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To Our Readers 

 
Argentina and Chile are piloting the implementation of a preventive SIT approach against the Mediterranean fruit fly in their pest free areas. The 

picture shows the fruit production valleys in Patagonia, Argentina (Source: PROCEM-SENASA Argentina). 
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Argentina and Chile are piloting a preventive SIT approach 
against the Mediterranean fruit fly in their areas that are free 
of this pest, i.e., Mendoza province and Patagonia region in 
Argentina and Santiago Metropolitan Region in Chile. Both 
countries are adopting a preventive release strategy, similar 
to the one in California and Florida (USA) that has been in 
place since 1994.  

In the last newsletter, details were provided on this pro-
gramme in Chile and in this newsletter, we would like to 
highlight the application of preventive releases in Argentina 
(see more details later in this newsletter). The National Fruit 
Fly Control and Eradication Programme (PROCEM) of the 
National Service for Food Health and Quality (SENASA) in 
Argentina, with the support of the FAO and IAEA, estab-
lished fruit fly pest free areas in the Province of Mendoza 
and in the region of Patagonia using an area-wide integrated 
pest management (AW-IPM) approach with a sterile insect 
technique component. This allowed the diversification of 
fruit production and access to export markets that were pre-
viously excluded because of the presence of the fruit fly pest.  

Since mid-2020, a Mediterranean fruit fly preventive sterile 
male release programme was adopted and successfully im-
plemented as part of an AW-IPM scheme to protect the free 
areas established in the central and southern part of Mendoza 
and in the region of Patagonia. There is a distinctive differ-
ence between a traditional SIT control strategy and a preven-
tive approach, i.e., the first one is implemented in infested 
areas to suppress or eradicate a pest, whereas the second 
strategy is applied in pest free areas to prevent the introduc-
tion of the pest. 

An emergency action plan to deal with an outbreak of the 
Mediterranean fruit fly is being implemented in the state of 
Colima, Mexico, and the SIT is the main component of the 
programme. The fly was detected in Colima in April 2021, 
which is about 1 300 kilometres north from the closest wild 
populations located in the State of Chiapas, at the border area 
between Mexico and Guatemala. The Colima operation is on 
track and currently the outbreak is well under control (see 
more details later in this newsletter).  

Furthermore, we would like to announce that the sweet po-
tato weevil has successfully been eradicated from Tsuken Is-
land, in Okinawa, Japan by integrating the SIT with other 
control methods. This is the second success on sweet potato 
weevil in the world, following the eradication achieved on 
Kume Island, also in Okinawa in 2012. Despite the small 
size of both Kume and Tsuken Islands (63.65 and 1.88 km2 
respectively), it took 19 and 13 years, respectively to con-
firm the success of eradication. 

Another achievement of our Subprogramme was the devel-
opment of two Standard Operating Procedures (SOPs) for 
gamma radiation (Standard Operating Procedures for Gaf-
chromic™ Film Dosimetry System for Gamma Radiation) 
and low energy X radiation (Standard Operating Procedures 

for Gafchromic™ Film Dosimetry System for Low Energy 
X Radiation). Both are available in English and Spanish and 
can be downloaded at the Insect Pest Control website of the 
IAEA. The SOPs keep everything related to the components 
of the Gafchromic™ dosimetry system in one place.  

 

Finally, I am pleased to inform our readers that the IAEA 
has also re-designated the Centro Agricoltura Ambiente 
(CAA) ‘G. Nicoli’ in Bologna, Italy as an IAEA Collaborat-
ing Centre to develop the SIT for the management of Aedes 
mosquitoes. During the last designation period the CAA im-
proved several aspects of the mosquito SIT package, such as 
the development of new methods for packaging mosquitoes 
to reduce the volume of the delivered parcel without affect-
ing the survival rate of the mosquitoes during long-distance 
shipment. The CAA is expected to continue its leading role 
on the improvement of the SIT for Aedes mosquitoes. 

 

 

 

 

Rui Cardoso Pereira 
Head, Insect Pest Control Section  
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Staff 
Joint FAO/IAEA Centre of Nuclear Applications in Food and Agriculture 

Name Title Email Extension Location 

Qu LIANG Director Q.Liang@iaea.org  21610 Vienna 

 

Insect Pest Control Subprogramme 

Insect Pest Control Section, Joint FAO/IAEA Centre of Nuclear Techniques in Food and Agriculture 
P.O. Box 100, 1400 Vienna, Austria 

Tel.: (+) 43 1 2600 26077 

Insect Pest Control Laboratory, FAO/IAEA Agriculture & Biotechnology Laboratories 

2444 Seibersdorf, Austria 

Tel.: (+) 43 1 2600 28404 

Name Title Email Extension Location 

Rui CARDOSO PEREIRA  Section Head R.Cardoso-Pereira@iaea.org 26077 Vienna 

Walther ENKERLIN Entomologist (Plant Pests) W.R.Enkerlin@iaea.org  26062 Vienna 

Maylen GÓMEZ Entomologist (Livestock and 
Human Health Pests) 

M.Gomez-Pacheco@iaea.org 21629  Vienna 

Daguang LU Entomologist (Plant Pests) D.Lu@iaea.org 25746 Vienna 

Svetlana PIEDRA CORDERO Programme Assistant S.Piedra-Cordero@iaea.org 21633 Vienna 

Elena ZDRAVEVSKA Team Assistant E.Zdravevska@iaea.org 21632 Vienna 

 

Marc VREYSEN Laboratory Head M.Vreysen@iaea.org 28404 Seibersdorf 

Adly ABD ALLA Virologist A.Abdalla@iaea.org 28425 Seibersdorf 

Kostas BOURTZIS Molecular Biologist K.Bourtzis@iaea.org 28423 Seibersdorf 

Jeremy BOUYER 
Medical Entomologist (Human 
Disease Vectors) 

J.Bouyer@iaea.org 28407 Seibersdorf 

Carlos CÁCERES Entomologist (Plant Pests) C.E.Caceres-Barrios@iaea.org 28413 Seibersdorf 

Danilo CARVALHO Molecular Biologist D.Carvalho@iaea.org 28438 Seibersdorf 

Chantel DE BEER  Research Entomologist (Live-
stock Pests) 

C.De-Beer@iaea.org  27321 Seibersdorf 

Vanessa DIAS Entomologist (Post-harvest) V.Dias-De-Castro@iaea.org 28450 Seibersdorf 

Wadaka MAMAI 
Medical Entomologist (Rearing 
Specialist) 

W.Mamai@iaea.org 28429 Seibersdorf 

Hamidou MAIGA Medical Entomologist H.Maiga@iaea.org 28421 Seibersdorf 

Katerina NIKOLOULI Geneticist (Medical Entomolo-
gist) 

K.Nikolouli@iaea.org 28756 Seibersdorf 

Hanano YAMADA 
Entomologist (Human Disease 
Vectors) 

H.Yamada@iaea.org 28429 Seibersdorf 

Stephanie BECKHAM Programme Assistant S.Beckham@iaea.org 28259 Seibersdorf 
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Forthcoming Events (2022–2023)
I. Research Coordination Meetings 
(RCMs) of FAO/IAEA Coordinated 
Research Projects (CRPs) 

Second RCM on Mosquito Irradiation, Sterilization and 
Quality Control. 18–22 July 2022, Vienna, Austria. 

First RCM on Improve the Mass-Rearing of Lepidoptera 
Pests for SIT Programmes. 5–9 September 2022, Vienna, 
Austria. 

Fourth RCM on Integration of the SIT with Biocontrol for 
Greenhouse Insect Pest Management. 8–12 November 
2022, Sydney, Australia. 

Third RCM on Assessment of Simultaneous Application of 
SIT and MAT to Enhance Bactrocera Fruit Fly Manage-
ment. 20–24 November 2022, Sydney, Australia. 

Third RCM on Improvement of Colony Management in In-
sect Mass-rearing for SIT Applications. 27 February–3 
March 2023, Patras, Greece. 

Third RCM on Generic Approach for the Development of 
Genetic Sexing Strains for SIT Applications. 24–28 April 
2023, La Reunion, France. 

Second RCM on Improving Rearing, Handling, and Field 
Components for Fruit Fly SIT Application. 15–19 May 
2023, Vienna, Austria. 

First RCM on Mosquito Male Performance. 3–7 July 2023, 
Vienna, Austria. 

Third RCM on Mosquito Irradiation, Sterilization and Qual-
ity Control. 6–10 November 2023, Athens, Greece. 

II. Consultants and Expert Meetings 

Consultancy Meeting on Drosophila suzukii–New Other Spe-
cies for SIT. 20–24 March 2023, Vienna, Austria. 

III. Other Meetings/Events 

FAO/IAEA Workshop on Irradiation and Dosimetry. 
14–15 July 2022, Vienna, Austria. 

XXVI International Congress of Entomology. 17–22 
July 2022, Helsinki, Finland. 

FAO/IAEA Regional Training Course on Mark-Release-
Recapture and Field Data Management (under Reginal 
TC Project RAS5095). 22–26 August 2022, Vienna, 
Austria.  

Meeting of the Technical Panel on Phytosanitary Treat-
ments (TPPT), International Plant Protection Convention 
FAO. 12–16 September 2022, Rome, Italy. 

First International Plant Health Conference 21–23 Sep-
tember 2022, London, UK. 

FAO/IAEA Regional Training Course on SIT Compo-
nents: Handling, Shipping and Releasing Procedures Ap-
plied in SIT Projects (under Regional TC Project 
RLA5083). 07– 11 November 2022, Juazeiro, Brazil. 

11th International Symposium on Fruit Flies of Economic 
Importance. 14–18 November 2022, Sydney, Australia. 

FAO/IAEA Regional Training Course on Methods for 
the Mass-Rearing, Irradiation and Release of Sterile 
Male Aedes spp. (under Reginal TC Project RAS5095). 
21–25 November 2022, Singapore. 

FAO/IAEA Mid-term Review Meeting on Enhancing the 
Capacity to Integrate Sterile Insect Technique in the Ef-
fective Management of Invasive Aedes mosquitoes (un-
der Regional TC Project RER5026). 28 November–02 
December 2022, Pula, Croatia. 

FAO/IAEA Workshop on Genetic Diversity Analysis 
and Colony Management. 23–25 February 2023, Patras, 
Greece.  

FAO/IAEA Regional Training Course on Fruit Fly Sur-
veillance and Identification (under Reginal TC Project 
RAS5097). 27 February–3 March 2023, Kuala Lumpur, 
Malaysia.  
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Past Events (2021–2022) 
I. Research Coordination Meetings 
(RCMs) of FAO/IAEA Coordinated 
Research Projects (CRPs) 

Fourth RCM on Improved Field Performance of Sterile Male 
Lepidoptera to Ensure Success in SIT Programmes.                  
18–21 May 2021 (virtual).  

First RCM on Mosquito Radiation, Sterilization and Quality 
Control. 31 May–4 June 2021 (virtual). 

Third RCM on Integration of the SIT with Biocontrol for 
Greenhouse Insect Pest Management. 21–25 June 2021 (vir-
tual). 

Second RCM on Assessment of Simultaneous Application of 
SIT and MAT to Enhance Bactrocera Fruit Fly Management. 
28 June–2 July 2021 (virtual). 

Second RCM on Improvement of Colony Management in 
Insect Mass-rearing for SIT Applications. 30 August–3 Sep-
tember 2021 (virtual). 

Second RCM on Generic Approach for the Development of 
Genetic Sexing Strains for SIT Applications. 18–22 October 
2021, Vienna, Austria (hybrid). 

First RCM on Improving SIT Fruit Fly Field Programmes. 
1–5 November 2021 (virtual). 

II. Consultants and Expert Meetings 

FAO/IAEA Consultancy Meeting on Improving SIT Fruit Fly 
Field Programmes. 7–11 June 2021 (virtual). 

FAO/IAEA Consultancy Meeting on Rearing of Lepidoptera 
for SIT Application. 8–12 November 2021 (virtual). 

FAO/IAEA Consultancy Meeting on Mosquito Male Perfor-
mance. 23–27 May 2022, Vienna, Austria. 

FAO/IAEA Consultancy Meeting on Aedes Mosquito Sterile 
Insect Technique Package: Review and Future Perspectives. 30 
May–1 June 2022, Vienna, Austria. 

FAO/IAEA Consultancy Meeting on Guideline on Trans-
boundary Shipments of Sterile Insects. 13–17 June 2022,        
Vienna, Austria. 

III. Other Meetings/Events 

FAO/IAEA First Coordination Meeting on Enhancing the Ca-
pacity to Integrate Sterile Insect Technique in the Effective 
Management of Invasive Aedes Mosquitoes (under Regional 
TC Project RER5026). 15–19 February 2021 (virtual). 

FAO/IAEA First Coordination Meeting on Enhancing Capac-
ity for the Use of the Sterile Insect Technique as a Component 
of Mosquito Control Programmes (under Regional TC Project 
RLA5083). 22–24 February 2021 (virtual). 

Fifteenth Session of the Commission on Phytosanitary 
Measures (CPM-15), International Plant Protection Conven-
tion, FAO. 16, 18 March and 1 April 2021 (virtual). 

FAO/IAEA Regional Training Course on Pest Risk Analysis 
(under regional TC Project RLA5090). 23–29 March 2022 
(virtual). 

FAO/IAEA Second Regional Coordination Meeting on 
Strengthening Food Security Through Efficient Pest Manage-
ment Schemes Implementing the Sterile Insect Technique as 
a Control Method (under Regional TC Project RLA5082).       
7 April 2021 (virtual). 

FAO/IAEA Second Regional Coordination Meeting on 
Strengthening the Regional Capacities in the Prevention and 
Progressive Control of Screwworm (under Regional TC Pro-
ject RLA5075). 8 April 2021 (virtual). 

FAO/IAEA Regional Workshop on State-of-the-Art Sterile 
Fruit Fly Shipping, Packing and Release Systems (under Re-
gional TC Project RLA5082). 16 April 2021 (virtual). 

FAO/IAEA Second Regional Coordination Meeting on Ad-
vancing and Expanding Area-Wide Integrated Management 
of Invasive Pests, Using Innovative Methodologies Including 
Atomic Energy Tools (under Regional TC Project RAS5090). 
19 May 2021 (virtual). 

FAO/IAEA First Coordination Meting on Validating the Ster-
ile Insect Technique for the Control of the South American 
Fruit Fly (under regional TC Project RLA5087). 23–25 May 
2022 (virtual). 

FAO/IAEA First Coordination Meting on Advancing Surveil-
lance and Progressive Control of the New World Screwworm 
Using the Sterile Insect Technique (under regional TC Project 
RLA5088). 1–3 June 2022 (virtual). 

FAO/IAEA Regional Training Course on SIT Components: 
‘Methods for Mass-Rearing and Irradiation of Aedes Mosqui-
toes’ (Module I) (under Regional TC Project RLA5083).    
15–18 June 2021 (virtual). 
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FAO/IAEA High-Level Group Scientific Visit for Uruguay 
on Area-Wide Integrated Pest Management Programmes for 
the Control of the New World Screwworm (under regional TC 
Project RLA5088). 27 June–1 July 2022, Pecora, Panama. 

FAO/IAEA Regional Workshop on Phytosanitary Schemes to 
Enable Fruit Exports Under the Framework of the WTO and 
the SPS Agreement (under Regional TC Project RLA5082). 
21 June–2 July 2021 (virtual). 

FAO/IAEA Regional Workshop on MEDNIP Database (un-
der Regional TC Project RAS5090). 26–28 July 2021 (vir-
tual). 

FAO/IAEA Regional Training Course on SIT Components: 
Mosquito Monitoring, Data Collection and Data Manage-
ment (Module II) (under Regional TC Project RLA5083). 
27–30 July 2021 (virtual). 

FAO/IAEA Regional Workshop on Managing Fruit Fly Sur-
veillance Networks Based on Risk Factors (under Regional 
TC Project RLA5082). 26 July–6 August 2021 (virtual). 

FAO/IAEA Regional Workshop on Communication Strate-
gies for the Use of the Sterile Insect Technique as a Compo-
nent of Mosquito Control (under Regional TC Project 
RLA5083). 3–5 and 9–11 November 2021 (virtual). 

FAO/IAEA Regional Training Course on Management and 
Statistical Analysis of Data Collected from Mark-Release-Re-
capture Studies for Aedes Mosquitoes in Preparation of SIT 
Pilot Trials (under Regional TC Project RER5026).                  
6–10 December 2021 (virtual). 

FAO/IAEA Regional Workshop on Challenges and Solu-
tions in the Implementation of SIT based Technologies 
against Aedes Vectors (under Regional TC Project 
RAS5082), co-organized with the National Environment 
Agency, Singapore. 12–19 January 2022 (virtual). 

FAO/IAEA Second Coordination Meeting on Enhancing 
Capacity for the Use of the Sterile Insect Technique as a 
Component of Mosquito Control Programmes (under Re-
gional TC Project RLA5083). 1–3 February 2022 (virtual). 

FAO/IAEA Regional Stakeholder Engagement Meeting to 
Achieve Early Support to Sterile Insect Technique Pilot Tri-
als against Aedes Mosquitoes (under Regional TC Project 
RER5026). 4–6 April 2022, Bologna, Italy. 

FAO/IAEA Regional Training Course on Vector Control 
Needs Assessment, Co-organized with the World Health Or-
ganization Regional Office for Europe (under Regional TC 
Project RER5026). 9–13 May 2022, Limassol, Cyprus. 

FAO/IAEA First Coordination Meeting on Enhancing Re-
gional Capacity for the Implementation of the Sterile Insect 
Technique as a Component for Area-Wide Tsetse and Trypa-
nosomosis Management (under Regional TC Project 
RAF5087). 20–24 June 2022, Vienna, Austria. 

FAO/IAEA First Regional Coordination Meeting on 
Strengthening and Harmonizing Surveillance and Suppres-
sion of Fruit Flies (under Regional TC Project RAS5097).  
21–23 June 2022 (virtual). 
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Technical Cooperation Projects
The Insect Pest Control Subprogramme currently has technical responsibilities for the following technical cooperation projects 
that are managed by the IAEA’s Department of Technical Cooperation. They can be classed under four major topics, namely: 

 Biocontrol using radiation 
 Human disease vectors 
 Livestock pests  
 Plant pests 
 

Country 
Project 
Number  

Ongoing National Projects Technical Officer 

Bangladesh BGD5035 Validating the Sterile Insect Technique as a Key Component of an 
Area-Wide Integrated Pest Management Programme Against Ae-
des aegypti in Dhaka 

Maylen Gómez 

Bolivia BOL5023 Fruit Fly Control in Bolivia Using Integrated Pest Management 
Including the Sterile Insect Technique 

Walther Enkerlin 

Brazil BRA5061 Using the Sterile Insect Technique to Apply a Local Strain in the 
Control of Aedes aegypti (Phase II) 

Rui Cardoso Pereira 

Burkina Faso BKF5020 Strengthening the Insectarium to Create Agropastoral Areas Per-
manently Liberated from Tsetse Flies and Trypanosomiasis 

Adly Abdalla 
 

Burkina Faso BKF5023 Implementing the Sterile Insect Technique to Reduce Wild Popu-
lations of Aedes aegypti and Tsetse  

Adly Abdalla 

Maylen Gómez 

Cameroon CMR5026 Supporting the National Fruit Fly Management Programme Daguang Lu  

Cambodia KAM5006 Implementing Fruit Fly Surveillance and Control Using Area-
wide Integrated Pest Management 

Daguang Lu 

Chad CHD5011 Implementing the Sterile Insect Technique to Control Glossina 
fuscipes fuscipes — Phase II 

Adly Abdalla  
Chantel de Beer 

Chile CHI5051 Implementing Pilot Level of Sterile Insect Technique for Control 
of Lobesia botrana in Urban Areas 

Walther Enkerlin 

China CPR5026 Applying the Sterile Insect Technique as Part of an Area-wide In-
tegrated Pest Management Approach to Control Two Fruit Flies 

Daguang Lu 

China CPR5027 Demonstrating Feasibility of the Sterile Insect Technique in the 
Control of the Codling Moth, Cydia pomonella 

Walther Enkerlin 

Cuba CUB5021 Demonstrating the Feasibility of the Sterile Insect Technique in 
the Control of Vectors and Pests 

Rui Cardoso Pereira 

Cyprus CYP5020 Developing a National Rapid Response Strategy for the Preven-
tion of the Establishment of the Asian Tiger Mosquito 

Jeremy Bouyer 

Dominican 
Republic 

DOM0006 Building and Strengthening the National Capacities and Providing 
General Support in Nuclear Science and Technology 

Walther Enkerlin 
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Ecuador ECU5031 Enhancing the Application of the Sterile Insect Technique as Part 
of an Integrated Pest Management Approach to Maintain and Ex-
pand Fruit Fly Low Prevalence and Free Areas 

Walther Enkerlin 

Ecuador ECU5032 Building Capacity for Mass Rearing, Sterilization and Pilot Re-
lease of Aedes aegypti and Philornis downsi Males 

Maylen Gómez  
Walther Enkerlin  

Ethiopia ETH5023 Enhancing Livestock and Crop Production through Consolidated 
and Sustainable Control of Tsetse and Trypanosomosis to Con-
tribute to Food Security 

Chantel de Beer 

El Salvador ELS5015 Integrated Management of Fruit Flies using the Sterile Insect 
Technique to Establish Areas of Low Prevalence of Fruit Flies 

Walther Enkerlin 

Fiji FIJ5003 Implementing Pesticide-Free Suppression and Management of 
Fruit Flies for Sustainable Fruit Production 

Daguang Lu 

Grenada GRN0001 Building National Capacity through the Applications of Nuclear 
Technology 

Rui Cardoso Pereira 

Guatemala GUA5021 Strengthening National Capabilities for the Control of Agricul-
tural Pests Using Nuclear Technologies 

Walther Enkerlin 

Israel ISR5021 Assisting in the Development of a Strategy to Counteract Bac-
trocera zonata 

Walther Enkerlin 

Israel ISR5022 Establishing the Sterile Insect Technique Methodology for the 
Management of the False Codling Moth, Thaumatotibia leuco-
treta, and Enhancing Integrated Pest Management Against the 
Peach Fruit Fly, Bactrocera zonata 

Walther Enkerlin 

Jamaica JAM5014 Establishing a Self-Contained Gamma Irradiation Facility for the 
Introduction of Sterile Insect Technique and Experimental Muta-
genesis and Diagnostic Technologies 

Rui Cardoso Pereira 

Libya LIB5014 Supporting Control of Fruit Flies by Establishing a Low Fruit Fly 
Prevalence Zone 

Daguang Lu 

Mauritius MAR5028 Enhancing National Capabilities on the Suppression of Aedes Al-
bopictus in an Urban Locality Using the Sterile Insect Technique 
as Part of an Integrated Vector Management Strategy 

Maylen Gómez 

Mexico MEX5032 Scaling Up the Sterile Insect Technique to Control Dengue Vec-
tors 

Kostas Bourtzis 

Morocco MOR5038 Strengthening the Use of the Sterile Insect Technique Walther Enkerlin 
Carlos Cáceres 

Myanmar MYA5029 Improving Fruit Yield and Quality by Using Sterile Insect Tech-
niques as Part of Area-Wide Integrated Pest Management of Fruit 
Flies in the Mandalay Region 

Daguang Lu 

Palau PLW5003 Facilitating Sustainability and Ensuring Continuity of Area-wide 
Pest Management — Phase III 

Daguang Lu 

Portugal POR5006 Integrating the Sterile Insect Technique in the Control of the In-
vasive Vector Mosquito Aedes albopictus 

Maylen Gómez 
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Senegal SEN5040 Strengthening National Capacities to Create a Tsetse-Free Zone 
Using the Sterile Insect Technique 

Marc Vreysen  

South Africa SAF5015 Supporting the Control of Nagana in South Africa Using an Area-
wide Integrated Pest Management Approach with a Sterile Insect 
Technique Component - Phase I 

Marc Vreysen 

South Africa SAF5017 Assessing the Sterile Insect Technique for Malaria Mosquitoes — 
Phase III 

Hanano Yamada 

Seychelles SEY5012 Establishing Area-wide Integrated Pest Management by Using the 
Sterile Insect Technique in Combination with Other Control 
Methods on the Suppression of the Melon Fly 

Rui Cardoso Pereira 

Sudan SUD5042 Implementing the Sterile Insect Technique for Integrated Control 
of Anopheles arabiensis — Phase III 

Adly Abdalla 

Turkey TUR5026 Conducting a Pilot Program on Integrated Management of Aedes 
aegypti Including Sterile Insect Technique 

Maylen Gómez 

Turkey TUR5027 Implementation of SIT for Suppression and Eradication of Medfly 
in Turkey 

Daguang Lu 

United 
Republic of 
Tanzania 

URT5034 Implementing Pre-Operational Activities for the Elimination of 
Glossina swynnertoni through Area-wide Integrated Pest Man-
agement with a Sterile Insect Technique Component 

Chantel de Beer 

United  
Republic of 
Tanzania 

URT5035 Implementing the Sterile Insect Technique as Part of Area-wide 
Integrated Pest Management for Controlling Invasive Fruit Fly 
Populations  

Daguang Lu 

 

  Ongoing Regional Projects  

Regional 
Africa 

RAF5074 Enhancing Capacity for Detection, Surveillance and Suppression 
of Exotic and Established Fruit Fly Species through Integration of 
Sterile Insect Technique with Other Suppression Methods 

Daguang Lu 

Regional 
Africa 

RAF5087 Enhancing Regional Capacity for the Implementation of the Ster-
ile Insect Technique as a Component for Area-Wide Tsetse and 
Trypanosomosis Management (AFRA) 

Maylen Gómez 

Regional Asia 
& the Pacific 

RAS5082 Managing and Controlling Aedes Vector Populations Using the 
Sterile Insect Technique 

Marc Vreysen  
Hamidou Maiga 

Regional Asia 
& the Pacific 

RAS5086 Assessing the Efficiency of the Sterile Insect Technique for the 
Control of the Cocoa Pod Borer 

Marc Vreysen 

Regional Asia 
& the Pacific 

RAS5090 Advancing and Expanding Area-wide Integrated Management of 
Invasive Pests, Using Innovative Methodologies Including 
Atomic Energy Tools 

Walther Enkerlin 

Regional Asia 
& the Pacific 

RAS5095 Enhancing the Capacity and the Utilization of the Sterile Insect 
Technique for Aedes Mosquito Control 

Marc Vreysen 
Hamidou Maiga 

Regional Asia 
& the Pacific 

RAS5097 Strengthening and Harmonizing Surveillance and Suppression of 
Fruit Flies 

Daguang Lu  
Rui Cardoso Pereira 
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Regional 
Europe 

RER5026 Enhancing the Capacity to Integrate Sterile Insect Technique in 
the Effective Management of Invasive Aedes Mosquitoes 

Wadaka Mamai 
Jeremy Bouyer 

Regional  
Latin  
America 

RLA5082 Strengthening Food Security through Efficient Pest Management 
Schemes Implementing the Sterile Insect Technique as a Control 
Method 

Walther Enkerlin 

Regional  
Latin  
America 

RLA5083 Enhancing Capacity for the Use of the Sterile Insect Technique as 
a Component of Mosquito Control Programmes 

Maylen Gómez 

Regional  
Latin  
America 

RLA5084 Developing Human Resources and Building Capacity of Member 
States in the Application of Nuclear Technology to Agriculture 

Walther Enkerlin  
Rui Cardoso Pereira 

Regional 
Latin  
America 

RLA5087 Validating the Sterile Insect Technique for the Control of the 
South American Fruit Fly (ARCAL) 

Walther Enkerlin 

Regional 
Latin  
America 

RLA5088 Advancing Surveillance and Progressive Control of the New 
World Screwworm Using the Sterile Insect Technique 

Walther Enkerlin 
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Highlights of Technical Cooperation 
Projects 

Strengthening Food Security through Effi-
cient Pest Management Schemes Imple-
menting the Sterile Insect Technique as a 
Control Method (RLA5082) 

Eradication of the Mediterranean Fruit Fly from 
the State of Colima, Mexico 

The Mediterranean fruit fly (or medfly) Ceratitis capitata, 
Wied., is considered among the most devastating insect pests 
worldwide due to the direct damage it inflicts to a wide range 
of fruit and vegetable crops, as well as due to quarantine re-
strictions to fruit trade imposed by countries which are free 
from this pest. In 1977, the Governments of Guatemala, 
Mexico and the USA joined forces against this pest by es-
tablishing the Moscamed Regional Programme for the pre-
vention and eradication of the pest, which, by that year, had 
invaded Guatemala and Chiapas in the southern part of Mex-
ico bordering Guatemala. Through the actions of the Mos-
camed Programme, the medfly was eradicated from Mexico 
in 1982 using an area-wide integrated pest management 
(AW-IPM) scheme based on the sterile insect technique 
(SIT). Since then, an effective containment barrier has been 
kept preventing introduction of the pest to northern Guate-
mala, Mexico, and the USA.  

 

Mediterranean fruit fly (Ceratitis capitata, Wied.) detections and out-
breaks in the State of Colima Mexico, June 2021. 

In Mexico, this has paved the way for the country’s devel-
opment and diversification of the horticultural industry, be-
coming the seventh producer and exporter of fresh fruits and 
vegetables in the world, including avocado, mango, papaya, 
guava, citrus, tomato, and others, valued at tens of billions 
of US dollars per annum in the local and export markets and 
generating millions of jobs and demand for services in the 
rural areas of the country. 

In April 2021, an outbreak of Mediterranean fruit fly oc-
curred along the Pacific Coast in the State of Colima, Mex-
ico, about 1 300 km north from where the medfly contain-
ment barrier is kept in the State of Chiapas and Guatemala. 

The establishment of the pest in the state of Colima would 
jeopardize the success of the Moscamed Programme and 
would put at high risk the production and exports of fruits 
and vegetables from Colima and from the entire country as 
well as greatly increasing the risk of the pest introduction 
into the USA. 

 

Ground release of sterile male Mediterranean fruit flies, Colima, Mex-
ico. 

The medfly outbreak was detected in the vicinity of the Port 
of Manzanillo with several male adult flies caught in a Jack-
son trap baited with the specific male attractant, Trimedlure. 
This port handles over 2.5 million containers per year, being 
the largest port in Mexico. The goods being imported to the 
country include horticultural products from Central and 
South America, Asia, and the Mediterranean Basin, many of 
which are fruit fly hosts. 

After confirming the medfly outbreak, the Mexico Plant Pro-
tection General Directorate (DGSV), National Service for 
Plant and Animal Health, Food Safety and Quality 
(SENASICA), immediately implemented an emergency re-
sponse which included the delimitation of the outbreak as 
well as suppression and eradication measures. A surveil-
lance programme composed of 4 436 traps was implemented 
throughout the whole state for pest delimitation purposes. It 
soon became clear that the pest was widespread in the state 
with the main populations present in the urban areas infest-
ing fruits of the tropical almond (Terminalia cattapa) which 
is used by the households as shade trees. Without an imme-
diate intervention, the risk of the pest spreading into the 
commercial fruit and vegetable production areas would have 
been extremely high.  

In June 2021, an FAO/IAEA expert reviewed the emergency 
response plan and provided advise on the implementation of 
the surveillance system and the eradication strategy. In Oc-
tober, the same expert provided follow-up to the emergency 
plan and gave specific recommendations to adjust the emer-
gency response. After seven months of intensive and 
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extensive suppression and eradication activities including 
the weekly aerial releases of 1 170 million sterile male flies, 
the pest population was substantially reduced to low preva-
lence levels. So far, seven biological cycles (about seven 
months) of the pest have been completed with no further de-
tections since the last one that occurred on 26 October 2021.  

 

FAO/IAEA Technical Advisory Panel (TAP) visiting the Port of Manza-
nillo in Colima, Mexico, April 2022. 

Given the favourable progress made in the eradication of the 
pest, in April 2022 an FAO/IAEA Technical Advisory Panel 
(TAP) visited the State of Colima to evaluate the results ob-
tained so far onsite, to confirm the status of the pest and to 
provide further recommendations.  

The TAP confirmed that the pest population is close to being 
eradicated and recommended to continue the sterile fly re-
leases until June 2022 in order to eliminate the remaining fly 
population pockets. It also recommended the implementa-
tion of a specific survey to verify absence of the pest for at 
least one biological cycle once sterile fly releases have 
stopped.  

The results of the verification survey will be used as tech-
nical criteria to officially declare eradication and to reinstate 
the fruit fly free area status. 

Advancing and Expanding Area-Wide Inte-
grated Management of Invasive Pests, Using 
Innovative Methodologies Including Atomic 
Energy Tools (RAS5090) 

 

Workshop on Pest Risk Analysis (PRA). 23–30 
March 2022 (virtual) 

Globalization has increased travel of people worldwide as 
well as international trade of goods including agricultural 
products. With this, also the risk of introducing invasive 
quarantine pests capable of inflicting devastating damage to 
food security worldwide has significantly increased. 

Climate change (in particular global warming) plays also an 
important role in increasing the risk of survival and estab-
lishment of quarantine pests in places where they could not 
previously survive. Countries and regions in the world are 
exposed to this increasing threat, including FAO and IAEA 
Member States in the Middle East. 

 

Participants of the virtual workshop on Pest Risk Analysis (PRA). 

Under this context, a virtual workshop on PRA was con-
ducted within the framework of regional technical coopera-
tion project RAS5090. The PRA is a unique tool for as-
sessing the risk of introduction of regulated pests and pro-
vides phytosanitary measures to manage the pest risk.  

A total of 25 participants from Israel, Jordan and Territories 
Under the Jurisdiction of the Palestinian Authority attended 
the workshop, including the regional project counterparts 
and staff from their plant protection organizations.   

A total of 20 hours of lectures including theory and practical 
exercises were offered. The topics included: 1) introduction 
to PRA, 2) the World Trade Organization agreement on san-
itary and phytosanitary measures (WTO-SPS) and the Inter-
national Plant Protection Convention (IPPC) framework, 3) 
relevant International Standards for Phytosanitary Measures 
(ISPMs) including ISPM 11 ‘Pest risk analysis for quaran-
tine pests’, 4) resources available to conduct PRAs, and 5) 
case studies on application of PRAs to facilitate opening of 
trade. The workshop was delivered by the international ex-
pert Mr Manuel Mejia, Technical Director of Risk Analysis, 
Colombian Agricultural Institute, ICA, Colombia. 

The plant protection organizations of Israel, Jordan and Ter-
ritories Under the Jurisdiction of the Palestinian Authority 
have been trained in conducting PRA and are now better 
equipped to mitigate the risk of quarantine pests while facil-
itating international trade. 

  



Insect Pest Control Newsletter, No. 99, July 2022 

 

13 

Capacity Building for Mass Rearing, Sterili-
zation and Pilot Release of Aedes aegypti and 
Philornis downsi males in Ecuador 
(ECU5032) 

Philornis downsi 

Twenty-one bird species in the Galapagos Islands, including 
12 species of Darwin’s finches, are under threat from an in-
vasive parasitic fly, Philornis downsi. Commonly known as 
the Avian Vampire Fly, this fly was accidentally introduced 
in the Galapagos Islands and is now seriously affecting the 
survival of at least seven of these Galapagos bird species. 
One of these species is the critically endangered Mangrove 
Finch, with only about 100 individuals left in the wild. The 
flies are adept at locating bird nests to lay their eggs. Once 
larvae hatch, they feed on the blood of hatchlings, sometimes 
causing all of the chicks in a nest to die. 

 

Avian Vampire Fly larvae collected from a Galapagos Mockingbird 
nest. These larvae feed on the blood of bird hatchlings (Photo: Paola 

Lahuatte). 

The Galapagos National Park Directorate (GNPD) with the 
Charles Darwin Foundation (CDF) are coordinating a multi-
institutional collaborative effort to find effective and envi-
ronment-friendly control methods for the Avian Vampire 
Fly. The Food and Agriculture Organization of the United 
Nations (FAO) and the International Atomic Energy Agency 
(IAEA) through the IAEA Technical Cooperation (TC) pro-
ject is supporting the studies in Galapagos to pave the way 
for using the Sterile Insect Technique (SIT) as a control tool. 
The first steps include: (1) developing techniques to mass-

rear this parasitic fly; (2) improving trapping techniques for 
estimating fly populations in the field; and (3) training per-
sonnel on using these techniques. 

Considerable progress has been made towards meeting these 
goals. With the help of an IAEA expert mission and new la-
boratory equipment, an essential component missing from 
the lab-reared flies' diet - brewer's yeast - was identified. 
This addition to the diet, and improvements made to the rear-
ing methods by CDF scientists, has enabled on-demand pro-
duction of flies for the first time, with up to 500 flies pro-
duced per week. Analyses conducted through IAEA subcon-
tracts with State University of New York College of Envi-
ronmental Science and Forestry have identified some chem-
ical compounds in the odours produced by the flies and birds 
that could be used as attractants in traps in the field. These 
will be tested in 2022. Lastly, six Galapagos residents have 
been receiving ongoing training in the rearing and trapping 
methods in situ.  

 

Laboratory assistants Andrea Cahuana (left), Joselyn Yar (center) and 
Magally Infante (right) tending to the Avian Vampire Fly colonies in the 
laboratory at the Charles Darwin Research Station (Photo: Paola La-

huatte). 

Further studies are needed to build on the information col-
lected to date about this little-known fly species. One of the 
most pressing needs is to find a way to standardize the blood 
diets given to the larvae; blood from free-range chickens is 
currently used. Also, so far, lab-rearing is dependent on col-
lecting eggs from female flies caught in the wild. A full un-
derstanding of the factors that trigger mating is needed to get 
flies to mate in captivity. So far, the CDF team has discov-
ered that dusk is an important factor. Once flies mate and lay 
fertile eggs consistently, studies will be needed to produce 
enough males, since male sterile flies are the key component 
of the SIT. Tests will also be needed to determine the correct 
doses of irradiation required to render the flies sterile.  

The progress made on this project to date has allowed GNPD 
and CDF to move forward with studies necessary to evaluate 
the efficacy of SIT, as well as to make progress on develop-
ing complementary control techniques. Reduction in Avian 
Vampire Fly numbers through an integrated management 
approach will help protect bird hatchlings from fly parasit-
ism and ensure the long-term conservation of Darwin’s 
finches and other land birds endemic to this UNESCO World 
Heritage Site.   
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Enhancing Capacity for the Use of the Ster-
ile Insect Technique as a Component of Mos-
quito Control Programs (RLA5083) 

Second Coordination Meeting, 1–3 February 2022 
(virtual) 

After the 2016 Zika outbreak in many American countries, 
the International Atomic Energy Agency (IAEA) in collab-
orating with the Food and Agriculture Organization of 
United Nations (FAO) endeavoured to help Member States 
to build capacities in Latin America and the Caribbean Re-
gion to evaluate and validate the SIT in open field conditions 
as a complementary tool for mosquito population control. In 
this context, the IAEA technical cooperation project 
RLA5083 aims to provide technical support for the partici-
pating Member States to develop their capacity for gathering 
entomological data through monitoring the mosquito popu-
lation and, also, to further develop the SIT components, by 
building capacities to mass-rearing, irradiation, handling, 
transporting, and releasing Aedes spp. sterile males. Besides, 
the project supports aspects from an ethical and regulatory 
perspective, along with strategies for an effective engage-
ment with communities and stakeholders during the SIT 
evaluation. From this perspective, the region builds and 
strengthens the capacities and the networks harmonizing the 
SIT package information among the participants.  

 
Participants of the Second Coordination Meeting on Enhancing Capac-
ity for the Use of the Sterile Insect Technique as a Component of Mos-

quito Control Programmes (held virtually). 

The second coordination meeting of the RLA5083 project 
was held virtually and was attended by counterparts from 
participating MSs of the Latin America and Caribbean Re-
gion. The meeting reviewed the project’s status and the pro-
gress achieved in 2021. During the meeting, all challenges 
faced by the MSs with respect to the implementation of the 
SIT package targeting Aedes species were discussed at both 
national and regional level. Technical discussions took place 
and focused on the ‘Phase Conditional Approach’ since this 
is essential during the preparation and implementation of 
SIT field trials. Based on the Phase Conditional Approach: 
1) two MSs have implemented field projects with additional 
support of their respective TC National Project, and they 
showed an effective Aedes aegypti population reduction. 

The next step is to scale up and incorporate new areas; 2) 
eight MSs are at the pre-intervention phase groups identify-
ing and engaging key stakeholders for a strong commitment 
prior to the pilot trial; 3) eight MSs are building capacities, 
and actively collecting relevant baseline data, a prerequisite 
to perform an appropriate intervention strategy to reduce the 
mosquito population using SIT. 

During the meeting, advanced MSs, such as Brazil, shared 
with all participants lessons learned, bottlenecks, and chal-
lenges faced during the implementation phase of the SIT pi-
lot project in Recife, Brazil which had a complex logistic 
and entomological scenario towards the suppression of the 
target mosquito population.  

In summary, the MSs discussed the implementation activi-
ties in 2021 and the work plan proposed for 2022. All par-
ticipating MSs discussed and agreed with the upcoming pri-
orities according to the Phase Conditional Approach aiming 
to enhance capacities, networking, and harmonizing proce-
dures at the regional level for the adoption of the SIT pack-
age for mosquito control which are the vectors of diseases 
such as dengue, chikungunya and Zika in the Latin America 
and Caribbean region.  

Managing and Controlling Aedes Vector 
Populations Using the Sterile Insect Tech-
nique (RAS5082) 
Workshop on Challenges and Solutions in the Im-
plementation of SIT based Technologies against 
Aedes vectors. 12–19 January 2022 (virtual) 

This IAEA TC project aims to equip participants with the 
skills to use sterile insect technique (SIT) based approaches 
to suppress Aedes aegypti and Aedes albopictus populations. 
To achieve this objective, the project provides assistance to 
the participating Member States to develop capacities in 
mass-rearing, irradiation and release methods of Aedes spp., 
as components of the SIT package. A virtual workshop was 
held and aimed to identify the challenges and the solutions 
in the implementation of SIT based technologies against Ae-
des vectors. The workshop consisted of (i) country presenta-
tions on the status of their SIT project, (ii) expert presenta-
tions on the challenges and the solutions in the application 
of SIT based technologies, including epidemiological pilot 
trials, and (iii) discussion on individual case studies by 19 
participants from 11 Member States including Bangladesh, 
Cambodia, China, Indonesia, Malaysia, Myanmar, Pakistan, 
Philippines, Singapore, Sri Lanka, and Thailand.  

The knowledge of challenges, potential pitfalls and innova-
tive solutions gained by each participant will help to accel-
erate the development of SIT based technologies in respec-
tive Member States. 
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Enhancing the Capacity and the Utilization 
of the Sterile Insect Technique for Aedes 
Mosquito Control (RAS5095) 

First Coordination Meeting. 20 April 2022 (virtual) 

As part of an area-wide integrated pest management (AW-
IPM) approach to manage insect pest populations, the 
FAO/IAEA has been supporting the integration of the SIT 
into existing national pest control strategies by equipping 
participants with the skills to use SIT based approaches to 
suppress Aedes aegypti and Aedes albopictus mosquito vec-
tor populations. To continue building on the experience 
gained under project RAS5082, a new regional TC project 
RAS5095 was approved for the years 2022–2025, to support 
Member States in the development of the required capacities 
to effectively implement SIT within their integrated mos-
quito control strategies. The meeting was attended by two 
participants from each of 13 participating Member States, 
i.e., Bangladesh, China, Indonesia, Iran, Jordan, Malaysia, 
Mongolia, Pakistan, Philippines, Singapore, Sri Lanka, 
Thailand and Viet Nam.  

The meeting reviewed the project workplan and future ac-
tivities, the status of each participating Member State within 
the Phased Conditional Approach, and areas that require 
support. 

Enhancing the Capacity to Integrate the 
Sterile Insect Technique in the Effective 
Management of Invasive Aedes Mosquitoes 
(RER5026) 

Regional Training Course on Data Management of 
Mark-Release-Recapture studies for Aedes Mosqui-
toes in Preparation of SIT Pilot Trials. 6–10 Decem-
ber 2021 (virtual) 

Mark-Release Recapture (MRR) studies are essential and a 
prerequisite for effectively planning and implementing SIT 
programmes. The appropriate collection, management, and 
analysis of the data is important to warrant proper implemen-
tation of sterile insect releases in the field. The training pro-
vided the participants with the basic knowledge on the use 
of a spreadsheet for MRR studies. The virtual training course 
covered basic knowledge on MRR principles for SIT, organ-
izing and handling data using the spreadsheet and the R 
package to infer the main parameters of sterile males such as 
survival and dispersal. The training was conducted with ten 
participants from seven Member States (Albania, Cyprus, 
Greece, Montenegro, Portugal, Serbia, Turkey) as well as 
two experts from France (La Reunion and Montpelier) who 
presented their experience in MRR studies. The training was 
of great importance for capacity building in preparation of 
SIT programmes. 

Regional Stakeholder Engagement Meeting on 
Early Support to Sterile Insect Technique Pilot Tri-
als against Aedes Mosquitoes. 4–6 April 2022. Bolo-
gna, Italy 

Mosquito species are a considerable threat to both humans 
and animals for their role as vectors of diseases and nui-
sance. Over the past decades, Aedes-borne diseases are of 
growing concern globally and particularly in Europe, and 
new effective control technologies are urgently needed, in-
cluding the SIT. Under the regional TC project RER5026, 
IAEA is supporting European Member States with respect to 
the transfer and application of the SIT against invasive mos-
quito species, including cooperation and networking among 
the countries already affected, or at high risk for invasive 
disease-transmitting mosquito species. Stakeholder engage-
ment and early support is critical in area-wide integrated 
control of mosquitoes with an SIT component.  

 

Participants of the Regional Stakeholder Engagement Meeting on Early 
Support to Sterile Insect Technique Pilot Trials against Aedes Mosqui-
toes visiting the CAA mosquito mass-rearing module in Crevalcore, It-

aly. 

Therefore, this meeting was organized to raise awareness of 
local and regional stakeholders involved in mosquito con-
trol, health policy authorities and national or regional fund-
ing organizations to mobilize the necessary support and in-
vestment for SIT pilot trials. Nineteen participants from 6 
countries (Albania, Croatia, Cyprus, Greece, Portugal, Ser-
bia) as well as local participants and experts from France, 
Germany, Italy, and Switzerland attended the meeting. The 
principles of the application of SIT as a component of area-
wide integrated pest management was presented, current SIT 
pilot trials reviewed, and examples provided of relevant 
stakeholder’s supports on policy and funding mechanisms. 
The progress of each participating Member State was as-
sessed, and the way in which stakeholder engagement could 
be enhanced. Participants also attended the release of sterile 
male Aedes albopictus in a 100ha area of Bologna, Italy and 
visited the new mosquito mass-rearing module with a pro-
duction capacity of 1 million sterile males per week at the 
Centro Agricoltura Ambiente ‘G. Nicoli’ (CAA), that is an 
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IAEA Collaborating Center on the ‘Development and imple-
mentation of the SIT package for the suppression of Aedes 
mosquitoes’, located in Crevalcore, Italy. 

Regional Training Course on National Vector Con-
trol Needs Assessment in Preparation of Integrated 
Vector Management including the Sterile Insect 
Technique. 09–13 May 2022, Limassol, Cyprus 

In collaboration with World Health Organization (WHO) 
Regional Office for Europe and the European Centre for Dis-
ease Prevention and Control (ECDC), FAO and IAEA orga-
nized this workshop to build Member State’s capacity to as-
sess the situation of vectors, vector-borne diseases, and con-
trol methods at different levels, as well as to strengthen their 
capacity for a comprehensive identification of the prob-
lems/gaps, intervention methods, opportunities and needs 
based on a situation analysis. Participants were provided 
with practical guidance on the framework to conduct a Na-
tional Vector Control Needs Assessment including specific 
questions on SIT.  

The training allowed participants to identify and assess all 
major requirements (milestones) such as political commit-
ment, stakeholders, structures, human resources, legislations 
etc. for the completion of the baseline data collection and 

pre-intervention phases of the Phased Conditional Approach 
for testing the SIT against Aedes mosquitoes.  

 

Participants of the training on National Vector Control Needs Assess-
ment in Preparation of Integrated Vector Management including the 

Sterile Insect Technique, 9–13 May 2022, Limassol, Cyprus. 

Twenty participants including counterparts and stakeholders 
from 11 countries (Albania, Bosnia and Herzegovina, Bul-
garia, Croatia, Cyprus, Georgia, Greece, Montenegro, North 
Macedonia, Portugal and Serbia) as well as local participants 
and experts from Sweden, Germany, Netherland, and Swit-
zerland attended the training. 
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Coordinated Research Projects (CRPs) 
Project Number Ongoing CRPs Project Officer 

D4.30.03 Integration of the SIT with Biocontrol for Greenhouse Insect Pest Manage-
ment (2017–2022) 

Carlos Cáceres 

D4.20.17 Improvement of Colony Management in Insect Mass-rearing for SIT Ap-
plications (2018–2023) 

Adly Abd Alla 

D4.10.27 Assessment of Simultaneous Application of SIT and MAT to Enhance Bac-
trocera Fruit Fly Management (2019–2024) 

Rui Cardoso Pereira 

D4.40.03 Generic Approach for the Development of Genetic Sexing Strains for SIT 
Applications (2019–2024) 

Kostas Bourtzis 

D4.40.04 Mosquito Radiation, Sterilization and Quality Control (2020–2025) Jeremy Bouyer 

D4.10.29 Improving Rearing, Handling, and Field Components for Fruit Fly SIT Ap-
plication (2021–2026) 

Walther Enkerlin 

D4.10.28 Improve the Mass-Rearing of Lepidoptera Pests for SIT Programmes 
(2022–2027) 

Daguang Lu 

CRP Success Story: Mosquito Handling, 
Transport, Release and Male Trapping 
Methods (D4.40.02) 

A five-year FAO/IAEA coordinated research project (CRP) 
yielded new knowledge, tools and novel protocols for mon-
itoring, marking, handling, transporting and releasing sterile 
males of the world’s deadliest animal: the mosquito. 

A drone that was designed under the IAEA coordinated research project 
and tested in pilot projects for aerial releases of sterile mosquitoes 

(Photo: Moscamed Brasil). 

In recent years, mosquito-transmitted dengue has become a 
major international public health burden due to the increas-
ing spread of invasive mosquito species of the genus Aedes, 
which transmit dengue, chikungunya, Zika, and yellow 

fever. The recent increase of dengue cases, the Zika out-
breaks in the Americas in 2015 and 2016, and the low effec-
tiveness of insecticides and the environmental issues associ-
ated with insecticide used for mosquito control have in-
creased the demand to develop new environment-friendly 
and sustainable approaches. The sterile insect technique 
(SIT) is one such method that could be used, as a component 
of area-wide integrated pest management (AW-IPM) pro-
grammes, to control major disease-transmitting mosquito 
species and thus to improve human health. 

The SIT is a component of area-wide integrated pest man-
agement (AW-IPM) programmes with the potential applica-
tion for use against mosquitoes. The Joint FAO/IAEA Cen-
tre of Nuclear Techniques in Food and Agriculture has initi-
ated the development of the SIT package as a tool for man-
aging mosquito vector populations. The SIT requires of the 
mass production, sterilization and transportation of male 
mosquitoes to the release sites after having them first chilled 
for easy handling, with minimal detrimental impact on their 
quality and sexual competitiveness. Methods for population 
monitoring are also essential, so that the releases can target 
the wild population, assess the quality of sterile males, and 
evaluate the effectiveness of the SIT application on the sup-
pression of wild populations. 

Some of the critical issues for improving the SIT package 
for mosquitoes include the development and optimization of 
handling, transporting, and release procedures without 
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having a significant impact on sterile male survival, disper-
sion, and sexual performance. Furthermore, affordable and 
efficient tools to monitor the mosquito population before and 
during the releases of sterile males are needed. 

The main objective of this CRP was to provide the necessary 
advances in these techniques, to enable the SIT application 
against mosquitoes and help reduce vector populations in af-
fected countries. The CRP that involved 22 scientists from 
19 countries resulted in the following key achievements: 

 Novel and efficient trapping methods were developed 
and assessed for mosquito surveillance of an AW-IPM 
programme with an SIT component. An important next 
step will be the upscaling of these methods in support of 
mosquito SIT pilot projects. 

 A novel large-scale insect marking technique using Rho-
damine-B was developed and evaluated. This technique 
has the advantage of marking all the tissues of the mos-
quitoes, including sperm that can be retrieved and identi-
fied in mated females, and thus with great potential to es-
timate the sexual competitiveness of sterile male mosqui-
toes under field conditions. 

 The impact of temperature, time, and compaction levels, 
and their interactions was explored for the handling, ship-
ment, and transport of chilled males. The effect of these 
conditions on male quality was also assessed. Based on 
these results, suitable environmental conditions for short 
and long-distance shipment were obtained for Aedes ae-
gypti, Aedes albopictus and Aedes polynesiensis. 

 Concerning the release of mosquitoes, methods for 
ground and aerial releases (using drones) were devel-
oped. A Remotely Piloted Aircraft System with an em-
bedded mosquito release device was developed and eval-
uated under laboratory and field conditions for Ae. Ae-
gypti and showed negligible impact on male quality. 
While aerial releases using drones is a powerful and cost-
effective tool for mosquito releases, there are still several 
challenges to implement this approach in SIT pilot pro-
jects against mosquitoes. 

 

All-in-one mosquito container developed under the FAO/IAEA coordi-
nated research project for optimized handling, packing and ground re-

lease of Aedes albopictus males (Photo: TRAGSA, Spain). 

The research carried out in the framework of this CRP gen-
erated 22 scientific publications in peer-reviewed journals 
and several presentations in international and national scien-
tific meetings. The final CRP results will be published in a 
special issue of a peer-reviewed scientific journal. The next 
step is to transfer these new tools to the Member States to 
benefit their mosquito SIT pilot and operational projects 
worldwide. 
 

 
 



Insect Pest Control Newsletter, No. 99, July 2022 

 

19 

Developments at the Insect Pest Control  
Laboratory (IPCL)

Genetics and Molecular Biology 

Drosophila suzukii: Laboratory Domestication, Ge-
netics, and Microbiota 

Insects reared in an artificial environment undergo evolu-
tionary changes that lead to domesticated populations. Diet 
composition and availability, oviposition substrates, temper-
ature and humidity levels, photoperiod, high numbers of ma-
tes and absence of any stress that insects would have to con-
front in the wild are all promoters of laboratory adaptation. 
Maintaining populations in the laboratory often requires 
dense rearing conditions both of the larval and adult stages, 
primarily due to space and resource limitations which can 
subsequently lead to changes in fitness traits. During a colo-
nization process, the descendants of each generation are not 
mixed with the parental line and individuals that reproduce 
and develop faster are often selected and seed the next gen-
eration. However, the rate and extent of laboratory adapta-
tion can vary substantially among species. For example, la-
boratory-adapted strains of Tephritidae showed a shorter 
lifespan and preoviposition period, but increased emission 
of male-produced volatiles. In addition, studies on various 
species showed a declining genetic variability and loss of 
heterozygosity with colonization. 

Gut microbiota is part of the holobiont, a notion that consid-
ers the host and its microbiota as a biological unit of selec-
tion in evolution. Key host traits, such as development, fe-
cundity, longevity, and mating behaviour are affected by gut 
bacteria. Laboratory colonization induces changes on gut 
microbial communities when a wild insect population is in-
troduced to artificial rearing conditions, and therefore they 
should be properly monitored. 

In a recent study we employed microsatellite markers and 
16S rRNA gene sequencing to assess whether the genomic 
and microbial profiles are modified during domestication. A 
wild population of Drosophila suzukii was collected from 
infested fruits and domesticated at the Insect Pest Control 
Laboratory (IPCL) for 20 generations. Sixteen microsatellite 
loci were monitored over five generations and high through-
put 16S rRNA gene sequencing was applied in nine genera-
tions. The microsatellite-based genetic analysis demon-
strated a distinct cluster formation as domestication pro-
gresses. In addition, the 16S rRNA gene sequencing analysis 
showed that bacterial composition is affected by adaptation 
and relative abundances present substantial differences 
among the generations.  

D. suzukii has been escalated to a scourge for worldwide 
fruit production. Area-wide integrated pest management 
(AW-IPM) approaches with a sterile insect technique (SIT) 

component have been suggested as a sustainable solution to 
manage populations of D. suzukii under certain confined 
conditions such as greenhouses. Development of an SIT pro-
gramme requires a robust mass-rearing protocol that pro-
duces high-quality and competitive flies at a reduced cost. 
Laboratory adaptation plays a preponderant role in the de-
velopment of viable mass-rearing protocols. Any change 
that occurs in the genetic and symbiotic structures should be 
recorded throughout adaptation and evaluated for potential 
reduction of the biological quality of the mass-produced flies 
to ensure the viability and success of the SIT programme. 

 

Relative abundance of Drosophila suzukii-associated bacteria at the 
Class level in every generation. 

Cytogenetic Analysis of Zeugodacus Species 

Cytogenetic studies have significantly contributed to the de-
velopment and evaluation of tools, such as genetic sexing 
strains, in support of SIT applications against major tephritid 
pest species including the Mediterranean fruit fly Ceratitis 
capitata, the Oriental fruit fly Bactrocera dorsalis, the 
melon fly Zeugodacus cucurbitae, the Mexican fruit fly 
Anastrepha ludens and the South American fruit fly A. fra-
terculus sp.1. In addition, cytogenetic analysis has played a 
key role in integrative taxonomy approaches in species de-
limitation in the Tephritidae family.  

In the frame of these studies, cytogenetic research efforts 
have focused on the construction of polytene chromosome 
maps, the detection and characterization of chromosomal re-
arrangements, chromosome evolution, the identification of 
translocation breakpoints in genetic sexing strains, as well as 
on in situ localization of gene markers on polytene chromo-
somes. We recently expanded these studies, in collaboration 
with the research groups of Prof. Antigoni Zacharopoulou 
from University of Patras and Prof. Elena Drosopoulou from 
Aristotle University of Thessaloniki (members of Coordi-
nated Research Projects), to include another member of the 
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Zeugodacus genus, i.e., the pumpkin fly Zeugodacus tau in 
view of ongoing efforts for the development of a genetic sex-
ing strain for SIT applications against this major pest. 

Comparative cytogenetic analysis of Z. tau and Z. cucurbitae 
indicated that these two species are largely homosequential 
thus confirming that they are closely related. Even though 
the banding pattern of their polytene chromosomes pre-
sented extensive similarities, several characteristic inver-
sions were identified, which allowed us to clearly distin-
guish specimens from the two species. One inversion was 
detected on the 2R polytene chromosome arm while the re-
maining inversions were on 3L. 

 

Schematic presentation of the structure of the right arm of polytene 
chromosome 2 and the left arm of polytene chromosome 3 indicating the 
presence of chromosomal inversions (inverted areas in green colour) in 
the closely related species Zeugodacus cucurbitae (Zc) and Zeugodacus 

tau (Zt). 

In addition, in situ hybridization experiments were per-
formed to localize four gene markers on the polytene chro-
mosomes of Z. tau and Z. cucurbitae: white, scarlet, white 
pupae and hsp70. All four of them gave a unique signal con-
firming they are single copy genes; they were also localized 
in the same position in both species. One of these four mark-
ers, hsp70, even allowed us to confirm the presence of an 
inversion on the 3L chromosome arm.  

Microinjection Facility at the Insect Pest Control 
Laboratory 

Microinjection is a method which aims to deliver liquid ma-
terial into cells, tissues, or whole individuals using a mi-
cropipette. It has been applied in diverse fields of biology 
including physiology, functional genetics, molecular biol-
ogy, microbiology, and developmental biology. During the 
last 40 to50 years, microinjection has played a fundamental 
role in applied entomology, including insect genetics and in-
sect molecular biology studies, focusing, among others, on 
gene discovery and gene function, induction of mutations, 
host-symbiont and / or host-pathogen interactions.  

Insect microinjections can be performed at any developmen-
tal stage including embryos. For example, for the induction 
of mutations, microinjections are carried out in early em-
bryos at the syncytial blastoderm stage, close to the posterior 

pole where pole cells are localized, which will form the in-
sect’s germ line (testes or ovaries). 

 

Mr. Germano Sollazzo (Italy) and Ms. Georgia Gouvi (Greece), both 
PhD consultants, performing microinjection experiments in the IPCL 
microinjection facility. The left photo shows the microinjection area, 

and the right photo shows the needle preparation area. 

The IPCL microinjection facility has two main areas: (a) 
needle preparation and (b) injection area. The needle prepa-
ration area has a laser needle puller capable of pulling quartz 
capillary glass under precise conditions. A micropipette bev-
eler is used to sand the pulled capillary glass's tip at the de-
sired angle, forming a bevel. This is an important step as it 
facilitates the penetration of the needle into the embryo. The 
injection area contains the microinjector and an air compres-
sor, as air is needed to be pumped inside the capillary needle 
to maintain constant pressure during the injections. Moreo-
ver, the microinjector has a micromanipulator which is used 
to move the needle around the eggs (on the X, Y, and Z-axis) 
using mechanical arms. The IPCL microinjection facility is 
used for in-house R&D activities, but it is also available to 
researchers from all Member States to support SIT related 
research projects. 

 

Mosquito embryo microinjection. The embryos are aligned with the pos-
terior side on the right. The quartz needle is touching the egg and ready 

to perform microinjection. 
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Plant Pests 

Sexual Competitiveness of the Black Pupa Genetic 
Sexing Strain of Anastrepha fraterculus under Field 
Cage Conditions 

Anastrepha fraterculus is a pest that has a significant eco-
nomic impact in South America as it targets various econom-
ically important fruit crops. It not only damages fruit di-
rectly, but it also makes trade more difficult between in-
fested and non-infested countries due to phytosanitary re-
strictions. 

A sexing system was developed for A. fraterculus by the in-
duction of a reciprocal translocation between the Y chromo-
some and the autosome carrying the wild-type locus of the 
black pupae (bp) gene.  

The genetic sexing strain (GSS) was developed from a la-
boratory population of the Brazilian-1” morphotype (=Anas-
trepha sp.1 aff. fraterculus), which implies that the mass-
reared strain could be used in area-wide integrated pest man-
agement (AW-IPM) programmes with an SIT component in 
an area that extends from southern Brazil to central Argen-
tina. Two GSSs that have shown good productivity and qual-
ity control profile were selected and their sexual perfor-
mance under field cage conditions assessed. 

Field cage tests were carried out under controlled tempera-
ture (24 oC) and relative humidity (65%) conditions in the 
250 m2 Ecosphere of the IPCL. The mating and competitive-
ness tests were done in conventional circular cages of 3 m in 
diameter × 2 m tall. Inside each cage, a young citrus plant 
(Citrus sinensis) was enclosed. Natural illumination oscil-
lated between 600 and 2 600 lux during the test period from 
9.00 to 12.00 am.  

Males from the GSS 89 and GSS 9 and wild-type males and 
females from Vacaria, Brazil were kept separate in plexi-
glass round cages (30 Ø × 40 cm long) for eight days until 
they reached sexual maturity. For the experiment, 50 males 
of each GSS were released in a field cage together with 50 
wild-type males in order to compete for mating with 50 vir-
gin wild fertile females. The experiment was replicated five 
times for each combination (a) GSS 89 males vs. wild-type 
males and (b) GSS 9 males vs. wild-type males. As there was 
only one kind of laboratory male in competition with wild-
type males, the relative sterility index (RSI) was used as a 
measure for the competitiveness of the males from the two 
GSSs. The RSI values have a range from −1 to +1, with a 
value of −1 indicating that all matings were carried out by 
wild-type males, whereas a value of +1 indicates that all mat-
ings were carried out by the experimental males. Zero indi-
cates that males from both populations participated equally 
in matings. Field tests were carried out as outlined in the 
USDA-FAO/IAEA quality control manual. 

In the cages where males of the GSS 89 and wild-type males 
competed for wild-type females, 49% and 30% successful 
matings were recorded, respectively. In cages where males 

of the GSS 9 and wild-type males competed for wild-type 
females, 48% of the mating pairs were formed with males 
for the GSS 9 and 32% with wild-type males.  

 

Relative sterility index (RSI) as a measure of competitiveness when 
males of the GSS 89 and GSS 9 of Anastrepha fraterculus were compet-

ing for mating with wild-type males from Vacaria, Brazil under field 
cage settings. Positive RSI indicates that there were more matings with 

GSS males and wild-type females than with wild-type males. 

Therefore, it can be concluded that males of both black pu-
pae strains were very competitive when compared to the 
wild-type males under field cage conditions of the IPCL. 
Therefore, both strains seem suitable for use in SIT pro-
grammes. 

Methodology for the Evaluation of Male Competi-
tiveness in Drosophila suzukii 

The SIT is being evaluated as a tool to manage populations 
of the spotted wing Drosophila, Drosophila suzukii in green-
houses. Assessing the competitiveness of mass-reared males 
for release requires protocols calibrated to the sexual char-
acteristics of the species.  

 

Estimates of the competitiveness of Drosophila suzukii sterile males in 
different-sized cages. Observed mean (black dot), CI 95 % (bars), raw 

data (grey dots). Comparison between the two cages: linear mixed 
model, α=0.05. 
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Observation of mating pairs, an often-satisfactory method 
for larger Tephritidae fruit flies, could however be challeng-
ing for D. suzukii in field cage semi-natural settings due to 
its small size and elusive behaviour. A promising alternative 
protocol was successfully evaluated in 2021 in collaboration 
with researchers of the French National Research Institute 
for Agriculture, Food and Environment (INRAE). Sterile la-
boratory males and females as well as fertile wild-type males 
and females interact for 24 hours under ecologically realistic 
conditions (live plants, presence of fruits, high humidity 
level). The females are then collected and placed for an ad-
ditional day individually in tubes containing half fruits. 
Thereafter, the females are removed and identified using a 
fluorescence microscope (laboratory or wild insects being 
marked with fluorescent dust depending on the replicates). 
The presence of pupae in the tubes that contained fertile fe-
males makes it possible to deduce the proportion of fertile 
females that mated with fertile wild-type males, while the 
absence of pupae indicates the proportion of fertile females 
that mated with sterile laboratory males (or did not mate, 
which was rare during our tests). Replicating the experiment 
using different sized cages did not influence the estimate of 
the competitiveness of sterile males, paving the way for the 
future use of limited sized cages. After several minor tech-
nical adjustments and further assessments in 2022, this pro-
tocol should be easily reproducible and usable by partners. 

FAO/IAEA/USDA Phytosanitary Treatment Pro-
ject 

Confirmatory large-scale tests aimed at validating a phyto-
sanitary irradiation dose for Drosophila suzukii were com-
pleted. The study was carried out considering all require-
ments and suggestions from the Technical Panel on Phyto-
sanitary Treatments (TPPT) of the International Plant Pro-
tection Convention (IPPC) in its meeting report published in 
July 2019. A total of 30 824 late pupae were irradiated with 
80 Gy. A few numbers of females that emerged from those 
irradiated pupae were able to survive and oviposited a total 
of 49 non-viable eggs, supporting prevention of F1 genera-
tion as the endpoint for a phytosanitary irradiation treatment 
against D. suzukii. Dose response and survival tests have 
been conducted and are nearly completed. Egg laying and 
survival decreased after pupal irradiation with doses below 
80 Gy. A manuscript summarizing our findings is currently 
being drafted for submission to a scientific journal. Our find-
ings combined with previous studies have great potential to 
support the first harmonized phytosanitary irradiation treat-
ment for D. suzukii. 

Research evaluating the effect of low oxygen treatments on 
phytosanitary irradiation efficacy for D. suzukii has been in-
itiated. Modified atmosphere storage is widely used to pro-
long the shelf life of several perishable commodities. Our 
research aims to proactively evaluate whether a radiation 
treatment with 80 Gy of fruit infested with D. suzukii under 
low oxygen conditions can rescue reproduction of the irradi-
ated insects.  

 

Inajara Viana and Jhonatan Aguilar irradiating blueberries infested 
with Drosophila suzukii for phytosanitary irradiation research. 

Field cage studies were conducted to determine the host sta-
tus of Citrus sinensis for Zeugodacus tau populations from 
Bangladesh, China, and India. Those tests were carried out 
because the host status of C. sinensis is yet undetermined for 
Z. tau. Our results suggest that C. sinensis can be considered 
a conditional host for Z. tau. This relevant information was 
included in a submitted manuscript focused on cold treat-
ment of Z. tau in navel oranges.  

Development of Microsatellite Markers for Popula-
tion Genetics Studies of the Cocoa Pod Borer Cono-
pomorpha cramerella.  

The cocoa pod borer Conopomorpha cramerella (Snellen) 
(CPB) is one of the most devastating insect pests of cocoa 
throughout South-East Asia. The species is present in the 
Philippines, Malaysia, Indonesia, and Papua New Guinea.  

 

 

The cocoa pod borer Conopomorpha cramerella adults (top) and dam-
age to cocoa pods (bottom). Image source: Saripah, B, Malaysian Co-

coa Board. 
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Although, there are various control measures that have been 
implemented to manage populations of this pest, the SIT is 
being considered as an additional control tactic for integra-
tion in an area-wide integrated pest management (AW-IPM) 
approach. There is little or no information available on the 
population structure of this pest in the infested countries and 
population genetics studies could help answer the important 
question whether it is the same strain that is infesting these 
countries or not.  

 

Ms Roslina Binti Mohd Shah preparing the CPB samples. 
This information is important for SIT programmes to deter-
mine whether one mass-rearing facility could provide the re-
quired sterile males or whether mass-rearing of different 
strains will be required. In addition, it would offer the possi-
bility to identify the level of gene flow and hence the level 
of isolation of the different populations. To this end, devel-
oping tools such as microsatellites to analyse the CPB pop-
ulation genetics is required. Staff of the IPCL have devel-
oped 12 microsatellites for CPB and their efficiency to ex-
plore the genetic diversity between and within populations 
is being assessed. This work is conducted by Ms Roslina 
Binti Mohd Shah, a TC fellow from Malaysia.   

Livestock Pests 

Impact of Spiroplasma Infection on the Performance 
of Glossina fuscipes fuscipes Colonies 

As mentionned in NL96, some tsetse species such as 
Glossina fuscipes fuscipes of which a colony is maintained 
at the IPCL, and wild Glossina tachinoides are infected with 
Spiroplasma bacteria. To assess the impact of a Spiroplasma 
infection on the performance of tsetse fly colonies, Mr 
Kiswenda-Sida Mikhailou Dera, a consultant from Bobo 
Dioulasso, Burkina Faso screened G. f. fucipes teneral flies 
and established two colonies, i.e. one infected with 
Spiroplasma (Spi+) and one with no or low Spiroplasma 
infection (Spi-). The aim of the study was to assesss the 
impact of Spiroplasma infection on the emergence rate, 
flight propensity and female productivity and preleminary 

results indicate no significant difference between these 
parameters in Sp+  and Sp- flies. 
 

 

 

Impact of Spiroplsama infection on fly emergence, flight propensity and 
female productivity. 

Assessing the impact of the Spiroplasma infection on the 
fly transcriptom is undertaken in collaboration with Prof. 
Serap Aksoy and Brian Weiss from Yale University, USA 
and Prof. Anna Malacrida from Pavia University, Italy. 

Impact of Glossina morsitans morsitans Iflavirus 
and Negevirus on Glossina pallidipes 

As reported in NL 98, Iflavirus and Negevirus are two re-
cently discovered RNA viruses in the tsetse fly Glossina 
morsitans morsitans and were named Glossina morsitans 
morsitans Iflavirus (GmmIV) and Glossina morsitans mor-
sitans Negevirus (GmmNegeV), respectively. The impact of 
these viruses on the productivity of tsetse colonies is cur-
rently being studied. So far, none of the infected flies show 
any symptoms that can be related to the presence of these 
viruses. Nevertheless, GmmIV and GmmNegeV could not 
be detected in the tsetse species Glossina pallidipes. This 
species is the most susceptible to the Salivary Gland Hyper-
trophy Virus (SGHV) that represents a major threat to the 
rearing of G. pallidipes as it can cause the collapse of an en-
tire fly colony. Therefore, it is important to analyse the im-
pact of the two newly identified GmmIV and GmmNegeV 
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on the productivity of G. pallidipes and their possible inter-
action with SGHV. To this end, G. pallidipes flies were in-
jected with GmmIV and GmmNegeV with the aim to obtain 
an artificial infection.  

 

Injecting of Glossina morsitans morsitans Iflavirus and Glossina morsi-
tans morsitans Negevirus in G. pallidipes. 

Analysing the recorded data on the impact of these infections 
on the fly performance is undertaken by Ms Hannah Huditz, 
a cost-free consultant from Vienna, Austria in collaboration 
with Prof. Monique van Oers, Wageningen University, The 
Netherlands.  

Using Gamma and X-ray Irradiators to Sterilise 
Tsetse Pupae 

Self-contained gamma irradiators have been used exten-
sively for the sterilisation of insects that are destined for re-
lease in tsetse SIT programmes. However, as the purchase 
and transport of gamma irradiators and transboundary ship-
ment of radioisotopes are facing growing constraints and dif-
ficulties, new generation, high output X-ray irradiators have 
been suggested as a potential replacement.  

The potential benefits of using X-ray irradiators for insect 
sterilisation for SIT has been demonstrated in insect groups 
such as mosquitoes and fruit flies and is now also being in-
vestigated for tsetse flies. Glossina palpalis gambiensis pu-
pae, 23-24 day old, were exposed to X-rays in a Radsource 
2400 at a dose rate of 14.30 Gy.min-1 or to γ-rays in a Foss 
Model 812 60Co self-contained gamma irradiator at a dose 
rate of 78.63 Gy.min-1.  

For both the X- and γ-rays, a dose of 110 Gy was needed to 
induce 97% sterility in females that mated with the males 
that were exposed to radiation in the pupal stage. Addition-
ally, radiation source had no effect on other parameters such 
as fly emergence, flight propensity and male survival. Male 
performance as assessed in walk-in field cages was also sim-
ilar for males exposed to a 110 Gy dose of X- and γ-rays. 
These assessments confirm that X-rays can be used to suffi-
ciently sterilise tsetse males and that the males sterilised with 
X- and γ-rays had similar mating performance.  

The Radsource 2400 X-ray irradiator is currently being used 
as an alternative source for the sterilisation of the G. palpalis 
gambiensis pupae that are biweekly shipped long distance to 

the tsetse eradication programme in Senegal, when the Foss 
Model 812 60Co gamma irradiator is unavailable.  

 

Mr Aristide Kabore, Burkina Faso (right) and Mr Mahamat Hissene, 
Chad (left) during a field cage assessment of the mating performance of 
male Glossina palpalis gambiensis that were sterilised as pupae with X- 

or γ-rays. 

Additionally, an X-ray irradiator has been transferred to 
Centre International de Recherche -Développement sur L'El-
evage en zone Subhumide (CIRDES) in Burkina Faso and is 
ready to be utilised for tsetse sterilisation.  

Human Disease Vectors 

Laboratory Strain Selection for Improved Pupae 
Production, Egg Production and Sex-Separation Ef-
ficiency in Aedes aegypti 

In mosquito sterile insect technique (SIT), two colonies can 
be considered in mass-rearing facilities: a mother colony for 
a continuous egg production and a male production colony 
for releases. However, the efficacy of such SIT programs de-
pends on the ability of producing large numbers of both male 
and female pupae whilst reducing as much as possible the 
number tilting/sorting events. This implies the abolition/in-
crease of protandry in the above-mentioned colonies. Pro-
tandry, defined as the earlier emergence of males as com-
pared to con-specific females, is a phenomenon which exists 
naturally in Aedes mosquitoes. To collect the maximum 
number of female pupae in the mother colony and the maxi-
mum number of male/female pupae in one tilt/separation 
event, we initiated a long-term laboratory experiment to in-
vestigate the possibility to select a strain toward absence of 
protandry/synchronization of pupation and increased sexual 
size dimorphism for improved sex-separation. The selection 
experiment was designed (under laboratory rearing) and is 
being carried out on the mother colony to suppress protandry 
with the ultimate goal to collect male and female pupae in 
both colonies at one tilt event while improving sex-separa-
tion. The experiment consists of crossing males and females 
from the same batch of pupae that emerged the same day, 
and progeny were reared under more relaxed conditions than 
that of the male production colonies. After five generations, 
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preliminary results showed a trend to protandry suppression 
with no reduced male recovery, sex-separation and male 
flight ability which is encouraging in terms of cost-effi-
ciency. Further long-term studies are needed to explore in 
more detail the importance of strain selection in SIT mass-
rearing facilities.  

New Generation of Flight Test Devices for Quality 
Control of Sterile Mosquitoes 

Affordable, rapid, and practical quality control tools that are 
based on the flight ability of the insect may contribute to 
maintaining a consistent release of high-quality sterile males 
for successful implementation of the SIT against Aedes mos-
quito species. A recent study at the IPCL therefore aimed to 
standardize the use of the original FAO/IAEA rapid quality 
control flight test device (FTD) (version 1.0), while also im-
proving handling conditions and reducing the device’s over-
all cost by assessing factors that could impact the subsequent 
flight ability of Aedes mosquitoes. A new FTD (version 1.1) 
proved easier to use.  

 

3D designs of the original flight test device (FTD) (40-tube) (version 
1.0) (A), the new FTD (40-tube) (version 1.1) (B), and the FTD with 

eight tubes (version 2.0) (C). 

In addition, a cheaper version of the FTD (version 2.0) that 
contains eight individual tubes instead of 40 was designed 
and successfully validated against the previous version. It 
was sensitive enough to distinguish between the effects of 
cold stress and high irradiation dose. The new generations of 
FTDs (versions 1.1 and 2.0) may therefore be used to assess 
Aedes flight ability.  

Importance of Dose Rate in Mosquito Irradiation 

One of the key elements of the SIT is the irradiation-based 
reproductive sterilization of the male insects destined for re-
lease in the target area. Sterilizing mosquitoes using ionizing 
radiation is, however, not as straightforward as once 
thought. It has been shown that changes in dose rate of the 
irradiator (due to, for example, the decay of the radioactive 
source), can change the biological response of insects, and 
may lead to the release of sub-sterile males. Many integrated 
pest management programmes with an SIT component may 
not have adequate quality assurance measures in place to 
alert to such an event. Others see that the produced insects 
are no longer reliably sterile, but do not know the cause 

thereof. A series of studies were completed in which insight 
was provided for possible causes of changing dose response 
in insects over time and the basis for implementing relevant 
quality control measures in SIT programmes.  

 

Residual fertility values in percent (%). Red represents the lowest dose 
rate effect (DRE) i.e. (lowest sterility achieved) at a given dose, and 
green shows the highest DRE (highest sterility achieved) for a given 

dose. P-values given at the base of each column result from the compari-
son (t-test) of the low and high DRE values highlighted. 

In a general mosquito model, when lower doses (e.g. 10 and 
20 Gy) are administered, the sterility increases as dose rate 
increases, whereas at higher doses (ex. 40 and 70 Gy), ste-
rility decreased as dose rate increased. In other words, when 
identifying which dose rates resulted in the most and least 
effects on fertility with each dose, these switched when dose 
increased. 

Results suggest that not only does dose rate alter irradiation-
induced effects, but also that the interaction is not linear and 
may change with dose. We speculate that the recombination 
of reactive oxygen species (ROS) in treatments with moder-
ate to high dose rates might minimize indirect radiation-in-
duced effects in mosquitoes and decrease sterility levels, un-
less dose along with its direct effects is increased. 

Mosquito Irradiation and Vector Competence 

Current sex separation techniques of mass-produced Aedes 
mosquitoes are fairly efficient but still result in a small per-
centage of females (<1%) being released together with the 
sterile males in SIT field trials. This may lead to a short-term 
risk of increased biting rate and arboviral disease transmis-
sion. It is therefore important to assess whether the irradia-
tion treatment of these females alters their vector compe-
tence. 

In collaboration with the University of Zürich, Switzerland 
and the Centro Agricoltura Ambiente ‘G. Nicoli’ (an IAEA 
Collaborating Centre) in Bologna, Italy, we compared the 
transmission of dengue and chikungunya viruses by Aedes 
aegypti and Aedes albopictus females exposed as pupae to 
an irradiation dose of 40 Gy. Irradiation did not influence the 
dissemination of the dengue and chikungunya virus in the 
mosquitoes’ tissues, nor their transmission when orally ex-
posed to these viruses.  
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Reports 
Sixteenth Session of the Commission on Phy-
tosanitary Measures (CPM), International 
Plant Protection Convention (IPPC), 5, 7 
and 21 April 2022 (virtual) 

The Director of the FAO Plant Production and Protection 
Division and former IPPC Secretary, Jingyuan XIA, wel-
comed participants to the Sixteenth Session of the Commis-
sion on Phytosanitary Measures (CPM), and extended a par-
ticular welcome to Osama EL-LISSY in his role as the new 
Secretary of the International Plant Protection Convention 
(IPPC). 

The FAO Deputy Director-General Beth BECHDOL also 
welcomed the new IPPC secretary and expressed her grati-
tude to the IPPC community and the IPPC Secretariat (here-
after referred to as ‘the secretariat’) for their work during the 
year. She highlighted some of the achievements of the year, 
thanked donors for their contributions, and emphasized the 
importance of the ‘One Health’ initiative and of aligning ef-
forts in support of the new FAO Strategic Framework and 
the IPPC Strategic Framework 2020–2030. 

On issues related with the Insect Pest Control Subpro-
gramme, the CPM-16:  

 The chairperson of the CPM Focus Group on Pest Out-
break Alert and Response Systems (POARS) presented 
a report on the activities of the focus group. The group 
had drawn up a set of recommendations for the CPM to 
consider regarding the development, implementation, 
and maintenance of POARS coordinated by the secre-
tariat. With respect to the development of the global 
POARS itself, the CPM noted that any global system 
would need to be aligned with regional systems but that 
alternative options to the model proposed could include 
addressing the scope of POARS through FAO regions 
and Regional Plant Protection Organizations (RPPOs) 
or trying a regional system before expanding to a global 
system. CPM-16 agreed as an interim measure to estab-
lish a POARS Steering Group to work on establishing 
a POARS capability, to revise the POARS Steering 
Group Terms of Reference to reflect the discussions of 
the CPM. CPM-16 also requested that the Finance 
Committee consider how to allocate an appropriate 
level of resources to continue the work on POARS dur-
ing 2022 and encouraged contracting parties to contrib-
ute extra-budgetary resources to help fund the POARS 
workplan. 

 International Standards for Phytosanitary Measures 
(ISPM) 46 (Commodity-specific standards for phyto-
sanitary measures) was adopted. 

 Five phytosanitary treatments (PT) were adopted as 
Annex to ISPM 28 (Phytosanitary treatments for regu-
lated pests): 

o PT 40 (Irradiation treatment for Tortricidae on fruits) as 
Annex 40 to ISPM 28 

o PT 41 (Cold treatment for Bactrocera zonata on Citrus 
sinensis) as Annex 41 to ISPM 28 

o PT 42 (Irradiation treatment for Zeugodacus tau) as An-
nex 42 to ISPM 28 

o PT 43 (Irradiation treatment for Sternochetus frigidus) 
as Annex 43 to ISPM 28 

o PT 44 (Vapour heat–modified atmosphere treatment for 
Cydia pomonella and Grapholita molesta on Malus pu-
mila and Prunus persica) as Annex 44 to ISPM 28. 

The Centro Agricoltura Ambiente (CAA) 
‘G.Nicoli’ Re-designated as an IAEA Collab-
orating Centre 

The IAEA has re-designed the Centro Agricoltura Ambiente 
(CAA) ‘G. Nicoli’, Italy, as an IAEA Collaborating Centre 
to Support the development and implementation of the Ster-
ile Insect Technique (SIT) package for the suppression of 
Aedes mosquitoes which are vectors of several arbovirus in-
cluding chikungunya, dengue, and Zika. The importance of 
these mosquito vectors is high and its control through the 
conventional methods based on insecticides is not efficient.  

 

 

 

 

Mass-rearing module with a capacity of one million sterile male Aedes 
mosquitoes per week. 

The SIT package is thus under development and field testing 
against this group at the world level. In Europe, CAA has 
been instrumental by initiating the first releases of sterile 
mosquitoes in the year 2000. The CAA owns a research la-
boratory and is conducting field monitoring and mosquito 
mass-rearing, advising public authorities and supervising the 
mosquito control project. Since 2017, CAA has supplied 
more than ten million sterile pupae to six European coun-
tries. In 2021, a new mass-rearing module was built, with a 
capacity of one million sterile males per week.  

The CAA was already designated as IAEA Collaborating 
Centre for the periods 2011–2015 and 2017–2021 and had 
fruitful collaboration with IAEA throughout the previous 
designation periods, including research on all components of 
the SIT package, expertise and trainings. This re-designation 
will allow CAA to remain a driving force with respect to the 
expansion of the use of the SIT technology to control Aedes 
mosquitoes in Europe. 
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FAO/IAEA Consultancy Meeting on Mos-
quito Male Performance, 23–27 May 2022, 
Vienna, Austria 

The last decades has seen an increase from requests of Mem-
ber States (MSs) with respect to the application of the Sterile 
Insect Technique (SIT) in area-wide integrated pest manage-
ment (AW-IPM) programmes. The MSs requests include de-
veloping and refining the SIT package for mosquitoes as an 
innovative and sustainable approach, for managing mos-
quito populations to improve human health by reducing the 
burden of mosquito-borne diseases.  

The success of an SIT project essentially depends on the ef-
ficiency of the released sterile males to compete with wild 
males for wild females. Since the SIT is based on reducing 
the birth rate of the target population, understanding all dif-
ferent aspects of the natural history and reproductive biology 
of Aedes mosquitoes, especially under field conditions, is 
crucial. In this context, the Insect Pest Control Section of the 
Joint FAO/IAEA Centre of Nuclear Techniques in Food and 
Agriculture organized a consultancy meeting to explore and 
discuss the need for a new Coordination Research Project 
(CRP) on sexual male performance.  

The meeting was held in Vienna, IAEA headquarters from 
23–27 May with the participation of five external experts 
from Israel, Mexico, Singapore, Spain, and the United States 
of America. These experts are actively involved in research 
activities in related topics and also participate in SIT field 
programmes. 

 

Participants of the Consultancy Meeting on Mosquito Male Performance 
(Vienna, Austria). 

During the meeting, technical discussions took place focus-
ing on the steps, procedures, challenges, and bottlenecks 
faced during the production process and release of sterile 
males that can affect the insect performance in the field. A 
new CRP proposal focuses on critical knowledge gaps in 
male mosquito reproductive biology, particularly investigat-
ing the factors that contribute to the mating success of sterile 
males in SIT programs.  

The new CRP proposal includes the following thematic re-
search areas grouped into three major categories with spe-
cific research topics: 1) pre-copulatory behaviour in labora-
tory and natural conditions; 2) copulation and insemination 
processes, and 3) patterns of female remating and factors 
that control it.  
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Announcements   

11th International Symposium on Fruit Flies 
of Economic Importance 

Second Announcement, 4 March 2022 

Abstract Submission Closes 30 June 2022 

Abstracts for the 11th International Symposium on Fruit Flies 
of Economic Importance to be held from 13–18 November 
2022, in Sydney, NSW, Australia have to be submitted be-
fore 30 June 2022. The venue will be located at the Mac-
quarie University North Ryde Campus. 

 

Submit your Abstract  

Please be sure to follow the submission guidelines. 

All presenters with accepted abstracts must register to attend 
the Symposium which will be held in a hybrid format, 
providing in-person and virtual options. 

Registrations 

Early bird registration at reduced rates is available until 31 
August 2022, view the website for a full list of fees. 

Register Now 

In-person registration fees include symposium materials, 
proceedings, coffee breaks and lunch during the four work-
ing days. Technical tours on Wednesday and evening Social 
Function will be optional. 

Virtual registration fees will include access to the Virtual 
Platform; streaming all live working day sessions allowing 
you to participate in live Q&A, virtual networking with col-
leagues, and virtual exhibition. 

Both in-person and virtual registrations will have six months 
post-symposium access to the Virtual Platform to revisit ses-
sion recordings on demand. 

View the full Registration Information. 

Technical tours will be AU $75 (incl GST) including lunch. 
The evening social function will be AU $100 (incl GST).  

More information will be available soon, if you register now, 
you will be provided with an opportunity to add the Tours 
and Social Function at a later date. 

Sponsorship and Exhibition 

Your organisation may be interested in a commercial stand 
or sponsorship opportunity, the various packages include 
registrations for your attendees. Please view the sponsorship 
prospectus or be in touch for a custom package. 

Further information is available at: www.11isffei.com. You 
can also contact us at 11isffei@theconferencecompany.com 

Looking forward to seeing you in Sydney or online, 

Polychronis Rempoulakis (Chair of the Local Organizing 
Committee) 

Rui Cardoso Pereira (Chair of the International Fruit Fly 
Steering Committee) 

Dosimetry for SIT: Standard Operating 
Procedures for Gafchromic™ Film Dosime-
try System for Gamma Radiation and Low 
Energy X Radiation 

Two Standard Operating Procedures (SOPs) manuals for 
gamma radiation and low energy X radiation were produced. 
Both are available in English and Spanish and can be down-
loaded at IPC website: 

 Standard Operating Procedures for Gafchromic™ Film 
Dosimetry System for Gamma Radiation v1.0 (English 
version) https://www.iaea.org/sites/de-
fault/files/gamma-sop-en-excel-embedded.pdf. 

 Standard Operating Procedures for Gafchromic™ Film 
Dosimetry System for Gamma Radiation v1.0 (Spanish 
version) https://www.iaea.org/sites/de-
fault/files/22/03/gamma-sop-es-excel-embedded.pdf. 

 Standard Operating Procedures for Gafchromic™ Film 
Dosimetry System for Low Energy X Radiation v1.0 
(English version) https://www.iaea.org/sites/de-
fault/files/x-ray-sop-en-excel-embedded.pdf. 

 Standard Operating Procedures for Gafchromic™ Film 
Dosimetry System for Low Energy X Radiation v1.0 
(Spanish version) https://www.iaea.org/sites/de-
fault/files/22/03/x-ray-sop-es-excel-embedded.pdf.  
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The SOPs bring together in one place a description of the 
components of the Gafchromic™ dosimetry system, the pro-
cedure for its characterization, and its application to process 
validation and process control, together with references to 
the relevant standards. It provides a readily available source 
of information that can be accessed by both research workers 
and production facility managers. Due to a significant dif-
ference in photon energy between low energy (150-225 keV) 
X radiation and gamma radiation from 60Co or 137Cs, many 
dosimetry procedures are different. For this reason, the SOPs 
for gamma radiation and low energy X radiation are sepa-
rated into two independent SOPs. 

Manual de Control de Calidad del Producto 
en la Cría masiva y Liberación de Moscas de 
la Fruta Estériles, (traducción de la Versión 
7.0 de 2019) 

The FAO/IAEA/USDA manual on ‘Product Quality Control 
and Shipping Procedures for Sterile Mass-Reared Tephritid 
Fruit Flies’ has provided and continues to provide an objec-
tive set of standards for assessing quality of sterile fruit flies 
used in sterile insect technique (SIT) programmes. The man-
ual version 7.0 from 2019 
(https://www.iaea.org/sites/default/files/qcv7.pdf) ad-
dresses an essential need by those working in fruit fly control 
programmes to measure insect performance in concert with 
other operational activities.  

 
This manual is a living document and is subject to periodical 
updates; this most recent version had been translated into 
Spanish and now is available for download at IPC website 
https://www.iaea.org/sites/default/files/qcv7-en-es-
panol.pdf. 

 
   



Insect Pest Control Newsletter, No. 99, July 2022 

 

30 

In Memoriam
Antigone Zacharopoulou (1945–2022) 

With great sadness, we announce the passing away of An-
tigone Zacharopoulou, Emeritus Professor at the Depart-
ment of Biology, University of Patras, Greece, on 27 May 
2022. Antigone graduated in science with an emphasis on 
Biology from the Aristotle University of Thessaloniki and 
she received a PhD degree in Biology with an emphasis on 
Genetics from the Department of Biology, University of Pa-
tras, the Department where she worked for her entire career. 
Although her initial research work focused on Drosophila, 
Antigone spent most of her career working with insects of 
economic importance. 

 
Antigone pioneered cytogenetic studies on the mitotic and 
polytene chromosomes of major tephritid pest species as 
well as tsetse flies. Her research work contributed to the de-
velopment and improvement of genetic sexing strains for 
SIT applications and provided tools for taxonomic, phyloge-
netic and species resolution studies. During her long career, 
Antigone collaborated with many research groups from all 
over the world. She was a visiting scholar at the Harvard 
University-USA, University of Sydney-Australia, Institute 
of Cytology and Genetics, Novosibirsk and Institute of De-
velopmental Biology-Russia, Moscamed and Moscafrut Fa-
cility, Tapachula-Mexico, and she also worked for almost 
two years as Consultant at the Insect Pest Control Laboratory 
of the Joint FAO/IAEA Centre of Nuclear Applications in 
Food and Agriculture. 

Antigone supervised many MSc and PhD students; she was 
an excellent, inspiring teacher and mentored many fruit fly 
workers who are currently following her steps in different 
parts of the world. She published more than 70 research pa-
pers and coordinated and/or participated in many national, 
European, and international research grants, including Coor-
dinated Research Projects (CRPs) of the Joint FAO/IAEA 
Programme of Nuclear Techniques in Food and Agriculture.   

Antigone is leaving a deep empty space among all those who 
knew and worked with her. Her in-depth scientific 
knowledge and outstanding research work on genetics and 
cytogenetics of fruit flies of economic importance will be 
sorely missed. But above all, we will miss her amazing 

personality, generosity, collaborative spirit, as well as her 
dedication to the support and training of young students and 
research scientists. 

Richard (Dick) Earl Gingrich (1931–2021) 

With great sadness we have to inform that Richard (Dick) 
Gingrich, former Head of the Entomology Unit of the Joint 
FAO/IAEA Laboratory in Seibersdorf, Austria from 1980 to 
1992, passed away on 6 December 2021. 

 

Dick was born in Hamilton, Ohio on 23 November 1931. He 
graduated from Ohio state university and obtained PhD de-
gree in Entomology in 1961. He had a career as a Research 
Scientist in Insect Pathology for the United States Depart-
ment of Agriculture (USDA) and the International Atomic 
Energy Agency (IAEA). He was a member of the Houston 
Zoo as a docent, a past member of the Texas Archaeological 
Society and a proud veteran of the United States Army.  

Dick served as head of Entomology Unit in Seibersdorf La-
boratory from 1980 to 1992. Besides his great efforts on the 
leading role of the laboratory research activities supporting 
the member states on tsetse fly, Mediterranean fruit fly and 
screwworm SIT applications, he also put his research en-
deavour on Bacillus thuringiensis (Bt) as a potential micro-
bial control agent for Mediterranean fruit fly. Dick was also 
involved in assessing the risks of microbial contamination of 
blood diets for tsetse colonies that may cause ‘blood mortal-
ity’ i.e., dead flies with fully engorged abdomen. His contri-
butions culminated in a standardised bacteriological QC 
screening test for blood batches collected at abattoirs for 
tsetse blood diets. 

Dick was not only a dedicated scientist; he was also a fasci-
nating person off the professional stage – to which his hob-
bies no doubt contributed. He had a passion for mountain 
hiking, antique clocks, fish farming, cycling and spending 
time with his kids and grandkids.  

With the departure of Dick, we have lost a remarkable sci-
entist and friend. Those who knew him will remember Dick 
for his friendship, his scientific endeavour and his kindness. 
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Other News
Sterile Fly Preventive Release Programme in 
Argentina 

Mediterranean fruit fly is one of the most important pests of 
fruits and vegetables in Argentina. This is due to the direct 
damage to fruit production and the consequential damages 
to the commercialization because of the limiting exports to 
countries that impose quarantine restrictions due to the pres-
ence of fruit fly pests. This translates into millions of US 
dollars of losses every year affecting food security and 
safety.  

To mitigate the fruit fly problem, in 1994, Argentina created 
the National Fruit Fly Control and Eradication Programme 
(PROCEM) of the National Service for Food Health and 
Quality (SENASA). The PROCEM, with the support of the 
FAO and IAEA for the adoption of the sterile insect tech-
nique (SIT), established fruit fly pest free areas in the Prov-
ince of Mendoza and in the region of Patagonia. This al-
lowed the diversification of fruit production and the access 
to export markets that were previously vetted because of the 
presence of the fruit fly pest. The pest free areas have be-
come the main production regions of pome and stone fruits 
in the country. 

From the mid 2020’s, and in an effort to protect the free areas 
established in the Centre and South of Mendoza and in the 
Patagonia Region, a sterile Mediterranean fruit fly preven-
tive release programme (PRP) was adopted and successfully 
implemented as part of an area-wide integrated pest manage-
ment scheme. 

It is a similar model to the one implemented since 1994 in 
the Los Angeles Basin California and since 1998 in Miami 
Florida, USA, to protect these states from the incursions of 
the invasive Mediterranean fruit fly. The preventive release 
programme was implemented over urban and suburban areas 
that are subjected to constant risk of incursions of the pest. 
The number of outbreaks was reduced from an average of 
seven per year to only occasional ones since the full imple-
mentation of the preventive release programme in 1996. 
Benefits have outweighed the costs resulting in a high return 
on investment. 

A distinctive difference between the traditional SIT control 
strategy and the preventive releases of sterile flies, is that the 
first one is done in infested areas to suppress or eradicate a 
pest, whereas the second strategy is applied in pest free areas 
to prevent the introduction of the pest. 

At present, Argentina applies the preventive releases of ster-
ile flies over 34 700 hectares. This includes the fruit fly pest 
free areas in Mendoza and Patagonia. Releases are carried 
out over dynamic blocks based on a risk assessment using 
densities that range from 1 500 to 4 500 sterile males per 
hectare. Sterile flies are released over the blocks two or three 
times per week. 

The sterile flies are supplied by the mass-rearing and sterili-
zation facility ‘Santa Rosa’ of the Mendoza Agricultural 
Health and Quality Institute (ISCAMEN). The facility is the 
largest Mediterranean fruit fly mass rearing facility in South 
America, with a production capacity of 700 million sterile 
male flies per week (using the VIENNA 8 genetic sexing 
strain). Moreover, a Fly Emergence and Release Facility, lo-
cated in south of the Mendoza Province, has a capacity to 
process 500 million sterile flies per week. This centre is the 
strategic link to supply the sterile fly material to the Centre 
and South Mendoza Oasis, as well to areas in Patagonia sub-
ject to preventive releases.  

Most of the sterile flies are released by air using the chilled 
adult release system. In addition, complementary ground re-
leases are conducted in specific high-risk sites such as tour-
istic sites and sites where large volumes of fruit are gathered. 
Ground releases are also done when aerial releases are sus-
pended due to unfavourable climatic conditions.   

 
Samples of chilled adults being taken to measure quality parameters. 

(Source: PROCEM-SENASA Argentina). 

The sterile insect recapture index (Sterile Flies Per Trap per 
Day (FTD)), allows to have control on the release activity 
and correct any deviation of the FTD that have been set up 
for each block. The continuous analysis of the sterile FTD 
values allows the adjustment of the sterile fly density, re-
lease frequency and spatial distribution of the sterile flies.  

In order to identify opportunities for improvement and opti-
mization of the sterile fly releases, the preventive release 
programme is subjected to continuous oversight. This is 
done through the experienced local staff and continuous 
technical support from FAO and IAEA experts. According 
to an economic evaluation carried out in recent years for the 
Patagonia region, since its declaration as a fruit fly pest free 
area (PFA), a Cost-Benefit Ratio of 15.4 to 1 has been ob-
tained from increased exports and savings in quarantine 
treatments.  

As a result of the implementation of the sterile fly release 
programme, the status of PFA has been maintained for 
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almost 20 years in the Patagonia region as well as in the 
Mendoza Centre and South Oasis. These areas have been 
recognized as PFA by Chile, China, Trinidad Tobago and 
the USA, among other countries, significantly favouring the 
regional economy and strengthening food security, while 
protecting the environment.  Now, with the preventive re-
lease programme, the maintenance of the status is more cost-
effective and sustainable. 

Source: Wilda Ramirez, National Service for Food Health and Quality 
(SENASA), Argentina. 

The Sweet Potato Weevil has been Success-
fully Eradicated in South-western Islands of 
Japan 

In November 2020, the sweet potato weevil Cylas formicar-
ius was declared eradicated from Tsuken Island, Okinawa, 
Japan. This is the second eradication success of sweet potato 
weevil in the world, following the eradication achieved on 
Kume Island, also in Okinawa, in 2012. The eradication was 
achieved by the application of the sterile insect technique 
(SIT) integrated with the male annihilation technique 
(MAT).  

Despite the fact that both Kume and Tsuken Islands are 
small (63.65 and 1.88 km2 respectively), it took 19 and 13 
years to achieve the eradication, much longer than the erad-
ication of melon fly Zeugodacus cucurbitae on Kume Island, 
which only took about five years. Research indicated that, 
surprisingly, the pest’s low dispersal ability was one of the 
main hindering factors in the eradication of sweet potato 
weevil on both islands. 

The laboratory experiments showed that females have ex-
tremely low flight activity and fly only short distances. Alt-
hough males show a better flight ability than females, it is 
much lower when compared to fruit flies (e.g. the melon fly). 
The low dispersal ability of females resulted in an uneven 
distribution of this pest on Kume Island. In addition, the low 
dispersal ability of males was the main hindering factor that 
sterile releases could not cover the inaccessible forest areas 
mainly inhabited by the blue morning glory Ipomoea indica, 
a wild host plant which is abundant on the island. An inves-
tigation indicated that sweet potato weevil was infesting blue 
morning glory plants in a remote area called ‘Aara moun-
tain’, that was previously used as paddy fields by the resi-
dents of an abandoned village that used to exist at the foot of 
the mountain. It is likely that the sweet potato weevil was 
artificially introduced to this area when it was rice paddy and 
was unnoticedly maintained through the generations without 
expanding its distribution area. To control the pest in this 
area, a pier was built at the foot of the mountain to enable 
and approach the abandoned rice paddy from the ocean.  

On Tsuken Island, the situation was opposite. The Island is 
at least 4 km away from Okinawa Island. The mark-release 
recapture study showed that the sweet potato weevil has a 
flight ability up to 2 km over the ocean. In this regard, it was 

assumed that sweet potato weevil will not be able to flight 
from Okinawa Island to Tsuken Island. However, while the 
pest population detected in host plants was almost com-
pletely eliminated on Tsuken Island within two years after 
the initiation of SIT releases, hundreds of males were being 
caught every year by monitoring traps using sex pheromones 
on Tsuken Island. The host plants were investigated all over 
Tsuken Island to identify all the sweet potato I. batatas fields 
and wild hosts (blue morning glory I. indica and beach 
morning glory, I. pes-caprae) populations. No sweet potato 
fields or wild host communities were found infested by 
sweet potato weevil. 

 

The abandoned village in Kume Island, where sweet potato was found 
(Photo: OPPPC). 

Therefore, the investigation was conducted on the possibility 
that male sweet potato weevils may have flown from outside 
of Tsuken Island, i.e. the shore of Okinawa Island opposite 
to Tsuken Island, where they occur. Sterile insects were re-
leased at several points on this area in Okinawa Island to de-
termine if they could reach Tsuken Island. The recapture re-
sults showed that a small number of released weevils were 
trapped in Tsuken Island, indicating that sweet potato weevil 
males can travel considerably longer distances than previ-
ously thought. However, this is considered as passive long-
distance travel on the wind rather than active flight. Since 
these frequent fly-in entries from outside the island were ba-
sically thought to involve only males, there was almost no 
concern about re-colonization on the island due to this pro-
cess. However, since hundreds of sweet potato weevil males 
were trapped every year and there was no way to distinguish 
weather the captured males are flying in from outside the is-
land or occurring on the island, the eradication could not be 
confirmed. 

In response to this, the idea was to identify the main source 
of sweet potato weevils flying in from outside the island and 
controlling that area to indirectly reduce the number of trap-
ping in the island. Based on the results of the above mark-
release recapture experiment and the density survey using 
pheromone traps, it was assumed that the area called 
Heshikiya in Okinawa Island might be the main source of 
the sweet potato weevils’ entry in Tsuken Island. So, the 
suppression of sweet potato weevil males by mass-trapping 
in this area was conducted. Although MAT is much easier 
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and less costly to be conducted by using fiber boards, mass 
trapping was performed in order to properly evaluate the hy-
pothesis by counting the number of males trapped. Continu-
ous control in the Heshikiya area resulted in a decrease in 
the number of weevils trapped at Tsuken Island, as expected, 
and the investigation to confirm eradication could be con-
ducted without hindrance. 

 

Mark-release recapture experiment (Photo: OPPPC). 

This would be the first case in the world on the eradication 
of a pest in an area where transitory entries that do not lead 
to re-establishment occurs. Maintenance of the pest free sta-
tus after eradication is likely to be quite costly in such loca-
tions, if delimitation survey has to be done in the vicinity of 
each case of trap catch, as is done for the fruit flies. 

Therefore, prior to confirm the eradication, a system was 
created to support surveillance after eradication. The idea is 
to distinguish between the transitory entry from outside the 
island and re-colonization on the island by the pattern of trap 
catch with surveillance traps. This is done by weighting the 
number of catches in a particular trap according to the sus-
pected occurrence in the vicinity of the trap, such as multiple 
simultaneous or consecutive catches, and calculating the 
score. When this score is significantly higher than the statis-
tically expected number of catches by surveillance traps in 
the absence of a re-colonization on the island, an alert is is-
sued, prompting to conduct a confirmation survey of the re-
colonization. This system enables to efficiently and accu-
rately identify the presence and (if any) area of sweet potato 
weevil occurrence. 

The eradication confirmation investigation in Tsuken Island 
was conducted under the Covid-19 Pandemic, which caused 
many hardships, including the inability to dedicate a large 
number of personnel to the survey. As the island is remote 
with no police or hospital and many of the residents are el-
der, there was a period that entry from outside the island was 
severely restricted. More than a year has passed since the 
eradication was confirmed, but a formal celebration of the 
eradication has yet to be held.  

Read more: 

Himuro C., et al. (2022). First case of successful eradication 
of the sweet potato weevil, Cylas formicarius (Fabricius), 
using the sterile insect technique. PLoS One, 17 (5): 
e0267728. https://doi.org/10.1371/journal.pone.0267728; 

Ikegawa Y., et al. (2022) Eradication of sweetpotato weevil, 
Cylas formicarius, from Tsuken Island, Okinawa, Japan, un-
der transient invasion of males. Journal of Applied Entomol-
ogy, 00,1–10. https://doi.org/10.1111/jen.13004. 

Source: Atsushi Honma, Okinawa Prefectural Plant Protection Center 
(OPPPC), Japan. 

Researchers Use Simulation Model to Opti-
mize Delimitation Trapping Surveys 

The global costs associated with invasive insects add up to 
more than US $70 billion every single year—and that price 
tag is expected to increase as climate change, global trade, 
and an overall uptick in human movement help expand the 
ranges of exotic pests. 

 

When an invasive insect appears, responders must quickly set monitor-
ing traps in the area to determine the extent of the pest outbreak. For an 

outbreak of Mediterranean fruit flies (Ceratitis capitata), for instance, 
traps such as this McPhail trap might be used (Photo: Peggy Greb, 

USDA Agricultural Research Service, Bugwood.org). 

That expensive problem inspired a collaboration between re-
searchers from the United States Department of Agricul-
ture’s (USDA) Animal and Plant Health Inspection Services 
(APHIS) and Agricultural Research Service (ARS) as well 
as the Center for Integrated Pest Management at North Car-
olina State University. In a study published in October 2021 
in the Journal of Economic Entomology 
(https://doi.org/10.1093/jee/toab184), the team used simu-
lated outbreak data to look at the design of trapping surveys 
for determining how far an outbreak has reached. They 
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found that factors like grid shape and size, insect dispersal 
ability, trap density, and trap attractiveness all make a dif-
ference when it comes to optimizing surveys. 

“In the US, after an exotic pest is detected there’s usually an 
early need to determine the boundaries of the population,” 
says Barney Caton, pest exclusion analysis coordinator with 
USDA-APHIS and the first author of the paper. “So, the de-
limiting survey is one tool aimed at doing that.” 

This means establishing a grid over the outbreak and deploy-
ing traps to figure out how far the pests have spread. That—
or visual surveys for insects that can’t be trapped—provides 
the data that agencies and stakeholders need to figure out the 
next steps in dealing with an outbreak. 

The default design is a fully trapped square, using a 5-by-5-
mile grid for less mobile insects or a 9-by-9-mile grid for 
more mobile pests. But are these ideal for the job? 

Tasked with this question, Caton reached out to Nicholas 
Manoukis, a supervisory research biologist with USDA-
ARS who had a model perfect for the project: TrapGrid. The 
team used TrapGrid to look at 30-day randomized outbreaks 
and calculate the mean probability of capturing individual 
pests using default and modified survey designs. 

 
Many current standard guidelines for delimitation surveys call for 

square trapping grids, but a circle design is more efficient. As this dia-
gram shows, a pest that can reach the far corner of a square grid can 
easily reach beyond the grid if moving in a different direction. Con-

versely, a square grid large enough to cover a pest’s maximum travel 
radius would cover excess area—21.5% more than needed (Image origi-
nally published in Caton et al 2021, Journal of Economic Entomology). 

“No one had really done a whole lot of work on determining 
how the schemes were doing—in particular whether the 
sizes were right or whether the densities were right,” Caton 
says. “So, our work was the first example of using more ad-
vanced analytics to actually go back and evaluate the tradi-
tional design.” 

Some of the findings confirm what many experts already do 
in the field—like the shape of the grid. Caton says it’s 

intuitive to set these up as a circle, measuring the max dis-
tance the pest should move from the center of the outbreak 
in every direction. However, the published designs default 
to square grids. The corners of those squares are outside the 
radius, so using a circle means a 21.5% reduction in traps 
and area to service. 

Optimizations like this could mean better quality data and 
conserved resources, which may be a big deal down the road. 
“If exotic species continue to be introduced and potentially 
established and the rates are going up, as some studies sug-
gest, we may be doing more and more delimitation surveys 
over time,” Caton says. “So, doing them cheaply is going to 
be important to constrained budgets and make this manage-
able.” 

The study highlighted the value of updating survey designs 
for pests with low to moderate mobility to avoid oversizing 
grids. Another important factor is trap density, which may 
be tied to how attractive the traps are and how serious the 
pest is. 

For traps that are super attractive to the insect—like those 
that use pheromone lures with irresistible cues a pest can fol-
low some distance—a survey likely needs fewer traps. Traps 
that use food-based or visual lures, which only pull in pests 
that are hungry or close enough to notice color, may require 
higher densities. 

The research team verified their simulation results by run-
ning empirical data from detection surveys through the 
model. As predicted, they found that a number of those sur-
veys were oversized. 

Now, they are conducting field experiments in Hawaii using 
the Mediterranean fruit fly (Ceratitis capitata) to demon-
strate how their design improvements work in the field.  

Source: Entomology Today. By Melissa Mayer, 22 November 2021, https://ento-
mologytoday.org/2021/11/22/simulation-model-optimize-delimitation-trapping-
surveys-invasive-insects/. 

How did Adelaide Eradicate its Queensland 
Fruit Fly Outbreak? 

The Successful Campaign Took Planning, a Strate-
gic Approach – and an Impressive Number of Ster-
ile Fruit Flies 

A year-long outbreak of Queensland fruit fly in metropolitan 
Adelaide was declared eradicated on 22 February 2022, 
bringing an end to restrictions on transport of fruit across the 
city. 

It is a relief for South Australian communities, who have 
battled several outbreaks of both Queensland fruit fly (Bac-
trocera tryoni) and Mediterranean fruit fly (Ceratitis capi-
tata) across the state in recent years. 

At the height of the outbreaks in 2021, the South Australian 
Department of Primary Industries and Regions (PIRSA) was 
eradicating 11 Mediterranean fruit fly outbreaks and one 
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Queensland fruit fly outbreak in metropolitan Adelaide, one 
Mediterranean fruit fly outbreak in Port Augusta, and five 
Queensland fruit fly outbreaks in the Riverland. The Medi-
terranean fruit fly outbreaks in metropolitan Adelaide were 
declared over in December 2021. 

Credit: Department of Primary Industries and Regions (PIRSA). 
This recent announcement brings the number of remaining 
outbreaks down to two: both of Queensland fruit fly in the 
Riverland. So how did Adelaide manage to outsmart this 
horticultural pest? 

The fly is described by the Queensland Department of Agri-
culture and Fisheries as a “major and frequent pest”. Fe-
males lay their eggs in fruit on trees or on the ground, and 
hatching maggots feast on the fruit. 

According to Nick Secomb, General Manager of the Fruit 
Fly Response Program at PIRSA, the wide host range of the 
fruit fly is part of what makes it dangerous. 

“In South Australia there’s about $1.3 billion worth of pro-
duce grown every year that the fruit fly can infect,” he ex-
plains. 

 

Credit: Department of Primary Industries and Regions (PIRSA). 

Effectively combating a fruit fly outbreak requires a few dif-
ferent strategies, targeting different stages in the insect life 
cycle. 

Strategically placed traps across the state emit pheromones 
to attract flies for monitoring purposes. Adult flies are tar-
geted with a bait containing an insecticide called Spinosad, 
derived from a soil bacterium. 

“It’s really specific to fruit fly and they come and feed on it 
and die,” says Secomb. “Because it’s organic, we can use it 
in residential areas.” 

Fallen fruit is collected and composted at high temperatures 
to kill off any fruit fly eggs or larvae that may be lurking 
within. Once the fly populations have been brought down 
sufficiently, it’s time to send in the sterile flies. 

Sterile insect technique was key to PIRSA’s fruit fly control 
effort. “It starts in a really specialised factory,” says 
Secombe. “For the Queensland fruit fly, we’ve got our own 
facility in Port Augusta.”. Sterile Mediterranean fruit flies, 
meanwhile, are grown in Western Australia. 

The sterilised flies are sent to an operations team, who re-
lease them into the outbreak area, either with a plane or from 
the back of a specialised pickup truck. When the sterile flies, 
which. When the sterile flies, which are otherwise “fit and 
healthy”, mate with wild flies, no viable offspring can be 
created. For eradication, it’s important to be able to flood the 
wild population with enough sterile flies to disrupt reproduc-
tion for the whole population. 

Sounds pretty effective, so why isn’t this being used to erad-
icate Queensland fruit fly all over the country? “Sterile flies 
really struggle to be effective if there’s millions of wild flies 
out there anyway,” Secomb says. “They can’t overwhelm 
the population as they need to. So, the places where there’s 
lots of fruit fly naturally, it’s really hard for sterile flies to do 
their job. Luckily for Adelaideans, in this case the fruit fly 
numbers were controlled to a degree that allowed the sterile 
flies to fulfil their destiny. 

Source: Cosmos, by Matilda Handsley-Davis, 24 February 2022. 
https://cosmosmagazine.com/earth/agriculture/adelaide-eradicate-
queensland-fruit-fly/. 

Sterile Insect Technique Trial Heralds Pesti-
cide-free Future 

British fruit growers moved a step closer to chemical-free 
production after a world-first field trial using sterile insects 
achieved a 91 per cent reduction in the detection of destruc-
tive pest spotted-wing drosophila (SWD). 

Reading-based agritech start-up BigSis conducted the trial 
using an updated version of the sterile insect technique (SIT) 
in partnership with BerryGardensand the research institute 
NIAB EMR. 

The SIT has long been recognised as 'the perfect solution' for 
insect pest control, BigSis founder Glen Slade said, but in 
the 60 years since it was conceived, it’s always been too ex-
pensive to deploy beyond a limited number of special-use 
cases. However, BigSis turned to artificial intelligence and 
robotics to automate SIT, he revealed: a breakthrough that 
slashed the cost of SIT solutions by as much as 90%. 

The SIT basic premise is simple, he explained: sterilise and 
release male insects into the crop, where they mate with wild 
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females to prevent the rapid increase in pest populations that 
leads to crop damage. 

“We’re finally bringing SIT to growers as an affordable, 
farm-scale solution for insect pest control in agricultural 
crops,” he said. 

 
Spotted-wing drosophila is a major pest in soft fruit and stone fruit. 

Conducted in Kent, the field trial focused on the control of 
SWD, a global invasive pest of soft fruit, first detected in the 
UK in 2012, that can cause thousands of pounds worth of 
damage. 

BigSis released sterile male SWD in and around a crop of 
everbearing strawberries between April and the end of har-
vest. Using sticky traps with lures, numbers of wild female 
SWD were monitored at the treated site and two control 
sites. 

During the trial, numbers of female SWD in the treated plot 
barely rose above one per trap per week, compared to a peak 
of nearly ten insects per trap per week in untreated controls, 
BigSis said. 

 
“We are thrilled that this world-first trial of SIT to control 
SWD has given such a convincing demonstration of season-
long control, with a suppression result of up to 91 per cent,” 
said Slade. 

Source: Fresh Produce Journal, 30 November 2021, By Luisa Cheshire. 
https://www.fruitnet.com/fresh-produce-journal/sit-trial-heralds-pesti-
cide-free-future/186971.article. 

Sterile Moth Programme Aims to Protect 
Local Almond and Pistachio 

Sterile moths taking off from an airport in Shafter, California 
on the week of 14 March 2022 are the latest recruits for a 
test programme local almond and pistachio growers hope 
will lead to the eradication of one of their worst enemies. 

 
Environmental scientist Cameron Poole loads a plane in Shafter, Cali-
fornia with roughly 750 000 sterile moths. The moths will be released 

over ag fields in Fresno County (Rod Thornburg). 

Planes loaded with navel orangeworms, all of them raised 
and irradiated in Phoenix, Ariz., will fly to Fresno County. 
There they will be released and, if all goes well, mate with 
wild populations without producing offspring. 

The flights are designed to help scientists determine how 
many of the sterile insects are needed to overwhelm a given 
pest population. Another goal is to test whether the human-
raised moths can be effectively released into the wild using 
the same equipment that was deployed in the successful U.S. 
eradication of the cotton pest pink bollworm. 

The navel orangeworm is a top concern for growers of al-
monds and pistachios, Kern's third and fourth top-grossing 
crops in 2020 at US $1.1 billion and US $945 million, re-
spectively. Not only does the insect eat the crops, but they 
can introduce a fungus for which international tolerance lev-
els are low.  

Growers have contributed hundreds of thousands of dollars 
to support the sterile moth project, which builds on work 
done by the California Natural Resource Board. The effort 
is in its third year as a U.S. Department of Agriculture pro-
gramme. 

The programme's budget stands at US $8.1 million, up from 
an earlier allocation of US $6 million. Richard Matoian, 
president of the American Pistachio Growers, said by email 
that industry is pushing for a US $12 million appropriation 
next year on the way to, ideally, US $21 million, based on 
federal projections of how much it might cost to scale up the 
effort. 
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"This is a great project because, if successful, it will reduce 
the number of sprays and the total amount of pesticides 
used," Matoian wrote. 

Richard Waycott, president and CEO of the Almond Board 
of California, said by email his organization has monitored 
the results of the federal programme. The board supports de-
velopment of new crop pest management solutions, "espe-
cially for navel orangeworm, almonds' No. 1 pest," he wrote. 

Initially, sterile moths from Phoenix were released over Lost 
Hills. That stopped when the grower whose orchard was the 
site of the release also introduced mating disruption, whose 
use of pheromones makes it hard to trap males for testing to 
determine how well the sterile moth program works. 

A big question now is how to ensure enough moths will sur-
vive being released at speeds of 100 mph or more at no lower 
than 500 feet elevation, said Bob Klein, manager of the Cal-
ifornia Pistachio Research Board. 

"There are a number of technical issues that have to be 
worked out," Klein said. He estimated that if things go well, 
the sterile moth programme might be ready a full rollout in 
as soon as five years. 

Source: Bakersfield.com, 14 March 2022, by John Cox. 
(https://www.bakersfield.com/news/sterile-moth-program-aims-to-
protect-local-almond-pistachio-grows/article_44cb064c-a3c5-11ec-
a995-33005f0040a7.html). 

Innovative Smartphone App Helps Identify 
Fruit Flies of Major Economic Significance 
in EU and Africa 

 

The European research project FF-IPM, In-silico boosted, 
pest prevention, and off-season focused IPM against new 
and emerging fruit flies (‘OFF-Season’), targets three highly 
polyphagous fruit fly species (Tephritidae) that cause devas-
tating losses in the fresh fruit producing industry, the Medi-
terranean fruit fly (Ceratitis capitata), the Oriental fruit fly 
(Bactrocera dorsalis) and the peach fruit fly (B. zonata). 
These pests pose an imminent threat to European horticul-
ture. 

One of the goals of FF-IPM is to produce rapidly identifica-
tion tools to intercept specimens in imported commodities 
and at processing industries. Rapid identification of fruit 
flies is crucial in preventing fruit flies from entering main-
land EU territories and keeping the new populations at low 
levels of spreading. 

On the framework of the FF-IPM an electronic multi-entry 
identification key for fruit flies that are considered of signif-
icance for quarantine measures in the EU was developed. 
The key contains characters to differentiate between adults 
of 23 fruit fly species of the subfamily Dacinae, that are de-
termined as of economic significance to the European Union 
and other associated regions. The shortlist of 23 species in-
cludes the three target fruit flies (Bactrocera dorsalis, B. zo-
nata and Ceratitis capitata) of FF-IPM and several species 
closely related to these. 

This multi-entry identification key is based also on the work 
of Project F3 Fruit Fly Free, a multi-collaborations project 
that aims to develop a regionally harmonized framework for 
development and implementation of recognized Pest Free 
Areas (PFAs) and Areas of Low Pest Prevalence (ALPPs) 
for regulated fruit fly pests of commercial fruit commodities 
in southern Africa (South Africa and Mozambique). The 
Project F3 Fruit Fly Free has created a key to the fruit flies 
in Africa of major economic significance. 

These two keys are now converted to user friendly mobile 
applications that can be installed on your smartphone and 
they are downloadable for free through the following links: 

Key important fruit flies EU 

https://play.google.com/store/apps/details?id=com.lu-
cidcentral.mobile.fruit_flies_ffipm. 

https://apps.apple.com/app/key-important-fruit-flies-
eu/id1600191559. 

Key selected fruit flies Africa 

https://play.google.com/store/apps/details?id=com.lu-
cidcentral.mobile.fruit_flies_africa. 

https://apps.apple.com/app/key-selected-fruitflies-af-
rica/id1600205756. 

 

Source: FFIPM Bulletin • ISSUE 04 • March 2022. https://fruitflies-
ipm.eu/wp-content/uploads/2021/07/FFIPM_newsletter_04.pdf. 
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Relevant Published Articles 
The Sterile Insect Technique is Protected 
from Evolution of Mate Discrimination  

James J. Bull1 and Richard Gomulkiewicz2 
1 Biological Sciences, University of Idaho, Moscow, ID, United States of 

America 
2 School of Biological Sciences, Washington State University, Pullman, 

WA, United States of America 

Abstract 

Background: The sterile insect technique (SIT) has been 
used to suppress and even extinguish pest insect populations. 
The method involves releasing artificially reared insects 
(usually males) that, when mating with wild individuals, 
sterilize the broods. If administered on a large enough scale, 
the sterility can collapse the population. Precedents from 
other forms of population suppression, especially chemicals, 
raise the possibility of resistance evolving against the SIT. 
Here, we consider resistance in the form of evolution of fe-
male discrimination to avoid mating with sterile males. Is 
resistance evolution expected? 

Methods: We offer mathematical models to consider the dy-
namics of this process. Most of our models assume a con-
stant-release protocol, in which the same density of males is 
released every generation, regardless of wild male density. 
A few models instead assume proportional release, in which 
sterile releases are adjusted to be a constant proportion of 
wild males. 

Results: We generally find that the evolution of female dis-
crimination, although favored by selection, will often be too 
slow to halt population collapse when a constant-release im-
plementation of the SIT is applied appropriately and contin-
ually. The accelerating efficacy of sterile males in dominat-
ing matings as the population collapses works equally 
against discriminating females as against non-discriminating 
females, and rare genes for discrimination are too slow to 
ascend to prevent the loss of females that discriminate. Even 
when migration from source populations sustains the treated 
population, continued application of the SIT can prevent 
evolution of discrimination. However, periodic premature 
cessation of the SIT does allow discrimination to evolve. 
Likewise, use of a ‘proportional-release’ protocol is also 
prone to escape from extinction if discriminating genotypes 
exist in the population, even if those genotypes are initially 
rare. Overall, the SIT is robust against the evolution of mate 
discrimination provided care is taken to avoid some basic 
pitfalls. The models here provide insight for designing pro-
grams to avoid those pitfalls. 

The full paper was published in: PeerJ 10:e13301 
https://doi.org/10.7717/peerj.13301. 

New World Screwworm (Cochliomyia homi-
nivorax) Myiasis in Feral Swine of Uruguay: 
One Health and Transboundary Disease Im-
plications 

Martín Altuna1, Paul V. Hickner2, Gustavo Castro1, Santi-
ago Mirazo1, Adalberto A. Pérez de León2 and Alex P. 

Arp2* 
1 Universidad de la República, Grupo Proyecto Jabalí, Montevideo, 

Uruguay.  
2 Knipling-Bushland U.S. Livestock Insects Research Laboratory and 

Veterinary  
Pest Genomics Center, U.S.Department of Agriculture-Agricultural Re-

search  
Service (USDA-ARS), Kerrville, TX, USA. 

*Correspondence: alex.arp@usda.gov 

Abstract 

Background: Feral swine (Sus scrofa) are highly invasive 
and threaten animal and human health in the Americas. The 
screwworm (Cochliomyia hominivorax) is listed by the 
World Organization for Animal Health as a notifiable infes-
tation because myiasis cases affect livestock, wildlife, and 
humans in endemic areas, and outbreaks can have major so-
cioeconomic consequences in regions where the screwworm 
has been eradicated. However, a knowledge gap exists on 
screwworm infestation of feral swine in South America, 
where the screwworm is endemic. Here, we report screw-
worm infestation of feral swine harvested in Artigas Depart-
ment (Uruguay), where the Republic of Uruguay shares bor-
ders with Brazil and Argentina. 

Methods: Myiasis caused by the larvae of screwworm were 
identified in feral swine with the support and collaboration 
of members of a local feral swine hunting club over a 3-year 
period in the Department of Artigas. Harvested feral swine 
were examined for the presence of lesions where maggots 
causing the myiasis could be sampled and processed for tax-
onomic identification. The sites of myiasis on the body of 
infested feral swine and geospatial data for each case were 
recorded. The sex and relative size of each feral swine were 
also recorded. Temperature and precipitation profiles for the 
region were obtained from public sources. 

Results: Myiases caused by screwworms were recorded in 
27 of 618 the feral swine harvested. Cases detected in males 
weighing > 40 kg were associated with wounds that, due to 
their location, were likely caused by aggressive dominance 
behaviour between adult males. The overall prevalence of 
screwworm infestation in the harvested feral swine was as-
sociated with ambient temperature, but not precipitation. 
Case numbers peaked in the warmer spring and summer 
months. 
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Conclusions: This is the first report on myiasis in feral 
swine caused by screwworm in South America. In contrast 
to myiasis in cattle, which can reach deep into host tissues, 
screwworms in feral swine tended to cause superficial infes-
tation. The presence of feral swine in screwworm endemic 
areas represents a challenge to screwworm management in 
those areas. Screwworm populations maintained by feral 
swine may contribute to human cases in rural areas of Uru-
guay, which highlights the importance of the One Health ap-
proach to the study of this invasive host species ectoparasite 
interaction. 

The full paper was published in: Parasites &Vectors (2021) 14:26. 
https://doi.org/10.1186/s13071-020-04499-z. 
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Southwest Germany Supported by the Ster-
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Abstract 

Background: Background: The invasive species Aedes al-
bopictus, commonly known as the Asian tiger mosquito, has 
undergone extreme range expansion by means of steady in-
troductions as blind passengers in vehicles traveling from 
the Mediterranean to south-west Germany. The more than 
25 established populations in the State of Baden-Württem-
berg, Palatine and Hesse (south-west Germany) have be-
come a major nuisance and public health threat. Aedes al-
bopictus deserves special attention as a vector of arbo-
viruses, including dengue, chikungunya and Zika viruses. In 
Germany, Ae. albopictus control programs are implemented 
by local communities under the auspices of health depart-
ments and regulatory offices. 

Methods: The control strategy comprised three pillars: (i) 
community participation (CP) based on the elimination of 

breeding sites or improved environmental sanitation, using 
fizzy tablets based on Bacillus thuringiensis israelensis 
(fizzy Bti tablets; Culinex® Tab plus); (ii) door-to-door 
(DtD) control by trained staff through the application of high 
doses of a water-dispersible Bti granular formulation (Vec-
tobac® WG) aimed at achieving a long-lasting killing effect; 
and (iii) implementation of the sterile insect technique (SIT) 
to eliminate remaining Ae. albopictus populations. Prior to 
initiating large-scale city-wide treatments on a routine basis, 
the efficacy of the three elements was evaluated in labora-
tory  

and semi-field trials. Special emphasis was given to the mass 
release of sterile Ae. albopictus males. 

Results: More than 60% of the local residents actively par-
ticipated in the first pillar (CP) of the large-scale control pro-
gram. The most effective element of the program was found 
to be the DtD intervention, including the application of Vec-
tobac® WG (3000 ITU/mg) to potential breeding sites (10g 
per rainwater container, maximum of 200 l = maximum of 
approx. 150 000 ITU/l, and 2.5 g per container<50 l) with a 
persistence of at least 3 weeks. In Ludwigshafen, larval 
source management resulted in a Container Index for Ae. al-
bopictus of < 1% in 2020 compared to 10.9% in 2019. The 
mean number of Aedes eggs per ovitrap per 2 weeks was 4.4 
in Ludwigshafen, 18.2 in Metzgergrün (Freiburg) (SIT area) 
and 22.4 in the control area in Gartenstadt (Freiburg). The 
strong reduction of the Ae. albopictus population by Bti ap-
plication was followed by weekly releases of 1013 (Lud-
wigshafen) and 2320 (Freiburg) sterile Ae. albopictus males 
per hectare from May until October, resulting in a high per-
centage of sterile eggs. In the trial areas of Ludwigshafen 
and Frieburg, egg sterility reached 84.7±12.5% and 
62.7±25.8%, respectively; in comparison, the natural steril-
ity in the control area was 14.6±7.3%. The field results were 
in line with data obtained in cage tests under laboratory con-
ditions where sterility rates were 87.5±9.2% after wild fe-
males mated with sterile males; in comparison, the sterility 
of eggs laid by females mated with unirradiated males was 
only 3.3±2.8%. The overall egg sterility of about 84% in 
Ludwigshafen indicates that our goal to almost eradicate the 
Ae. albopictus population could be achieved. The time for 
inspection and treatment of a single property ranged from 19 
to 26 min depending on the experience of the team and costs 
6–8 euros per property. 

Conclusions: It is shown that an integrated control program 
based on a strict monitoring scheme can be most effective 
when it comprises three components, namely CP, DtD inter-
vention that includes long-lasting Bti-larviciding to strongly 
reduce Ae. albopictus populations and SIT to reduce the re-
maining Ae. albopictus population to a minimum or even to 
eradicate it. The combined use of Bti and SIT is the most 
effective and selective tool against Ae. albopictus, one of the 
most dangerous mosquito vector species. 

The full paper was published in: Parasites & Vectors (2022) 15:9. 
https://doi.org/10.1186/s13071-021-05112-7. 



Insect Pest Control Newsletter, No. 99, July 2022 

 

40 

 

Papers in Peer Reviewed Journals
In Press 
BALESTRINO, F., A. PUGGIOLI, M. MALFACINI, A. 
ALBIERI, J. BOUYER et al. Field performance assessment 
of Aedes albopictus irradiated males through mark-release-
recapture trials with multiple release points. Frontiers in 
Bioengineering and Biotechnology (in press). 

BALESTRINO, F., J. BOUYER, M.J.B VREYSEN, and E. 
VERONESI. Impact of irradiation on vector competence of 
Aedes aegypti and Aedes albopictus (Diptera: Culicidae) for 
dengue and chikungunya viruses. Frontiers in 
Bioengineering and Biotechnology (in press). 

DIAS, V.S. and A.G. MOREIRA. Tratamentos 
fitossanitários com fins quarentenários, In: Zucchi, R.A., 
Malavasi, A., Adaime, R., Nava, D., (Eds.), Moscas-das-
Frutas no Brasil: Conhecimento Básico e Aplicado, 2nd ed., 
FEALQ, Piracicaba, SP, Brasil (in press). 

DIAS, V.S., I.S. JOACHIM-BRAVO and B.A.J. 
PARANHOS Comportamento das moscas-das-frutas, In: 
Zucchi, R.A., Malavasi, A., Adaime, R., Nava, D., (Eds.), 
Moscas-das-Frutas no Brasil: Conhecimento Básico e 
Aplicado, 2nd ed., FEALQ, Piracicaba, SP, Brasil (in press). 

JOACHIM-BRAVO, I.S., V.S. DIAS and A.K.P. RORIZ. 
Alimentação, nutrição e dietas artificiais, In: Zucchi, R.A., 
Malavasi, A., Adaime, R., Nava, D., (Eds.), Moscas-das-
Frutas no Brasil: Conhecimento Básico e Aplicado, 2nd ed., 
FEALQ, Piracicaba, SP, Brasil (in press). 

MAIGA, H., W. MAMAI, N.S. BIMBILÉ SOMDA, T. 
WALLNER O.D. MASSO et al. Standardization of the 
FAO/IAEA flight test for quality control of sterile 
mosquitoes. Frontiers in Bioengineering and Biotechnology 
(in press). 

MANOUKIS, N.C., A. MALAVASI and R. PEREIRA. 
Técnica de aniquilação de machos, In: Zucchi, R.A., 
Malavasi, A., Adaime, R., Nava, D., (Eds.), Moscas-das-
Frutas no Brasil: Conhecimento Básico e Aplicado, 2nd ed., 
FEALQ, Piracicaba, SP, Brasil (in press).  

NIKOLOULI, K., H. COLINET, C. STAUFFER AND K. 
BOURTZIS. How the mighty have adapted: Genetic and mi-
crobiome changes during laboratory adaptation in the key 
pest Drosophila suzukii. Entomologia Generalis (in press). 

PEREIRA, R. and A. MALAVASI. Áreas livres, de baixa 
prevalência e systems approach, In: Zucchi, R.A., Malavasi, 
A., Adaime, R., Nava, D., (Eds.), Moscas-das-Frutas no 
Brasil: Conhecimento Básico e Aplicado, 2nd ed., FEALQ, 
Piracicaba, SP, Brasil (in press). 

PEREIRA, R., J. HENDRICHS and A. MALAVASI. 
Técnica do inseto estéril, In: Zucchi, R.A., Malavasi, A., 
Adaime, R., Nava, D., (Eds.), Moscas-das-Frutas no Brasil: 
Conhecimento Básico e Aplicado, 2nd ed., FEALQ, 
Piracicaba, SP, Brasil (in press). 

2022 
AUGUSTINOS, A.A, K. NIKOLOULI, L. DURAN DE LA 
FUENTE, M. MISBAH-UL-HAQ, D.O. CARVALHO and 
K. BOURTZIS (2022). Introgression of the Aedes aegypti 
Red-Eye Genetic Sexing Strains into different genomic 
backgrounds for sterile insect technique applications. Fron-
tiers in Bioengineering and Biotechnology 10:821428.  

BIMBILÉ SOMDA, N.S., H. MAÏGA, W. MAMAI, H. 
YAMADA, J. BOUYER et al. (2022). Adult mosquito pre-
dation and potential impact on the sterile insect technique. 
Scientific Reports 12:2561. 

BOUYER , J.,  MAIGA, H. and M.J.B. VREYSEN (2022). 
Assessing the efficiency of Verily’s automated process for 
production and release of male Wolbachia-infected mosqui-
toes. Nature Biotechnology: 35618926.  

DIENG, M.M., KS.M. DERA, G. DEMIRBAS-UZEL, C.J. 
DE BEER, M.J.B. VREYSEN et al. (2022). Prevalence of 
Trypanosoma and Sodalis in wild populations of tsetse flies 
and their impact on sterile insect technique programmes for 
tsetse eradication. Scientific Reports 12:3322. 

GOUVI, G., A. GARIOU-PAPALEXIOU, A.A. 
AUGUSTINOS, E. DROSOPOULOU, K. BOURTZIS et al. 
The chromosomes of Zeugodacus tau and Zeugodacus cu-
curbitae: a comparative analysis. Frontiers in Ecology and 
Evolution 10:854723. 

MISBAH-UL-HAQ, M., D.O. CARVALHO, L. DURAN 
DE LA FUENTE, A.A. AUGUSTINOS and K. BOURTZIS 
(2022). Genetic stability and fitness of Aedes aegypti red-
eye genetic sexing strains with Pakistani genomic back-
ground for sterile insect technique applications. Frontiers in 
Bioengineering and Biotechnology 10:871703. 

PERCOMA, L., J.B. RAYAISSÉ, G. GIMONNEAU, R. 
ARGILÉS, J. BOUYER et al. (2022) An atlas to support the 
progressive control of tsetse-transmitted animal trypanoso-
mosis in Burkina Faso. Parasites Vectors 15, 72. 

RANATHUNGE, T., J. HARISHCHANDRA, H. MAIGA, 
J. BOUYER, YINS GUNAWARDENA et al. (2022). De-
velopment of the Sterile Insect Technique to control the den-
gue vector Aedes aegypti (Linnaeus) in Sri Lanka. PLoS 
ONE 17(4): e0265244. 

  



Insect Pest Control Newsletter, No. 99, July 2022 

 

41 

SALGUEIRO, J., A.L. NUSSENBAUM, F.H. MILLA, L. 
GOANE, K. BOURTZIS et al. (2022). Analysis of the gut 
bacterial community of wild larvae of Anastrepha fratercu-
lus sp. 1: Effect of host fruit, environment, and prominent 
stable associations of the genera Wolbachia, Tatumella and 
Enterobacter. Frontiers in Microbiology 13:822990.  

THARAKA, R., J. HARISHCHANDRA, H. MAIGA, J. 
BOUYER, M. HAPUGODA et al. (2022). Development of 
the Sterile Insect Technique to control the dengue vector Ae-
des aegypti (Linnaeus) in Sri Lanka. PloS ONE 17 (4): 
e0265244. 

YAMADA, H. and A. PARKER (2022). Gafchromic™ 
MD-V3 and HD-V2 film response depends little on temper-
ature at time of exposure. Radiation Physics and Chemistry 
196:110101.  

YAMADA, H., H. MAIGA, C, KRAUPA, W. MAMAI, 
N.S. BIMBILÉ et al. (2022). Effects of chilling and anoxia 
on the irradiation dose-response in adult Aedes mosquitoes. 
Front. Bioeng. Biotechnol. 10:856780.  

YAMADA, H., V.S. DIAS, A.G. PARKER, M.J.B. 
VREYSEN, W. MAMAI et al. (2022). Radiation dose-rate 
is a neglected critical parameter in dose–response of insects. 
Scientific Reports 12: 6242 

2021 
ABD-ALLA, A.M.M., M.H. KARIITHI and M BERGOIN. 
(2021). Managing pathogens in insect mass-rearing for the 
sterile insect technique, with the tsetse fly salivary gland hy-
pertrophy virus as an example, In: Dyck V.A., Hendrichs J. 
and Robinson A.S., (Eds.), Sterile Insect Technique: Princi-
ples and Practice in Area-Wide Integrated Pest Manage-
ment, 2nd ed., CRC Press, Boca Raton, FL, USA. pp 317-
354. 

ARAÚJO, H.R.C., D.O. CARVALHO and M.L. 
CAPURRO. (2021). Aedes aegypti control programmes in 
Brazil, In: Hendrichs J., Pereira R. and Vreysen M.J.B., 
(Eds.), Area-Wide Integrated Pest Management: Develop-
ment and Field Application, CRC Press, Boca Raton, FL, 
USA. pp 339-366. 

AUGUSTINOS, A.A., G.A. KYRITSIS, C. CÁCERES and 
K. BOURTZIS. (2021). Insect symbiosis in support of the 
sterile insect technique, In: Dyck V.A., Hendrichs J. and 
Robinson A.S., (Eds.), Sterile Insect Technique: Principles 
and Practice in Area-Wide Integrated Pest Management, 2nd 
ed., CRC Press, Boca Raton, FL, USA. pp 605-630. 

BAKHOUM, M.T., M.J.B. VREYSEN and J. BOUYER. 
(2021). The use of species distribution modelling and land-
scape genetics for tsetse control, In: Hendrichs J., Pereira R. 
and Vreysen M.J.B., (Eds.), Area-wide Integrated Pest Man-
agement: Development and Field Application, CRC Press, 
Boca Raton, FL, USA. pp 857-868. 

BAKRI, A., K. MEHTA and D.R. LANCE. (2021). Steriliz-
ing insects with ionizing radiation, In: Dyck V.A., Hen-
drichs J. and Robinson A.S., (Eds.), Sterile Insect Tech-
nique: Principles and Practice in Area-Wide Integrated Pest 
Management, 2nd ed., CRC Press, Boca Raton, FL, USA. pp 
355-398. 

BALATSOS, G., A. PUGGIOLI, V. KARRAS, I. LYTRA, 
J. BOUYER et al. (2021). Reduction in egg fertility of Aedes 
albopictus mosquitoes in Greece following releases of im-
ported sterile males. Insects 2021, 12, 110. 

BELLINI, R., M. CARRIERI, F. BALESTRINO, A. 
PUGGIOLI, J. BOUYER et al. (2021) Field competitiveness 
of Aedes albopictus [Diptera: Culicidae] irradiated males in 
pilot sterile insect technique trials in northern Italy. Journal 
of Medical Entomology, Volume 58, Issue 2, Pages 807–
813. 

BELLO-RIVERA, A., R. PEREIRA, W. ENKERLIN, S. 
BLOEM, K. BLOEM et al. (2021). Successful area-wide 
programme that eradicated outbreaks of the invasive cactus 
moth in Mexico, In: Hendrichs J., Pereira R. and Vreysen 
M.J.B., (Eds.), Area-wide Integrated Pest Management: De-
velopment and Field Application, CRC Press, Boca Raton, 
FL, USA. pp 561-580. 

BENAVENTE-SÁNCHEZ, D., J. MORENO-MOLINA and 
R. ARGILÉS-HERRERO (2021). Prospects for remotely pi-
loted aircraft systems in area-wide integrated pest manage-
ment programmes, In: Hendrichs J., Pereira R. and Vreysen 
M.J.B., (Eds.), Area-wide Integrated Pest Management: De-
velopment and Field Application, CRC Press, Boca Raton, 
FL, USA. pp 903-916. 

BOURTZIS, K., M.J.B. VREYSEN (2021). Sterile Insect 
Technique (SIT) and its applications. Insects 12, 638. 

BOUYER, J., J.ST.H. COX, L. GUERRINI, R. 
LANCELOT, M.J.B. VREYSEN et al. (2021). Using geo-
graphic information systems and spatial modelling in area-
wide integrated pest management programmes that integrate 
the sterile insect technique, In: Dyck V.A., Hendrichs J. and 
Robinson A.S., (Eds.), Sterile Insect Technique: Principles 
and Practice in Area-Wide Integrated Pest Management, 2nd 
ed., CRC Press, Boca Raton, FL, USA. pp 703-730. 

CECILIA, H., S. ARNOUX, S. PICAULT, M. VREYSEN, 
J. BOUYER et al. (2021). Dispersal in heterogeneous envi-
ronments drives population dynamics and control of tsetse 
flies. Proc. R. Soc. B 288: 20202810.  

CHAILLEUX, A., D.S. THIAO, S. DIOP, S. AHMAD, C. 
CACERES et al. (2021). Understanding Bactrocera dorsalis 
trapping to calibrate area-wide management. Journal of Ap-
plied Entomology 145(9):831-840. 

  



Insect Pest Control Newsletter, No. 99, July 2022 

 

42 

DE BEER, C.J., A.H. DICKO, J. NTSHANGASE, J. 
BOUYER, M.J.B. VREYSEN et al. (2021). A distribution 
model for Glossina brevipalpis and Glossina austeni in 
Southern Mozambique, Eswatini and South Africa for en-
hanced area-wide integrated pest management approaches. 
PLoS Neglected Tropical Diseases. PLoS Neglected Tropi-
cal Diseases 15(11):e0009989. 

DEMIRBAS-UZEL, G., A.A. AUGUSTINOS, A.G. 
PARKER, K. BOURTZIS, A.M.M. ABD-ALLA et al. 
(2021). Interactions between tsetse endosymbionts and 
Glossina pallidipes salivary gland hypertrophy virus in het-
erologous Glossina hosts. Frontiers in Microbiology 
12:653880. 

DIAS V.S., C. CACERES, A. PARKER, R. PEREIRA, U. 
GULER-DEMIRBAS, A.M.M. ABD-ALLA et al. (2021). 
Mitochondrial superoxide dismutase overexpression and 
low oxygen conditioning hormesis improve the performance 
of irradiated sterile males. Scientific Reports 11:20182. 

DOUCHET, L., M. HARAMBOURE, T. BALDET, G. 
L’AMBERT, J. BOUYER et al. (2021). Comparing sterile 
male releases and other methods for integrated control of the 
tiger mosquito in temperate and tropical climates. Scientific 
Reports 11, 7354.  

DOWELL, R.V., J. WORLEY, P.J. GOMES, P. RENDÓN 
and R. ARGILÉS HERRERO (2021). Supply, emergence, 
and release of sterile insects, In: Dyck V.A., Hendrichs J. 
and Robinson A.S., (Eds.), Sterile Insect Technique: Princi-
ples and Practice in Area-Wide Integrated Pest Manage-
ment, 2nd ed., CRC Press, Boca Raton, FL, USA. pp 441-
484. 

DROSOPOULOU, E., A. DAMASKOU, A. MARKOU, A. 
A. AUGUSTINOS, K. BOURTZIS et al. (2021). The com-
plete mitochondrial genomes of Ceratitis rosa and Ceratitis 
quilicii, members of the Ceratitis FAR species complex 
(Diptera: Tephritidae). Mitochondrial DNA B 6: 1039-1041. 

DYCK, V.A., E.E. REGIDOR FERNÁNDEZ, B.N. 
BARNES, J. REYES FLORES, D. LINDQUIST et al. 
(2021). Communication and stakeholder engagement in 
area-wide pest management programmes that integrate the 
sterile insect technique, In: Dyck V.A., Hendrichs J. and 
Robinson A.S., (Eds.), Sterile Insect Technique: Principles 
and Practice in Area-Wide Integrated Pest Management, 2nd 
ed., CRC Press, Boca Raton, FL, USA. pp 815-840. 

DYCK, V.A., J. REYES FLORES, M.J.B. VREYSEN, E.E. 
REGIDOR FERNÁNDEZ, D. LINDQUIST et al. (2021). 
Management of area-wide pest management programmes 
that integrate the sterile insect technique, In: Dyck V.A., 
Hendrichs J. and Robinson A.S., (Eds.), Sterile Insect Tech-
nique: Principles and Practice in Area-Wide Integrated Pest 
Management, 2nd ed., CRC Press, Boca Raton, FL, USA. pp 
781-814. 

ENKERLIN, W.R. (2021). Impact of fruit fly control pro-
grammes using the sterile insect technique, In: Dyck V.A., 
Hendrichs J. and Robinson A.S., (Eds.), Sterile Insect Tech-
nique: Principles and Practice in Area-Wide Integrated Pest 
Management, 2nd ed., CRC Press, Boca Raton, FL, USA. pp 
979-1006. 

FELDMANN, U., V.A. DYCK, R.C. MATTIOLI, J. 
JANNIN and M.J.B. VREYSEN (2021). Impact of tsetse fly 
eradication programmes using the sterile insect technique, 
In: Dyck V.A., Hendrichs J. and Robinson A.S., (Eds.), Ster-
ile Insect Technique: Principles and Practice in Area-Wide 
Integrated Pest Management, 2nd ed., CRC Press, Boca Ra-
ton, FL, USA. pp 1051-1080. 

FRANZ, G., K. BOURTZIS and C. CÁCERES (2021). 
Practical and operational genetic sexing systems based on 
classical genetic approaches in fruit flies, an example for 
other species amenable to large-scale rearing for the sterile 
insect technique, In: Dyck V.A., Hendrichs J. and Robinson 
A.S., (Eds.), Sterile Insect Technique: Principles and Prac-
tice in Area-Wide Integrated Pest Management, 2nd ed., CRC 
Press, Boca Raton, FL, USA. pp 575-604. 

GATO, R., Z. MENENDEZ, E. PRIETO, R. ARGILES, J. 
BOUYER et al. (2021). Sterile insect technique: successful 
suppression of Aedes Aegypti. Field Population in Cuba. In-
sects 12, 469. 

GIMONNEAU, G., R. OUEDRAOGO, E. SALOU, J.B. 
RAYAISSE, J. BOUYER et al. (2021). Larviposition site 
selection mediated by volatile semiochemicals in Glossina 
palpalis gambiensis. Ecol Entomol, 46: 301-309. 

GIUSTINA, P.D., T. MASTRANGELO, S. AHMAD, G. 
MASCARIN, C. CACERES (2021). Determining the steri-
lization doses under hypoxia for the novel black pupae ge-
netic sexing strain of Anastrepha fraterculus (Diptera, Teph-
ritidae). Insects, 12, 308. 

GÓMEZ-SIMUTA Y., A. PARKER, C. CÁCERES, M.J.B. 
VREYSEN, H. YAMADA (2021). Characterization and 
dose-mapping of an X-ray blood irradiator to assess applica-
tion potential for the sterile insect technique (SIT), Applied 
Radiation and Isotopes, 176, 109859,  

HÄCKER, I., K. BOURTZIS and M.F. SCHETELIG 
(2021). Applying modern molecular technologies in support 
of the sterile insect technique, In: Dyck V.A., Hendrichs J. 
and Robinson A.S., (Eds.), Sterile Insect Technique: Princi-
ples and Practice in Area-Wide Integrated Pest Manage-
ment, 2nd ed., CRC Press, Boca Raton, FL, USA. pp 657-
702. 

HENDRICHS, J. and A.S. ROBINSON (2021). Prospects 
for the future development and application of the sterile in-
sect technique, In: Dyck V.A., Hendrichs J. and Robinson 
A.S., (Eds.), Sterile Insect Technique: Principles and Prac-
tice in Area-Wide Integrated Pest Management, 2nd ed., CRC 
Press, Boca Raton, FL, USA. pp 1119-1170. 

  



Insect Pest Control Newsletter, No. 99, July 2022 

 

43 

HENDRICHS, J., M.J.B. VREYSEN, W.R. ENKERLIN 
and J.P. CAYOL (2021). Strategic options in using sterile 
insects for area-wide integrated pest management, In: Dyck 
V.A., Hendrichs J. and Robinson A.S., (Eds.), Sterile Insect 
Technique: Principles and Practice in Area-Wide Integrated 
Pest Management, 2nd ed., CRC Press, Boca Raton, FL, 
USA. pp 841-884. 

HENDRICHS, J., W.R. ENKERLIN and R. PEREIRA 
(2021). Invasive insect pests: challenges and the role of the 
sterile insect technique in their prevention, containment, and 
eradication, In: Dyck V.A., Hendrichs J. and Robinson A.S., 
(Eds.), Sterile Insect Technique: Principles and Practice in 
Area-Wide Integrated Pest Management, 2nd ed., CRC Press, 
Boca Raton, FL, USA. pp 885-922. 

KLASSEN, W. and M.J.B. VREYSEN (2021). Area-wide 
integrated pest management and the sterile insect technique, 
In: Dyck V.A., Hendrichs J. and Robinson A.S., (Eds.), Ster-
ile Insect Technique: Principles and Practice in Area-Wide 
Integrated Pest Management, 2nd ed., CRC Press, Boca Ra-
ton, FL, USA. pp 75-112. 

KLASSEN, W., C.F. CURTIS and J. HENDRICHS (2021). 
History of the sterile insect technique, In: Dyck V.A., Hen-
drichs J. and Robinson A.S., (Eds.), Sterile Insect Tech-
nique: Principles and Practice in Area-Wide Integrated Pest 
Management, 2nd ed., CRC Press, Boca Raton, FL, USA. pp 
1-44. 

KOSKINIOTI, P., A.A. AUGUSTINOS, D.O. 
CARVALHO, R. ARGILES-HERRERO, K. BOURTZIS et 
al. (2021). Genetic sexing strains for the population suppres-
sion of the mosquito vector Aedes aegypti. Philosophical 
Transactions Royal Society B 376:20190808. 

LEES, R.S., D.O. CARVALHO and J. BOUYER. (2021). 
Potential impact of integrating the sterile insect technique 
into the fight against disease-transmitting mosquitoes, In: 
Dyck V.A., Hendrichs J. and Robinson A.S., (Eds.), Sterile 
Insect Technique: Principles and Practice in Area-Wide In-
tegrated Pest Management, 2nd ed., CRC Press, Boca Raton, 
FL, USA. pp 1081-1118. 

LI, Y., L.A. BATON, D. ZHANG, J. BOUYER, A.G. 
PARKER et al. (2021). Reply to: Issues with combining in-
compatible and sterile insect techniques. Nature 590, E3–E5.  

MAMAI, W., H. MAIGA, N.S. BIMBILE SOMDA, T. 
WALLNER, O.B. MASSO, H. YAMADA, J. BOUYER et 
al. (2021). Does TapWater Quality Compromise the Produc-
tion of Aedes Mosquitoes in Genetic Control Projects? In-
sects 12, 57. 

MANGAN, R.L. and J. BOUYER (2021). Population sup-
pression in support of the sterile insect technique, In: Dyck 
V.A., Hendrichs J. and Robinson A.S., (Eds.), Sterile Insect 
Technique: Principles and Practice in Area-Wide Integrated 
Pest Management, 2nd ed., CRC Press, Boca Raton, FL, 
USA. pp 549-574. 

MARINA, C.F., J.G. BOND, K. HERNÁNDEZ-
ARRIAGA, D.O. CARVALHO, K. BOURTZIS et al. 
(2021). Population dynamics of Aedes aegypti and Aedes al-
bopictus in two rural villages in southern Mexico: baseline 
data for an evaluation of the sterile insect technique. Insects 
12, 58. 

MASTRANGELO, T., A. KOVALESKI, B. MASET, 
M.D.L.Z. COSTA, C. CACERES et al. (2021). Improve-
ment of the mass-rearing protocols for the south american 
fruit fly for application of the sterile insect technique. Insects 
12, 622. 

MEKI I.K., H.I. HUDITZ, A. STRUNOV, R. VAN DER 
VLUGT, A.M.M. ABD-ALLA et al (2021). Characteriza-
tion and tissue tropism of newly identified iflavirus and neg-
evirus in tsetse flies Glossina morsitans morsitans. Viruses 
13, 2472. 

NIKOLOULI, K., F. SASSU, C. STAUFFER, C. 
CÁCERES, K. BOURTZIS et al. (2021). Enterobacter sp. 
AA26 as a protein source in the larval diet of Drosophila 
suzukii. Insects 12, 923. 

OLIVA, C.F., M.Q. BENEDICT, C.M. COLLINS, T. 
BALDET, J. BOUYER et al. (2021). Sterile Insect Tech-
nique (SIT) against Aedes Species Mosquitoes: A Roadmap 
and Good Practice Framework for Designing, Implementing 
and Evaluating Pilot Field Trials. Insects 12, 191. 

PARKER, A.G., M.J.B. VREYSEN, J. BOUYER and C.O. 
CALKINS. (2021). Sterile insect quality control/assurance, 
In: Dyck V.A., Hendrichs J. and Robinson A.S., (Eds.), Ster-
ile Insect Technique: Principles and Practice in Area-Wide 
Integrated Pest Management, 2nd ed., CRC Press, Boca Ra-
ton, FL, USA. pp 399-440. 

PARKER, A.G., W. MAMAI and H. MAIGA (2021). Mass-
rearing for the sterile insect technique, In: Dyck V.A., Hen-
drichs J. and Robinson A.S., (Eds.), Sterile Insect Tech-
nique: Principles and Practice in Area-Wide Integrated Pest 
Management, 2nd ed., CRC Press, Boca Raton, FL, USA. pp 
283-316. 

PEREIRA, R., B. YUVAL, P. LIEDO, P.E.A. TEAL, J. 
HENDRICHS et al. (2021). Improving post-factory perfor-
mance of sterile male fruit flies in support of the sterile insect 
technique, In: Dyck V.A., Hendrichs J. and Robinson A.S., 
(Eds.), Sterile Insect Technique: Principles and Practice in 
Area-Wide Integrated Pest Management, 2nd ed., CRC Press, 
Boca Raton, FL, USA. pp 631-656. 

RAMIREZ-SANTOS, E.; P. RENDON, G. GOUVI, K. 
BOURTZIS, C. CACERES et al. (2021). A novel genetic 
sexing strain of Anastrepha ludens for cost-effective sterile 
insect technique applications: improved genetic stability and 
rearing efficiency. Insects 12, 499. 

  



Insect Pest Control Newsletter, No. 99, July 2022 

 

44 

RENDÓN, P. and W. ENKERLIN. (2021) Area-wide fruit 
fly programmes in Latin America, In: Hendrichs J., Pereira 
R. and Vreysen M.J.B., (Eds.), Area-Wide Integrated Pest 
Management: Development and Field Application, CRC 
Press, Boca Raton, FL, USA. pp 161-196. 

ROBINSON, A.S. (2021). Genetic basis of the sterile insect 
technique, In: Dyck V.A., Hendrichs J. and Robinson A.S., 
(Eds.), Sterile Insect Technique: Principles and Practice in 
Area-Wide Integrated Pest Management, 2nd ed., CRC Press, 
Boca Raton, FL, USA. pp 143-162. 

SASSÙ, F., T. BAKHOUM, J. BOUYER, C. CÁCERES 
(2021). Mating competitiveness of sterile male Drosophila 
suzukii under different atmosphere conditions. Proceedings 
68. 

SASSÙ, F., K. NIKOLOULI, C. STAUFFER, K. 
BOURTZIS and C. CÁCERES-BARRIOS (2021) Sterile in-
sect technique and incompatible insect technique for the in-
tegrated Drosophila suzukii management. In: Flávio Rob-
erto Mello Garcia (ed.), Drosophila suzukii management. 
Springer. pp 169-194. 

SAVINI, G., F. SCOLARI, L. OMETTO, O. ROTA-
STABELLI, A. M. M. ABD-ALLA et al. Viviparity and 
habitat restrictions may influence the evolution of male re-
productive genes in tsetse fly (Glossina) species. BMC Biol 
19, 211. 

SHERENI, W., L. NEVES, R. ARGILÉS, L. 
NYAKUPINDA AND G. CECCHI (2021). An atlas of 
tsetse and animal African trypanosomiasis in Zimbabwe. Pa-
rasites Vectors 14, 50. 

SON J.H., B.L. WEISS, Ks. M. DERA, F. 
GSTOTTENMAYER, A.M.M. ABD-ALLA et al. (2021). 
Infection with endosymbiotic Spiroplasma disrupts tsetse 
(Glossina fuscipes fuscipes) metabolic and reproductive ho-
meostasis. PLoS Pathogy 17(9), e1009539. 

TAIT G., S. MERMER, D. STOCKTON, J. LEE, F. SASSU 
et al. (2021). Drosophila suzukii (Diptera: Drosophilidae): A 
Decade of Research Towards a Sustainable Integrated Pest 
Management Program. Journal of Economic Entomology, 
114(5), 1950–1974. 

TUR, C., D. ALMENAR, S. BENLLOCH-NAVARRO, R. 
ARGILÉS-HERRERO, M. ZACARÉS et al. (2021). Sterile 
insect technique in an integrated vector management pro-
gram against tiger mosquito Aedes albopictus in the Valen-
cia region (Spain): operating procedures and quality control 
parameters. Insects, 12, 272. 

VILJOEN, G.J., R. PEREIRA, M.J.B. VREYSEN, G. 
CATTOLI, M. GARCIA PODESTA (2021). Agriculture: 
improving livestock production, In: Greenspan E. (Ed.), En-
cyclopedia of Nuclear Energy, Elsevier, Amesterdam, Neth-
erlands. Vol.4, pp. 302-312. 

VREYSEN, M.J.B. (2021). Monitoring sterile and wild in-
sects in area-wide integrated pest management programmes, 
In: Dyck V.A., Hendrichs J. and Robinson A.S., (Eds.), Ster-
ile Insect Technique: Principles and Practice in Area-Wide 
Integrated Pest Management, 2nd ed., CRC Press, Boca Ra-
ton, FL, USA. pp 485-528. 

VREYSEN, M.J.B., A.M.M. ABD-ALLA, K. BOURTZIS, 
J. BOUYER, C. CACERES, C. DE BEER, D. OLIVEIRA 
CARVALHO, H. MAIGA, W. MAMAI, K. NIKOLOULI, 
H. YAMADA, and R. PEREIRA (2021). The Insect pest 
control laboratory of the joint FAO/IAEA programme: ten 
years (2010–2020) of research and development, achieve-
ments and challenges in support of the sterile insect tech-
nique. Insects, 12, 346. 

VREYSEN, M.J.B., M.T. SECK, B. SALL, A.G. MBAYE, 
J. BOUYER et al. (2021). Area-wide integrated manage-
ment of a Glossina palpalis gambiensis population from the 
niayes area of Senegal: A review of operational research in 
support of a phased conditional approach, In: Hendrichs J., 
Pereira R. and Vreysen M.J.B., (Eds.), Area-wide Integrated 
Pest Management: Development and Field Application, 
CRC Press, Boca Raton, FL, USA. pp 275-304. 

WARD, C., K. NIKOLOULI, G. GOUVI, C. CÁCERES-
BARRIOS, K. BOURTZIS et al. (2021). White pupae phe-
notype of tephritids is caused by parallel mutations of a MFS 
transporter. Nature Communications 12:491. 

ZHANG D., S. CHEN, A.M.M. ABD-ALLA, K. 
BOURTZIS (2021). The effect of radiation on the gut bac-
teriome of Aedes albopictus. Frontiers in Microbiology 
12:671699.  

2020 
AUGUSTINOS, A.A., M. UL HAQ, D.O. CARVALHO, L. 
DURAN DE LA FUENTE, K. BOURTZIS et al. (2020). Ir-
radiation induced inversions suppress recombination among 
the M locus and morphological markers in Aedes aegypti. 
BMC Genetics 21(Suppl. 2):142. 

BAKRI, A., W. ENKERLIN, R. PEREIRA, J. 
HENDRICHS, E. BUSTOS-GRIFFIN et al. (2020). Teph-
ritid-related databases: TWD, IDIDAS, IDCT, DIR-SIT. In: 
D. Pérez-Staples, F. Díaz-Fleischer, P. Montoya and M.T. 
Vera (Eds.). Area-wide Management of Fruit Fly Pests. 
CRC Press, Boca Raton, FL, USA pp. 369-384. 

BAYEGA, A., H. DJAMBAZIAN, K.T. TSOUMANI, M.E. 
GREGORIOU, K. BOURTZIS et al. (2020). De novo as-
sembly of the olive fruit fly (Bactrocera oleae) genome with 
linked-reads and long-read technologies minimizes gaps and 
provides exceptional Y chromosome assembly. BMC Ge-
nomics 21(1):259. 

  



Insect Pest Control Newsletter, No. 99, July 2022 

 

45 

BOURTZIS, K., C. CÁCERES and M.F. SCHETELIG 
(2020). Joint FAO/IAEA Coordinated research project on 
“Comparing rearing efficiency and competitiveness of ster-
ile male strains produced by genetic, transgenic or symbiont-
based technologies”. BMC Genetics 21(Suppl. 2):148. 

BOUYER, J. (2020). Glossina palpalis gambiensis (Tsetse 
Fly). Trends in Parasitology 36:864-865. 

BOUYER, J., H. YAMADA, R. PEREIRA, K. BOURTZIS, 
M.J.B. VREYSEN (2020). Phased conditional approach for 
mosquito management using sterile insect technique. Trends 
in Parasitology 36:325-336. 

BOUYER, J., M.J.B. VREYSEN (2020). Yes, irradiated 
sterile male mosquitoes can be sexually competitive! Trends 
in Parasitology 36:877-880. 

BOUYER, J., N.J. CULBERT, R. ARGILES HERRERO, 
H. YAMADA, M. J. B. VREYSEN et al. (2020). Field per-
formance of sterile male mosquitoes released from an un-
crewed aerial vehicle, Science Robotics 43(5):eaba6251. 

BUSTOS-GRIFFIN, E., G.J. HALLMAN, A. BAKRI AND 
W. ENKERLIN (2020). International database on commod-
ity tolerance (IDCT). In: D. Pérez-Staples, F. Díaz-
Fleischer, P. Montoya and M.T. Vera (Eds.). Area-Wide 
Management of Fruit Fly Pests. CRC Press, Boca Raton, FL, 
USA pp. 161-168. 

CANCINO, J., A. AYALA, S. OVRUSKI, L. RIOS, J. 
HENDRICHS et al. (2020). Anastrepha ludens (Loew) 
(Diptera: Tephritidae) larvae irradiated at higher doses im-
prove the rearing of two species of native parasitoids. Jour-
nal of Applied Entomology 144:866-876. 

CARVALHO, D.O., J. TORRES-MONZON, P. 
KOSKINIOTI, G. PILLWAX, K. BOURTZIS et al. (2020). 
Aedes aegypti lines for combined sterile insect technique and 
incompatible insect technique applications: the importance 
of host genomic background. Entomologia Experimentalis 
et Applicata 168:560-572. 

CHEN, S., D. ZHANG, A.A. AUGUSTINOS, V. 
DOUDOUMIS, K. BOURTZIS et al. (2020). Multiple fac-
tors determine the structure of bacterial communities associ-
ated with Aedes albopictus under artificial rearing condi-
tions. Frontiers in Microbiology 11:605. 

CULBERT, N.J., H. MAIGA, W. MAMAI, H. YAMADA, 
J. BOUYER et al. (2020). A rapid quality control test to fos-
ter the development of the sterile insect technique against 
Anopheles arabiensis. Malaria Journal 19:44. 

CULBERT, N.J., M. KAISER, N. VENTER, M.J.B. 
VREYSEN, J. BOUYER et al. (2020). A standardised 
method of marking male mosquitoes with fluorescent dust. 
Parasites & Vectors 13:192. 

DE BEER, C.J., MOYABA, S.N.B. BOIKANYO, D. 
MAJATLADI, M.J.B. VREYSEN et al. (2020). Gamma ir-
radiation and male Glossina austeni mating performance. In-
sects 11:522. 

DE COCK, M., M. VIRGILIO, P. VANDAMME, K. 
BOURTZIS, M. DE MEYER et al. (2020). Comparative mi-
crobiomics of tephritid frugivorous pests (Diptera: Tephri-
tidae) from the field: a tale of high variability across and 
within species. Frontiers in Microbiology 11:1890. 

DIAS, V.S., G.J. HALLMAN, A.A.S. CARDOSO, C.E. 
CÁCERES-BARRIOS, M.J.B VREYSEN et al. (2020). Rel-
ative tolerance of three morphotypes of the Anastrepha fra-
terculus Complex (Diptera: Tephritidae) to cold phytosani-
tary treatment. Journal of Economic Entomology 
113(3):1176-1182. 

DIAS, V.S., G.J. HALLMAN, O.Y. MARTÍNEZ-
BARRERA, N.V. HURTADO, A.A.S. CARDOSO, A.G. 
PARKER, L.A. CARAVANTES, C. RIVERA, A.S. 
ARAÚJO, F. MAXWELL, C.E. CÁCERES-BARRIOS, 
M.J.B VREYSEN, S.W. MYERS (2020). Modified atmos-
phere does not reduce the efficacy of phytosanitary irradia-
tion doses recommended for tephritid fruit flies. Insects 
11:371. 

GUISSOU, E., S. PODA, H. MAIGA, J. GILLES, J. 
BOUYER et al. (2020). Effect of irradiation on the survival 
and susceptibility of female Anopheles arabiensis to natural 
isolates of Plasmodium falciparum. Parasites Vectors 
13:266. 

HARAMBOURE, M., P. LABBE, T. BALDET, D. 
DAMIENS, J. BOUYER et al. (2020). Modelling the control 
of Aedes albopictus mosquitoes based on sterile males re-
lease techniques in a tropical environment. Ecological Mod-
elling 424:109002. 

HIEN, N.T.T., V.T.T. TRANG, V.V. THANH, H.K. LIEN, 
R. PEREIRA et al. (2020). Fruit fly area-wide integrated 
pest management in dragon fruit in Binh Thuan Province, 
Viet Nam. In: D. Pérez-Staples, F. Díaz-Fleischer, P. Mon-
toya and M.T. Vera (Eds.). Area-wide Management of Fruit 
Fly Pests. CRC Press, Boca Raton, FL, USA p. 343-348. 

KOSKINIOTI, P., E. RAS, A.A. AUGUSTINOS, C. 
CACERES, K. BOURTZIS et al. (2020). Manipulation of 
insect gut microbiota towards theimprovement of Bac-
trocera oleae articial rearing. Entomologia Experimentalis 
et Applicata 168:523-540. 

KOSKINIOTI, P., E. RAS, A.A. AUGUSTINOS, C. 
CÁCERES, K. BOURTZIS et al. (2020). The impact of fruit 
fly gut bacteria on the rearing of the parasitic wasp, Dia-
chasmimorpha longicaudata. Entomologia Experimentalis 
et Applicata 168:541-559. 

LAROCHE, L., S. RAVEL, T. BALDET, A.G. PARKER, 
J. BOUYER et al. (2020). Boosting the sterile insect tech-
nique with pyriproxyfen increases tsetse flies Glossina pal-
palis gambiensis sterilization in controlled conditions. 
Scientific Reports 10:9947. 

LEUNG, K., E. RAS, B. KIM, K. BOURTZIS, P. 
KOSKINIOTI et al. (2020). Next generation biological con-
trol: the need for integrating genetics and genomics. Biolo-
gical Reviews 95:1838-1854. 



Insect Pest Control Newsletter, No. 99, July 2022 

 

46 

LIEDO, P., W. ENKERLIN and J. HENDRICHS (2020). La 
técnica del insecto estéril: In: Montoya, P., Toledo, J. and 
Hernandez, E., (Eds.), Moscas das Frutas: Fundamentos y 
Procedimientos para su Manejo, Sy G editors, Ciudad de 
Mexico, Mexico. Pp 357-374. 

LIN, J., H. YAMADA, N. LU, G. AO, W. YUAN et al. 
(2020). Quantification and Impact of Cold Storage and Heat 
Exposure on Mass Rearing Program of Bactrocera dorsalis 
(Diptera:Tephritidae) Genetic Sexing Strain. Insects 11:821. 

MAIGA, H., J.R.L. GILLES, R.S. LEES, H. YAMADA. 
and J. BOUYER (2020). Demonstration of resistance to 
satyrization behavior in Aedes aegypti from La Réunion is-
land. Parasite 27:22. 

MAIGA, H., W. MAMAI, N.S. BIMBILE SOMDA, T. 
WALLNER, R. ARGILES-HERRERO, H. YAMADA, J. 
BOUYER et al. (2020). Assessment of a novel adult mass-
rearing cage for Aedes albopictus (Skuse) and Anopheles 
arabiensis (Patton). Insects 11:801. 

MANGAN, R.L. and W. ENKERLIN (2020). El enfoque de 
sistemas em programas de seguridad cuarentenaria: In: 
Montoya, P., Toledo, J. and Hernandez, E., (Eds.), Moscas 
das Frutas: Fundamentos y Procedimientos para su Manejo, 
Sy G editors, Ciudad de Mexico, Mexico. Pp 333-340. 

MAMAI, W., H. MAIGA, N.S. BIMBILE SOMDA, H. 
YAMADA, J. BOUYER et al. (2020). Aedes aegypti larval 
development and pupal production in the FAO/IAEA mass-
rearing rack and factors influencing sex sorting efficiency. 
Parasite 27:43. 

MEZA, J.S., K. BOURTZIS, A. ZACHAROPOULOU, A. 
GARIOU-PAPALEXIOU and C. CÁCERES (2020). Devel-
opment and characterization of a pupal-colour based genetic 
sexing strain of Anastrepha fraterculus sp. 1 (Diptera: Teph-
ritidae). BMC Genetics 21(Suppl. 2):134. 

MIRIERI, C.K., A.G. PARKER, M.J.B. VREYSEN, J. 
BOUYER, A.M.M. ABD-ALLA et al. (2020). A new auto-
mated chilled adult release system for the aerial distribution 
of sterile male tsetse flies. PLoS ONE 15:e0232306. 

MULANDANE, F.C., L.P. SNYMAN, D.R.A. BRITO, J. 
BOUYER, J. FAFETINE et al. (2020). Evaluation of the rel-
ative roles of the Tabanidae and Glossinidae in the transmis-
sion of trypanosomosis in drug resistance hotspots in 
Mozambique. Parasites & Vectors 13:219. 

NIGNAN, C., A. NIANG, H. MAIGA, S.P. SAWADOGO, 
B.S. PODA et al. (2020). Comparison of swarming, mating 
performance and longevity of males Anopheles coluzzii be-
tween individuals fed with different natural fruit juices in la-
boratory and semi-field conditions. Malaria Journal 19:173. 

NIKOLOULI, K., F. SASSU, L. MOUTON, C. STAUFFER 
and K. BOURTZIS (2020). Combining sterile and incom-
patible insect techniques for the population suppression of 
Drosophila suzukii. Journal of Pest Science 93:647-661. 

NIKOLOULI, K., A.A. AUGUSTINOS, P. 
STATHOPOULOU, E. ASIMAKIS, K. BOURTZIS et al. 
(2020). Genetic structure and symbiotic profile of world-
wide natural populations of the Mediterranean fruit fly, Cer-
atitis capitata. BMC Genetics 21(Suppl. 2):128. 

PERRIN, A., A. GOSSELIN-GRENET, M. ROSSIGNOL, 
C. GINIBRE1, J. BOUYER et al. (2020). Variation in the 
susceptibility of urban Aedes mosquitoes infected with a 
densovirus. Scientific Reports 10:18654. 

PORRAS, M.F., J.S. MEZA, E.G. RAJOTTE, K. 
BOURTZIS and C. CÁCERES-BARRIOS (2020). Improv-
ing the phenotypic properties of the Ceratitis capitata (Dip-
tera: Tephritidae) temperature sensitive lethal genetic strain 
in support of sterile insect technique applications. Journal of 
Economic Entomology 113(6):2688-2694. 

SALCEDO BACA, D., G. TERRAZAS GONZÁLES, J.R. 
LOMELI FLORES, E. RODRÍGUEZ LEYVA and W. 
ENKERLIN (2020). Evaluación de la Campaña Nacional 
Contra Moscas de la Fruta (CNMF) Anastrepha spp., en seis 
estados de la República Mexicana (1994-2008). In: Mon-
toya, P., Toledo, J. and Hernandez, E., (Eds.), Moscas das 
Frutas: Fundamentos y Procedimientos para su Manejo, Sy 
G editors, Ciudad de Mexico, Mexico. Pp 37-58. 

SALGUEIRO, J., L.E. PIMPER, D.F. SEGURA, F.H. 
MILLA, K. BOURTZIS et al. (2020). Gut bacteriome anal-
ysis of Anastrepha fraterculus sp. 1 during the early steps of 
laboratory colonization. Frontiers in Microbiology 
11:570960. 

TANG, Z., H. YAMADA, M.J.B. VREYSEN, J. BOUYER, 
A.M.M. ABD‑ALLA et al. (2020). High sensitivity of 
one‑step real‑time reverse transcription quantitative PCR to 
detect low virus titers in large mosquito pools. Parasites 
Vectors 13:460.  

YAMADA, H., H. MAIGA, N.S. BIMBILE SOMDA, J. 
BOUYER et al. (2020). The role of oxygen depletion and 
subsequent radioprotective effects during irradiation of mos-
quito pupae in water. Parasites & Vectors 13:198. 

ZHANG, D., Z. XI, Y. LI, X. WANG, H. YAMADA et al. 
(2020). Toward implementation of combined incompatible 
and sterile insect techniques for mosquito control: optimized 
chilling conditions for handling Aedes albopictus male 
adults prior to release. PLoS Neglected Tropical Diseases 
14(9):e0008561. 

  



Insect Pest Control Newsletter, No. 99, July 2022 

 

47 

 

Other Publications
2022 
FAO/IAEA/USDA (2022). Manual de Control de Cali-
dad del Producto en la Cría masiva y Liberación de Mos-
cas de la Fruta Estériles. Traducción de la Versión 7.0 de 
2019. Agencia Internacional de Energía Atómica, Viena, 
Austria, 149 pp. https://www.iaea.org/sites/de-
fault/files/qcv7-en-espanol.pdf. 

FAO/IAEA (2022). Dosimetry for SIT: Standard Operat-
ing Procedures for Gafchromic™ Film Dosimetry Sys-
tem for Gamma Radiation v. 1.0, Andrew Parker, Kishor 
Mehta and Yeudiel GómezSimuta (eds.), Food and Agri-
culture Organization of the United Nations/International 
Atomic Energy Agency. Vienna, Austria. 40 pp. 
https://www.iaea.org/sites/default/files/gamma-sop-en-
excel-embedded.pdf. 

FAO/IAEA (2022). Dosimetría para la TIE: Procedi-
miento Operativo Estandar para el sistema de dosiemetría 
de películas Gafchromic™ para Radiación Gamma v. 
1.0, Andrew Parker, Kishor Mehta y Yeudiel Gómez-Si-
muta (eds.), Organización de las Naciones Unidas para la 
Agricultura y Alimentación/Organismo Internacional de 
Energía Atómica. Viena, Austria. 46 pp. 
https://www.iaea.org/sites/default/files/22/03/gamma-
sop-es-excel-embedded.pdf. 

FAO/IAEA (2022). Dosimetry for SIT: Standard Operat-
ing Procedures for Gafchromic™ Film Dosimetry Sys-
tem for Low Energy X Radiation v. 1.0, Andrew Parker, 
Kishor Mehta and Yeudiel Gómez-Simuta (eds.), Food 
and Agriculture Organization of the United Nations/In-
ternational Atomic Energy Agency. Vienna, Austria. 42 
pp. https://www.iaea.org/sites/default/files/x-ray-sop-en-
excelembedded.pdf. 

FAO/IAEA (2022). Dosimetría para la TIE: Procedi-
miento Operativo Estándar para el sistema de dosimetría 
de película Gafchromic™ para Radiación X de Baja En-
ergía v. 1.0, Andrew Parker, Kishor Mehta and Yeudiel 
Gómez-Simuta (eds.), Organización de las Naciones Uni-
das para la Agricultura y la Alimentación /Organismo In-
ternacional de Energía Atómica. Viena, Austria. 51 pp. 
https://www.iaea.org/sites/default/files/22/03/x-ray-sop-
es-excel-embedded.pdf. 

2021 
FAO/IAEA (2021). E-learning course on Fruit Sampling 
for Area-Wide Fruit Fly Programmes 
https://elearning.iaea.org/m2/enrol/index.php?id=1168. 

FAO/IAEA (2021). E-learning course on Action Plan 
Against Quarantine Fruit Fly Species of the Genus Ba-
trocera spp. (in Spanish) 
https://elearning.iaea.org/m2/course/view.php?id=914.  

FAO/IAEA (2021). Guidelines for Biosafety and Biose-
curity in Mosquito Rearing Facilities, Food and Agricul-
ture Organization of the United Nations/International 
Atomic Energy Agency. Vienna, Austria. 7 pp. 
https://www.iaea.org/sites/default/files/guide-
lines_for_mosquito_facilities.pdf. 

FAO/IAEA (2021). Sterile Insect Technique: Principles 
and Practice in Area-Wide Integrated Pest Management, 
2nd ed., Dyck V.A., Hendrichs J. and Robinson A.S., 
(Eds.), CRC Press, Boca Raton, FL, USA. 1216pp. 
https://doi.org/10.1201/9781003035572.  

FAO/IAEA (2021). Area-Wide Integrated Pest Manage-
ment: Development and Field Application, Hendrichs J., 
Pereira R. and Vreysen M.J.B., (Eds.), CRC Press, Boca 
Raton, FL, USA. 1028pp. 
https://doi.org/10.1201/9781003169239. 

FAO/IAEA (2021). Animated infographic on Fruit Fly 
Standards can Help Gain Market Access. 
https://www.iaea.org/newscenter/multimedia/vid-
eos/fruit-fly-standards-can-help-gain-market-access. 

Insects (2021). Special Issue on Sterile Insect Technique 
(SIT) and Its Applications. K. Bourtzis and M.J.B. Vrey-
sen (eds.). https://www.mdpi.com/si/28202. 

2020  
BMC GENETICS (2020). Volume 21 (Suppl. 2) Pro-
ceedings of an FAO/IAEA Coordinated Research Project 
on Comparing Rearing Efficiency and Competitiveness 
of Sterile Male Strains Produced by Genetic, Transgenic 
or Symbiont-based Technologies. K, Bouttzis, C. Cáce-
res and M.F. Schetelig. (eds.).  
https://bmcgenet.biomedcentral.com/articles/supple-
ments/volume-21-supplement-2. 

FAO/IAEA (2020). Guidelines for Irradiation of Mos-
quito Pupae in Sterile Insect Technique Programmes, 
Hanano Yamada, Andrew Parker, Hamidou Maiga, Ra-
fael Argiles and Jérémy Bouyer (eds.), Vienna, Austria. 
42 pp. 
http://www-naweb.iaea.org/nafa/ipc/public/2020-Guide-
lines-for-Irradiation.pdf.  



Insect Pest Control Newsletter, No. 99, July 2022 

 

48 

FAO/IAEA (2020). Dose Mapping by Scanning Gaf-
chromic Film to Measure the Absorbed Dose of Insects 
During Their Sterilization, Parker, A.; Gomez-Simuta, Y.; 
Yamada, H. (eds.), Food and Agriculture Organization of 
the United Nations/International Atomic Energy Agency. 
Vienna, Austria. 17 pp. 
https://www.iaea.org/sites/default/files/dose-mapping-
gafchromic-2020-11-02.pdf. 

FAO/IAEA (2020). Mapeo de dosis por escaneo de 
películas Gafchromic® para medir la dosis de radiación 
absorbida por insectos durante su esterilización, Parker, 
A.; Goméz-Simuta, Y.; Yamada, H. (eds.), Sección Con-
trol de Plagas de Insectos, FAO/OIEA Programa de Téc-
nicas Nucleares en Alimentación y Agricultura. 16 pp. 
https://www.iaea.org/sites/default/files/20/11/dose-map-
ping-gafchromic-2020-11-02-spanish.pdf. 

IAEA/OIRSA (2020). Guía armonizada de taxonomía e 
identificación de tefritidos que pudieran ser considerados 
de importancia económica y cuarentenaria en América 
Latina y el Caribe. Guillen Aguilar. Vienna, Austria. 209 
pp. 
https://www.iaea.org/sites/default/files/guia210220.pdf. 

FAO/IAEA (2020). E-learning Course on Fruit Fly Trap-
ping in Support of Sterile Insect Technique Implementa-
tion.  
https://elearning.iaea.org/m2/enrol/index.php?id=694. 

WHO/IAEA (2020). Guidance Framework for Testing 
the Sterile Insect Technique as a Vector Control Tool 
Against Aedes-borne Diseases. Geneva: World Health 
Organization and the International Atomic Energy 
Agency; Licence: CC BY-NC SA 3.0 IGO. 
https://www.iaea.org/sites/default/files/aedes-who-iaea-
2020.pdf. 

FAO/IAEA (2020). Guidelines for Mark-Release-Recap-
ture procedures of Aedes mosquitoes. Jérémy Bouyer, 
Fabrizio Balestrino, Nicole Culbert, Hanano Yamada, 
Rafael Argilés (eds.). Vienna, Austria. 22 pp. 
https://www.iaea.org/sites/default/files/guidelines-for-
mrr-aedes_v1.0.pdf. 

FAO/IAEA (2020). E-learning course on Packing, Ship-
ping, Holding and Release of Sterile Flies in Area-wide 
Fruit Fly Control Programmes (Spanish). 
https://elearning.iaea.org/m2/enrol/index.php?id=745. 

FAO/IAEA (2020). Guidelines for Mass-Rearing of Ae-
des Mosquitoes. Hamidou Maiga, Wadaka Mamai, Ha-
nano Yamada, Rafael Argilés Herrero and Jeremy Bou-
yer (eds.). Vienna, Austria. 24 pp. 
http://www-naweb.iaea.org/nafa/ipc/public/Guidelines-
for-mass-rearingofAedes-osquitoes_v1.0.pdf. 
 
 
 

 
 

 

 

 

 

 

For further queries, please contact Svetlana Piedra Cordero (S.Piedra-Cordero@iaea.org), Elena Zdravevska (E.Zdravevska@iaea.org), or the Insect 
Pest Control Subprogramme, Joint FAO/IAEA Programme of Nuclear Techniques in Food and Agriculture, IAEA (http://www-
naweb.iaea.org/nafa/ipc/index.html). 

Impressum 
Insect Pest Control Newsletter No. 99  

 
The Insect Pest Control Newsletter is prepared twice per year by the Insect Pest Control Sec-

tion, Joint FAO/IAEA Centre of Nuclear Techniques in Food and Agriculture and  
FAO/IAEA Agriculture and Biotechnology Laboratories, Seibersdorf 

 
International Atomic Energy Agency 

Vienna International Centre, PO Box 100, 1400 Vienna, Austria 
Printed by the IAEA in Austria, July 2022 

 
 22-02720 

Disclaimer 

This newsletter has not been edited by the ed-
itorial staff of the IAEA. The views expressed 
remain the responsibility of the contributors 
and do not necessarily represent the views of 
the IAEA or its Member States. The use of 
particular designations of countries or territo-
ries does not imply any judgement by the pub-
lisher, the IAEA, as to the legal status of such 
countries or territories, of their authorities and 
institutions or of the delimitation of their 
boundaries. 

 

 


