
develop comprehensive fruit fly pest lists. It is also aimed 
at enabling countries to become self-sufficient in fruit fly 
surveillance, management and control. To date, Malawi, 
Swaziland and Zimbabwe have benefited from the 
TMSA-DFID funding model, with negotiations in progress 

to assist Botswana and Mozambique in a similar manner. 
The initial hands-on trap deployment training, as well as 
formal training, as well as the identification service has 
been provided by the TMSA fruit fly consultant, Dr 
Mervyn Mansell, University of Pretoria, who was also 
responsible for the initiation of the USDA-APHIS 
programme.

Mervyn W. Mansell
Department of Zoology and Entomology,
University of Pretoria,
Private Bag X20, Hatfield, 0028 Pretoria,
South Africa.

putative Pbp genes, in relation to sex, tissue, age 
and physiological status;

3.  The purification of the chemicals emitted by both 
sexes during the courtship in order to identify the 
components of the pheromone blend and those 
that are electro-physiologically active;

4. The heterologous expression and subsequent 
purification of the identified putative PBPs for 
ligand-protein binding studies.

A screening of the three EST libraries derived from 
embryos, heads and testes/accessory glands (Gomulski 
et al. 2008, 2012; Scolari et al. 2012) allowed the 
identification of a first set of sequences (Ccpbp1- 
Ccpbp5) with very high similarity to D. melanogaster 
Pheromone binding protein related protein (Pbprp) 
genes.

Molecular analyses on these five medfly transcripts 
enabled the assessment of the presence of all the 
features of the PBP family, i.e.: i) a putative signal 
peptide; ii) a hydrophobic domain, and iii) the six 
conserved cysteine residues. Comparative structural 
analyses were used to help elucidate the function of the 
putative medfly PBPs. Alignments performed using 
PHYRE (Kelley and Sternberg 2009) enabled the 
prediction of the hypothetical structure of each putative 
medfly PBP by comparison with the real structures of 
similar proteins in the databases. All the structures, 
visualized using PYMOL (Delano 2002), showed a 
globular shape and the presence of six alpha-helixes and 
three disulphide bridges in highly conserved positions 
(Figure 1).

 
Figure 1. Three-dimensional models of the five medfly 
predicted PBPs. (A) CcPBP1, (B) CcPBP2, (C) CcPBP3, (D) 
CcPBP4, (E) CcPBP5. In each hypothetical structure, three 
highly conserved disulphide bridges and six alpha-helixes 
are represented.



PAOLO SICILIANO
Dissertation for a Ph.D. in Cellular Biology, 
Department of Biology and Biotechnology, 

University of Pavia (Italy) 2012

Chemoreception plays an important role in insect intra- 
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mating aggregation and host-marking of oviposition 
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signals, and gustation which permits the discrimination 
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transport them through the aqueous lymph to activate 
the membrane bound ORs (Leal 2013; Vieira and Rozas 
2011). Within the OBP family, pheromone-binding 
proteins (PBPs) are regarded as transporters of sex 
pheromone components. The molecular machinery 
underlying these processes is still unknown and is the 
target of numerous studies.

The Mediterranean fruit fly, Ceratitis capitata 
(Wiedemann; Diptera: Tephritidae) shows an 
extraordinarily diverse larval host range (Malacrida et al. 
2007), which in turn is reflected in its impressive 
biological success. Its invasive potential can, in part, be 
ascribed to the ability of its olfactory systems to i) 
localise different plant hosts, ii) detect pheromones 
during the recognition and location of mates, and iii) to 
discriminate between suitable and already pierced hosts 
for oviposition.

Information on the olfactory mechanisms of the medfly 
can furnish useful tools for the implementation of pest 
control programmes and, in the long term, permit the 
use of pheromone components and other volatile 
compounds as targets for the development of synthetic 
attractants/repellents.

On this basis, this PhD project was directed at:

1.  The identification of genes putatively involved in 
pheromone perception (Pbps);
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The expression profiles in different tissues of the five 
Ccpbp genes resulted in predominant transcript 
abundance in the main olfactory tissues, namely 
antennae and maxillary palps. Ccpbp5 displays high 
expression also in the tarsi, which have a role in 
gustation. Interestingly, Ccpbp4 has a clear 
antenna-specific expression. The expression of all five 
putative Pbp genes in both sexes is congruent with the 
reproductive behaviour of the species. In the medfly, 
males aggregate in small groups (leks) from where they 
start to display a complex “calling” courtship behaviour 
(Yuval and Hendrichs 2000) that attracts females to the 
lekking sites. Thus, males need first to recruit other males 
to form the lek and only later the females perceive the 
pheromone signals emitted by the males. Thus, both 
sexes need to express proteins capable of recognising 
these chemical compounds (Figure 2).
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Out of the five candidates, Ccpbp4 was chosen as the 
best candidate for protein purification and relative 
binding studies aimed at the identification of binding 
specificity to one or more of the medfly emitted 
chemicals involved in inter and intra-sex communication.

Different approaches and techniques have previously 
been applied to isolate and purify compounds emitted by 
medfly individuals during “calling” (Jang et al. 1989; Flath 
et al. 1993; Goncalves et al. 2006; Alfaro et al., 2011). The 
project used the ISPRA strain, the same as that used for 
the on going medfly Genome sequencing project.

As expected, males emit a complex mixture of chemicals, 
whereas no chemical emission was detected in the 
female counterpart, under the same experimental 
conditions. The collected mixture was tested on GC-EAG 
(gas chromatography coupled with electroantennogram 
recording), which showed that 19 compounds were able 
to elicit an electrophysiological response on female 
antennae, while only 14 compounds elicited responses in 

the males (Siciliano et al. in preparation). This 
preliminary data, taken together with the presence of a 
signal peptide at the N’ terminal, six cysteines in highly 
conserved positions, antennal specific and sexual 
maturation-related gene expression, an hypothetical 
peptide of about 150 amino acids, a predicted globular 
shaped related protein with 6 α-helixes, make Ccpbp4 a 
good pheromone binding protein gene candidate. 
Binding assays are now in progress for the other putative 
medfly PBPs (CcPBP1, CcPBP2, CcPBP3 and CcPBP5).

These results contribute to the clarification of the 
olfactory mechanisms in the Mediterranean fruit fly, and 
will permit the identification of differences and 
similarities among tephritid species. The medfly could 
become a model for the study of olfaction in this family 
and the identification of the main actors in the 
pheromone blend, together with their specific binding 
proteins and receptors could furnish useful tools for the 
improvement of current pest management control 
techniques applied worldwide.
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RESEARCH SCIENTIST POSITION

AFRICAN FRUIT FLY SURVEYS

Oxitec Limited, UK
Permanent position

Purpose of job: To join a small dynamic team, in a friendly 
bio-tech company (SME), investigating new and exciting 
technologies to control a range of insects that are 
important agricultural and public health pests. Oxitec is 
developing genetic technology that will make the 
environmentally friendly sterile insect technique more 
cost-effective and more widely applicable 
(www.oxitec.com).

Your job will be helping to develop the sterile insect 
technique and will involve:

• Rearing and maintenance of insect colonies.
• Insect genetics and fluorescent marker analysis.
• A range of molecular biology techniques (PCR, 

RT-PCR, genomic DNA and RNA extractions).
• Genetic transformation of a range of insect 

species.
Training in the necessary molecular, genetic and 
entomological methods will be provided.

Attributes of the successful candidate will include:

• A degree level (BSc, MSc or recent PhD) in a 
relevant scientific area

• Laboratory experience of rearing insects and/or 
molecular biology would be desirable.

• Being able to work independently and within a 
team.

• Good communication skills and a diligent 
attitude.

The successful applicant should show enthusiasm to 
work with insects and a keen nature to learn and develop 
their skills within the company. Only applicants available 
for fast start need apply.

Starting salary in the range £20,000 – £28,000, 
depending on experience.

Contact: Please apply in writing:
totracy.thompson@oxitec.com including your CV.

Formal comprehensive surveys for fruit flies in Africa 
commenced in the early 2000’s with the launch of the 
African Fruit Fly Initiative (AFFI) at the International 
Centre for Insect Physiology and Ecology (ICIPE) in 
Nairobi, Kenya. This led to the initial detection of the 
invasive Bactrocera invadens in Africa in 2003. The ICIPE 
initiative covered mainly Kenya, Tanzania and Uganda. In 
2004 the Animal and Plant Health Inspection Services of 
the United States Department of Agriculture 
(USDA-APHIS), Pretoria, South Africa, launched an 
assistance programme to enable countries to set up 
surveillance programmes and to provide technical 
backup to other countries, to monitor the threat of B. 
invadens, B. cucurbitae and other economically 
important fruit flies. USDA-APHIS initiated surveys in 
Angola, Botswana, Ethiopia, Malawi, Mozambique, 
Namibia, Rwanda, Swaziland and Zambia, while the 
South African NPPO conducted its own surveys, together 
with the private sector. The objective of the USDA-APHIS 
programme was to provide traps and lures, and training 
courses in fruit fly taxonomy, economic impact, 
management and trapping protocol. It also provided an 
identification service to all countries as part of the 
support programme.

 

Mervyn Mansell (centre) and colleagues preparing fruit 
fly traps for an USDA-APHIS survey in Mozambique, when 
assessing the geographical distribution of Bactrocera 
invadens.

Additional funding for African fruit fly activities has 
subsequently been provided through Trademark, 
Southern Africa (TMSA), an implementation agency for 
the British Department for International Development 
(DFID). This funding has enabled countries to support far 
more extensive fruit fly programmes that now include 

management, as well as detection, delimitation and 
monitoring surveillance programmes and training. The 
funding has included vehicles, chemicals for surveillance 
and management, procurement and provision of 
equipment, as training courses in taxonomy, economic 
impact, surveillance protocols, and management, 
record-keeping and reporting. Surveillance covers all 
economically important species in the African genera 
Ceratitis, Dacus and Bactrocera, to enable countries to 
develop comprehensive fruit fly pest lists. It is also aimed 
at enabling countries to become self-sufficient in fruit fly 
surveillance, management and control. To date, Malawi, 
Swaziland and Zimbabwe have benefited from the 
TMSA-DFID funding model, with negotiations in progress 

to assist Botswana and Mozambique in a similar manner. 
The initial hands-on trap deployment training, as well as 
formal training, as well as the identification service has 
been provided by the TMSA fruit fly consultant, Dr 
Mervyn Mansell, University of Pretoria, who was also 
responsible for the initiation of the USDA-APHIS 
programme.

Mervyn W. Mansell
Department of Zoology and Entomology,
University of Pretoria,
Private Bag X20, Hatfield, 0028 Pretoria,
South Africa.

putative Pbp genes, in relation to sex, tissue, age 
and physiological status;

3.  The purification of the chemicals emitted by both 
sexes during the courtship in order to identify the 
components of the pheromone blend and those 
that are electro-physiologically active;

4. The heterologous expression and subsequent 
purification of the identified putative PBPs for 
ligand-protein binding studies.

A screening of the three EST libraries derived from 
embryos, heads and testes/accessory glands (Gomulski 
et al. 2008, 2012; Scolari et al. 2012) allowed the 
identification of a first set of sequences (Ccpbp1- 
Ccpbp5) with very high similarity to D. melanogaster 
Pheromone binding protein related protein (Pbprp) 
genes.

Molecular analyses on these five medfly transcripts 
enabled the assessment of the presence of all the 
features of the PBP family, i.e.: i) a putative signal 
peptide; ii) a hydrophobic domain, and iii) the six 
conserved cysteine residues. Comparative structural 
analyses were used to help elucidate the function of the 
putative medfly PBPs. Alignments performed using 
PHYRE (Kelley and Sternberg 2009) enabled the 
prediction of the hypothetical structure of each putative 
medfly PBP by comparison with the real structures of 
similar proteins in the databases. All the structures, 
visualized using PYMOL (Delano 2002), showed a 
globular shape and the presence of six alpha-helixes and 
three disulphide bridges in highly conserved positions 
(Figure 1).

 
Figure 1. Three-dimensional models of the five medfly 
predicted PBPs. (A) CcPBP1, (B) CcPBP2, (C) CcPBP3, (D) 
CcPBP4, (E) CcPBP5. In each hypothetical structure, three 
highly conserved disulphide bridges and six alpha-helixes 
are represented.
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assessing the geographical distribution of Bactrocera 
invadens.

Additional funding for African fruit fly activities has 
subsequently been provided through Trademark, 
Southern Africa (TMSA), an implementation agency for 
the British Department for International Development 
(DFID). This funding has enabled countries to support far 
more extensive fruit fly programmes that now include 

management, as well as detection, delimitation and 
monitoring surveillance programmes and training. The 
funding has included vehicles, chemicals for surveillance 
and management, procurement and provision of 
equipment, as training courses in taxonomy, economic 
impact, surveillance protocols, and management, 
record-keeping and reporting. Surveillance covers all 
economically important species in the African genera 
Ceratitis, Dacus and Bactrocera, to enable countries to 
develop comprehensive fruit fly pest lists. It is also aimed 
at enabling countries to become self-sufficient in fruit fly 
surveillance, management and control. To date, Malawi, 
Swaziland and Zimbabwe have benefited from the 
TMSA-DFID funding model, with negotiations in progress 

to assist Botswana and Mozambique in a similar manner. 
The initial hands-on trap deployment training, as well as 
formal training, as well as the identification service has 
been provided by the TMSA fruit fly consultant, Dr 
Mervyn Mansell, University of Pretoria, who was also 
responsible for the initiation of the USDA-APHIS 
programme.

Mervyn W. Mansell
Department of Zoology and Entomology,
University of Pretoria,
Private Bag X20, Hatfield, 0028 Pretoria,
South Africa.

An article of the previous issue of our newsletter (No. 12, 
December 2012) contains the incorrect information 
(page 16) that during the 2nd International TEAM Meet-
ing in Crete a poster award was given to Amani 
Mohamed Khair Abbas (Shendi, Sudan). 

The correct information is that the poster awards were 
given to Domingos Raquene Cugala (Maputo, Mozam-
bique), Faiza Elgaili Elhassan Salah (Wad Medani, Sudan) 
and Mitra Moezipour (Karaj, Iran).
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