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Subject: Proposal for a Co-ordinated Research Project  

 
 

1. Title of the CRP:  Resolution of Cryptic Species Complexes of Tephritid Pests to Overcome 

Constraints to SIT Application and International Trade 

 

2. Duration of CRP: 2010 - 2015 

 

3. Background Situation Analysis (Rationale/Problem Definition) 

 

Tephritids are among the worst agricultural plant pests in agriculture and are of major economic 

importance in nearly all tropical, subtropical and temperate countries worldwide. These pest species 

cause enormous devastation to both food production and international trade, are key insect pests of 

horticultural crops and major targets of insecticide applications. They are among primary causes of 

poverty, malnutrition and poor production and trade in fresh horticultural commodities in large areas 

of tropical developing countries (Waterhouse 1993; Allwood and Leblanc 1996; Lomborg 2004), 

where climatic conditions are favourable for labour-intensive fruit and vegetable-based agroindustries.  

 

The study of the biology and management of tephritids therefore requires significant international 

attention to overcome these hurdles and to assist Member States in developing and validating 

environment-friendly suppression systems to support viable fresh fruit and vegetable production and 

export industries. Such international attention has resulted in the successful development and 

validation of a Sterile Insect Technique (SIT) package for Mediterranean fruit fly. Demands for R&D 

support in that respect are diminishing due to successful integration into control programmes. There is 

now an urgent need to focus on the increasing demands from Member States in Africa, Asia and Latin 

America, to address the issue of major tephritid species complexes of economic importance. These are 

groups of species where the morphology is very similar or identical but biologically they are distinct 

species. Some major pest fruit fly species occur within complexes, and the uncertainty related to their 

questionable technical status results in major constraints to SIT application and international trade. 

 

Problem to be addressed:  

 

Considerable concern has been expressed by many Member States that some major pest species 

complexes include taxonomically described species that are actually only geographical variants of the 

same species. Conversely, some insect populations grouped taxonomically within the same pest 

 
 

 

 
 

 



 

 
 

 
 

 
 

species display different biological and genetic traits and show reproductive isolation which suggest 

that they are different species. This uncertain taxonomic status is having important practical 

implications on the effective development and use of the SIT against such complexes with respect to 

the rearing of the correct species and significantly affects international movement of fruit and 

vegetables resulting in the establishment of trade barriers to important agricultural commodities which 

are hosts to pest tephritid species. Moreover, this problematic situation occurs in four of the most 

important pest genera within the Tephritidae family: Anastrepha, Bactrocera, Ceratitis and 

Rhagoletis. 

 

Regional insect rearing facilities that would produce sterile males for use in different countries or 

regions are desirable as this would make the SIT component of these programmes more cost-effective. 

It is of prime importance therefore to the success of these regional area-wide integrated pest 

management (AW-IPM) programmes that have an SIT component that the mass-reared flies from such 

species complexes as Anastrepha and Bactrocera, etc. are behaviourally compatible with the target 

native fruit fly pest populations in the various recipient regions. If species complexes remain 

unresolved then these desirable outcomes will be difficult or impossible to achieve. The resolution of 

some of the major cryptic species (i.e. insects whose specific status is questionable) complexes is 

therefore critical both for SIT application and to assist subtropical and tropical Member States to 

overcome non-tariff trade barriers in order to export their fresh fruit and vegetable commodities to 

international high value markets. 

 

A ranking of the major pest complexes with respect to the economic damage and regional impacts 

indicates that a number of species complexes are of concern to Member States (Table1). A 

Consultants’ Meeting (see Section 8) discussed the complexes noted above and related technical issues 

and prioritised them as to economic importance and potential for SIT application. Three complexes 

and a suspected complex were identified to be of significant importance that needed to be resolved to 

facilitate world agricultural trade and SIT programmes. They are: 

 

 Anastrepha fraterculus 

 Bactrocera dorsalis  

 Bactrocera cucurbitae  

 Ceratitis rosa  

 

Detailed information on present knowledge and technical gaps on these and other species complexes 

analysed are presented in Appendices 1, 2, 3, 4 and 5. 

 

 

3.1 Anastrepha fraterculus complex 

 

The South American fruit fly, Anastrepha fraterculus (Wiedemann) is present in most countries of the 

Americas from the USA to Argentina (Salles 1995, Steck 1999). On the South American continent, 

this species is found in two broad, possibly unconnected bands: one along the western edge, including 

both highland and lowland areas of the Andean range, and the other along the east coast. Its centre of 

diversity is South America and it has been reported to infest about 80 host plants including major fruit 

crops (Norrbom and Kim 1988, Norrbom 2004). This highly destructive pest imposes quarantine 

restrictions for fruit export to many countries (Steck 1999).  

 

The high levels of variability found among different populations throughout the geographical range of 

A. fraterculus has led to the conclusion that it probably is a complex of cryptic species rather than a 

single biological entity (Stone 1942, Morgante et al. 1980, Solferini and Morgante 1987, Malavasi and 

Morgante 1982, Steck 1991, Steck and Sheppard 1993, Selivon 1996, Hernandez et al. 2004). 

Differences have been reported based mainly on morphology, pest status and genetics (including 

karyotype, isozyme and molecular analyses); these are reviewed in Steck (1999) and some aspects 

discussed in subsequent studies (McPheron et al. 1999, Norrbom et al. 1999, Gomes Silva 2000, 



 

 

 
 

 
 
 

 
 

Smith-Caldas et al. 2001, Hernández-Ortiz et al. 2004, Selivon et al. 2005, Goday et al. 2006, Cáceres 

et al. 2009). However, in order to establish the existence of different species, it is necessary to 

systematically correlate these genetic and morphological differences with the existence of 

reproductive isolation. 

 

Reproductive incompatibility has been reported both at pre- and post-mating (Selivon 1996, Vera et al. 

2006, Cáceres et al. 2009). At the pre-zygotic level, mating compatibility was evaluated among six 

different populations from Mexico, South America, involving lowland (Peru) and highland 

(Colombia) areas from the Andean region, and the south-eastern part of the continent (Brazil and 

Argentina). Most of the populations were shown to be non-compatible with each other and thus 

sexually isolated. Flies were sexually active at different times of the day suggesting different sexual 

behaviour. Post-zygotic studies between two populations from Brazil (Selivon et al. 1999) and 

between one Argentine population and one Peruvian population (Cáceres et al. 2009) found hybrid 

inviability and sex ratio distortion confirming the existence of post-zygotic barriers. In the former 

case, cytological, isozyme and molecular studies revealed differences among groups (Selivon 1996, 

Malavasi and Morgante 1982, Selivon et al. 2005, Goday et al. 2006); while for the latter case, the 

same was shown with pheromone and cytological studies (Cáceres et al. 2009).  



 

 
 

 
 

 
 

Table 1. Tephritid fruit fly species and species complexes, their regional and international 

importance and potential for SIT application  

 

 International 

economic 

importance 

(High, Med. 

or Low) 

SIT is 

potential 

component 

for control 

(Yes / No) 

 

Regions affected 

 

Potential collaborating 

laboratories 

Anastrepha 

fraterculus 

(probably six spp.) 

H Y North, Central and 

South America  

Worldwide trade. 

North, Central and 

South America, Europe 

Bactrocera 

dorsalis species 

complex (includes 

ca. eight pest 

species) 

H Y Major in Asia, 

Africa, South 

Pacific, South 

America. 

Worldwide trade. 

Asia 

Australia, NZ* 

Africa 

America 

S Pacific (PNG*) 

Europe 

Bactrocera 

cucurbitae 

H Y Major in Asia, 

Africa, Hawaii and 

Pacific Indian 

Ocean. 

Worldwide trade. 

Asia 

NZ (diagnostics) 

Indian Ocean 

Hawaii 

Europe 

Bactrocera tryoni 

species complex 

L Y Australia, Pacific 

Is. Worldwide 

trade. 

Australia 

New Caledonia 

NZ (diagnostics) 

Bactrocera tau 

species complex 

(13 to 15 spp) B. 

tau only pest sp. 

L N Asia Thailand 

Australia (taxonomy, 

hosts) 

Bactrocera musae 

complex. 

L N Pacific S Pacific (PNG) 

Australia 

Bactrocera 

bryoniae complex 

L N Pacific (PNG) S Pacific (PNG) 

Australia 

Bactrocera 

frauenfeldi 

complex (3 pest 

spp in complex) 

L Y Pacific, Asia Australia 

Asia (Malaysia) 

Bactrocera 

nigrotibialis 

complex 

L N Asia Australia (taxonomy, 

hosts, distribution) 

Bactrocera 

scutellaris 

complex (cucurbit 

flowers) 

L N Asia Australia (taxonomy, 

hosts, distribution) 

Ceratitis rosa 

species (FAR) 

complex 

M Y Africa and Indian 

Ocean 

Africa (icipe) 

South Africa 

Indian Ocean 

Europe 

Rhagoletis 

pomonella species 

complex 

L N (diapause 

management 

required) 

Europe, North 

America. 

Regional trade 

Europe 

North America 

 

*NZ = New Zealand; PN = Papua New Guinea 



 

 

 
 

 
 
 

 
 

The combined results of these studies appear to suggest the existence of at least six different species 

which in this document are referred to as: A. sp. 1 aff. fraterculus (Yamada and Selivon 2001), A. sp. 2 

aff. fraterculus (Yamada and Selivon 2001), A. sp. 3 aff. fraterculus (Selivon et al. 2004), A. sp. 4 aff. 

fraterculus (Selivon et al. 2004), A. fraterculus Mexican morphotype (Hernandez-Ortiz et al. 2004) 

and A. fraterculus from Andean highlands (Steck 1991). Present knowledge on the possible 

distribution for each putative species is summarized in Fig. 1. 

 

Despite previous studies, which have provided strong evidence supporting the existence of several 

species, there are still major knowledge gaps and the described studies have used different 

methodologies. In order to be able to formally describe and name these putative species, it is necessary 

to apply a complete set of methodologies to all of them in a comprehensive study involving 

populations from the entire geographic distribution range. This will allow the characterization of each 

putative species and provide sound diagnostic tools for addressing the related management and trade 

issues.  

 

Definition of species limits and formal naming of these putative species will be critical for importing 

authorities in determining which of them may or may not be quarantine pests. This will immediately 

allow some countries to gain access to international fresh fruit markets for those countries and 

commodities which can be determined to be outside the geographic and host range of correctly 

delimited A fraterculus s. s. 

 

Fig. 1. Distribution of putative A. fraterculus spp.  

 

 
 

 

 

 



 

 
 

 
 

 
 

3.2 Bactrocera dorsalis species complex 

 

Across Asia the fruit fly subfamily Dacinae contains some 48 recognised pest species (Drew, 1989). 

Of these 48 pest species, eight are currently recognized within the Bactrocera dorsalis complex with 

some being the worst of all pest species within the subfamily (Drew and Hancock, 1994). Known 

collectively as the Oriental fruit fly, they are also categorized as the fourth worst of all global insect 

pests. While it is difficult to put a precise value on the economic losses, these have been estimated by 

the Griffith in Australia to be approximately US$1 billion per annum for the Asian region. These 

losses include destruction of crops, prevention of international trade, and the establishment of a range 

of quarantine and regulatory activities carried out by various regional governments. 

 

Despite background research carried out on this particular group of species over the last two decades, 

particularly in Malaysia, Thailand, Vietnam, and Indonesia (Tan and Nishida, 1996, 1998; Muraji and 

Nakahara, 2002; Naeole and Haymer, 2003; Smith et al., 2003; Tan, 2003a; Zimowska and Handler, 

2005) there is no consensus on species limits of the major Bactrocera pests. This background research 

has generated data on diagnostics, field surveillance including quarantine strategies, field pest control, 

and some export trade. However this background knowledge has also identified key gaps in resolving 

the B. dorsalis complex. Failure to resolve this complex prevents any further development towards 

SIT implementation as a part of AW-IPM programmes against these pest insects. 

 

The Asian region has been a primary source of invasions of species of the B. dorsalis complex into 

many other regions of the world, including Africa, Middle East, northern and southern Pacific Islands 

(including Papua New Guinea and Australia), Indian Ocean, and South America. Currently some of 

these introduced species are causing devastation in Africa, PNG, and eastern Pacific Islands. 

Background research into the taxonomy of the B. dorsalis complex has been unable to provide 

definitive identification of some species (Clarke et al., 2005). This confounds the collection of 

associated host plant records and geographic distributions. It is absolutely essential that the species be 

accurately identified in order to be able to apply AW-IPM field programmes that include an SIT 

component. 

 

Because trade implications and response systems to detections and/or incursions are not the same for 

all species in the complex, "near-enough" identification is not, unfortunately, good-enough. 

Consequently Member States have difficulty overcoming the phytosanitary barriers to export trade that 

satisfy major importers such as Japan, USA, Australia, and New Zealand. Not least is the severe 

problem arising if one member of the complex is detected or becomes established in a Member State 

but is unable to be differentiated from others in the complex, that State would then be forced to 

indicate that any and all members of the complex may in fact be present, which would result in trade 

embargoes. 

 

In this CRP, a comprehensive biological, morphological, chemo-ecological and molecular study on the 

pest species of the B. dorsalis complex will be undertaken so as to:  

 

(i) Resolve species limits by seeking a consensus result from different tests including: 

(a) Identifying the levels of inter- and intra-specific molecular variation between and within the 

species,  

(b) Carrying out morphological and morphometric analysis,  

(c) Carrying out biological tests including cross-mating and host use studies, 

(d) Pheromone analyses and possibly synthesis of new individual components for a confirmed 

response to specific attractants, 

(ii) Ensure congruency between molecular and morphologically defined taxa within the complex, and 

(iii) Develop robust molecular diagnostics for the species. 



 

 

 
 

 
 
 

 
 

3.3 Bactrocera cucurbitae 

 

Bactrocera cucurbitae is a major pest of cucurbit crops and has spread from its area of origin (South 

East Asia) across Africa, Hawaii, the Indian Ocean, Papua New Guinea and the Solomon Islands 

(Severin et al., 1914; Dhillon et al., 2005). In particular, it causes severe losses in food crops in poor 

village communities and restrictions to trade in some cucurbit crops.  

 

Some populations have been identified in Africa, Indian Ocean and South East Asia that indicate that 

very closely related species may be present. This problem needs to be resolved before species-specific 

treatments such as the SIT can be effectively applied in all situations and regions. There are a number 

of single species that differ in host, morphology, etc. from region to region and B. cucurbitae may be 

one of these. Relatively simple mating tests could help determine their species status. 

 

3.4 Ceratitis rosa complex 

 

The Afro-tropical group of fruit flies, Ceratitis rosa, C. fasciventris and C. anonae, together with C. 

capitata, are considered to be among the major horticultural pests of that region (White & Elson-

Harris 1992; De Meyer 200la) and these species are of quarantine significance (EPPO/CABI 1997). 

They are highly polyphagous and damage a wide range of unrelated wild and cultivated crops (De 

Meyer et al. 2002a) resulting in enormous economic losses wherever they occur (Barnes 2000; Lux 

2000; De Meyer 2001b).  

 

Ceratitis rosa, C. fasciventris and C. anonae are considered the three members of a species complex 

(Virgilio et al. 2007a, 2007b). From the taxonomic point of view, C. fasciventris was considered to be 

a variety of C. rosa (Bezzi 1920). Only recently has it been recognized as a different entity with 

species status (De Meyer 2001a). Unlike C. capitata, which has spread from its home range in East 

Africa and attained an almost world-wide distribution over the last century (Fletcher 1989; White & 

Elson-Harris 1992), C. rosa, C. fasciventris and C. anonae have so far not been reported outside the 

African continent, but are potentially invasive. Due to the difficulty in distinguishing them 

morphologically, diagnostic species-specific PCR markers are under development using simple 

sequence repeat-based PCR approaches. However these remain inadequate for quarantine purposes 

and much more robust PCR-based markers are needed. 

 

4. Specific R&D Activities  

 

R&D activities will focus on defining the species limits within the target complexes (sections 3.1 to 

3.4), followed by developing robust species-specific diagnostic tools. Additional information gathered 

during this process will include geographical distribution and host range data (see Section 11 and 

Table 4 for the specific research objectives for each of the selected target complexes). 

 

The participation of expert taxonomists to identify the complete set of specimens within each target 

complex is crucial throughout the CRP. In addition, it is desirable to organise, in conjunction with the 

CRP, training workshops in taxonomy and molecular techniques for the benefit of those Member 

States currently without expertise in those topics.  

 

4.1 Common research activities 

 

The starting point will be to consolidate and synthesize existing data from international and regional 

publications and to establish protocols for field collecting, handling, preserving and vouchering 

specimens (live and dead material).  

 

Several general activities apply to all cryptic species complexes to be studied. Below we describe the 

general activities and note to which groups they specifically apply (Table 2.). 



 

 
 

 
 

 
 

4.1.1. Establishment of colonies 

 

Standard protocols to collect adults from the wild and establish colonies will be determined and made 

available to all CRP participants at the first RCM. For each particular species complex, there are 

priority populations/species from which colonies need to be established at specific times during the 

course of the CRP. These colonies will be maintained in semi-wild condition for short time periods, 

and used for cross-mating, pheromone, and cytological studies. Once these studies are completed, 

larvae and adults will be preserved for further studies of morphology, DNA and other techniques. In 

addition, colony material can be cryo-preserved to allow future re-establishment (Leopold 2005).  

 

Table 2. Summary of research activities for each species complex 

 

Research 

Activity 

Targeted Species Complex 

 

Anastrepha 

fraterculus 

Bactrocera 

dorsalis 

Bactrocera 

cucurbitae 

Ceratitis 

rosa 

Establishment of 

Colonies 

    

Mating 

Compatibility 

Tests 

    

Morphological 

descriptions 

    

Karyotype 

descriptions 

    

Genetic analysis     

Pheromone 

analysis 

    

Ecological and 

distributional 

data 

    

Taxonomic 

revision 

 *   

Diagnostic tools 

 

    

* Only if required 

 

4.1.2. Mating compatibility tests 

 

Mating compatibility between any two sympatric or allopatric putative species will be examined in 

screened field or greenhouse cages (ca. 3m x 3m x 3m) during the presumptive mating period for that 

putative species. The standard procedure detailed in the FAO/IAEA/USDA (2003) Quality Control 

Manual should be followed: http://www-naweb.iaea.org/nafa/ipc/public/ipc-mass-reared-

tephritid.html. If one or both populations do not mate adequately during the time period chosen, then 

other times of the day should be evaluated in additional tests. Sperm transfer, egg fertility and 

offspring/ hybrid viability should also be assessed. 

 

4.1.3. Morphological descriptions 

 

A great deal of morphological variation has been documented among populations throughout their 

ranges. Some of the populations or putative species have already been shown to be separable by 

morphometric analysis of adults. Some characteristics of the immature stages (e.g. egg chorion 

patterns in A. fraterculus) have also been shown to differ between putative species. These analyses 

need to be extended within each complex. 

http://www-naweb.iaea.org/nafa/ipc/public/ipc-mass-reared-tephritid.html
http://www-naweb.iaea.org/nafa/ipc/public/ipc-mass-reared-tephritid.html


 

 

 
 

 
 
 

 
 

4.1.4. Karyotype descriptions 

 

Mitotic chromosomes will be obtained from third-instar larval neuroblast spreads while polytene 

chromosomes will be derived from larval salivary glands preparations (Zacharopoulou 1987, Selivon 

and Perondini 1997).  

 

4.1.5. Genetic analysis 

 

Appropriate molecular markers will be developed using mitochondrial and nuclear DNA. Intra- and 

inter-population variation will be analysed in order to assess the degree of differentiation. This 

provides appropriate data for taxonomic population and species identification and the basis for 

developing diagnostic tools. 

 

4.1.6. Pheromone analysis 

 

Volatiles from males emitting sex pheromone will be collected at their time of courtship activity. 

Extracts from volatile emissions and rectal glands will be analyzed by gas chromatography (GC) and 

gas chromatography – mass spectrometry (GC-MS) techniques to determine pheromone components 

as well as component concentrations. 

 

4.1.7. Ecological and distributional data  

 

Host fruits will be collected along transects and infesting larvae reared to adult stages to determine the 

geographical distributions, host plant associations, abundance and phenology of the various putative 

species. In some targeted areas transects will traverse elevational or geographical gradients. 

 

4.1.8. Taxonomic revision 

 

Where evidence from the above activities suggests the need for taxonomic revision, this will be carried 

out by the inclusion of appropriate taxonomic experts for the respective complexes. 

 

4.1.9. Development of diagnostic tools 

 

Once the species boundaries have been confirmed or revised based on the above evidence, 

morphological and/or molecular diagnostic tools will be developed for routine species discrimination. 

 

4.2 Species complex-specific activities 

 

To avoid circular arguments between preconceived species status and test outcomes, wherever it is 

technically possible, populations will be identified with unique blind codes. 

 

4.2.1 Anastrepha fraterculus complex 

 

In the case of the A. fraterculus complex, the relevant populations for this project are:  

 

 sp. 1 aff fraterculus (Brazil and Argentina) 

 sp. 2 aff fraterculus (Brazil) 

 sp. 3 aff fraterculus (Brazil) 

 sp. 4 aff fraterculus (Ecuador and Peru) 

 fraterculus Mexican morphotype (Mexico, Central America, and northern S. America) 

 fraterculus from the Andean highlands (Venezuela and Colombia). 



 

 
 

 
 

 
 

4.2.2 Bactrocera dorsalis species complex 

 

In the case of the Bactrocera dorsalis complex, the relevant populations for this project are: 

 

 B. dorsalis s.s. (western and eastern extremes of geographical distribution and Northern 

Thailand) 

 B. papayae (Malaysia, Southern Thailand and Papua New Guinea) 

 B. philippinensis (Philippines) 

 B. invadens (East and West Africa and Sri Lanka) 

 B. carambolae (Malaysia, Indonesia and Suriname). 

 

4.2.3 Bactrocera cucurbitae 

 

In the case of the Bactrocera cucurbitae complex, the relevant populations are those from: 

 

 Indian Ocean 

 Africa 

 China 

 Hawaii 

 

If cross-mating tests show that there is significant mating incompatibility, suggesting the presence of a 

complex, then taxonomic revision and the development of diagnostic tools will be necessary, however, 

the latter activities would not be part of this project. 

 

4.2.4 Ceratitis rosa complex 

 

In the case of the Ceratitis rosa complex, the relevant species are: 

 

 C. rosa (Angola, Ethiopia, Kenya, Malawi, Mali, Mauritius, Mozambique, Nigeria, Réunion, 

Rwanda, South Africa, Swaziland, Tanzania, Uganda, Zaire, Zambia, Zimbabwe) 

 C. fasciventris (Angola, Benin, Congo, DR Congo, Cote D’Ivoire, Ethiopia, Ghana, Guinea, 

Kenya, Mali, Namibia, Nigeria, Réunion, Rwanda, Sao Tome and Principe, Sierra Leone, 

Tanzania, Uganda, Zambia)  

 C. anonae (Benin, Cameroon, Central African Republic, Congo, DR Congo, Cote D’Ivoire, 

Equatorial Guinea, Gabon, Ghana, Guinea, Kenya, Mali, Nigeria, Sao Tome and Principe, 

Senegal. Tanzania, Togo, Uganda). 

 

 

5. Potential Partnerships in Development and Implementation of the New CRP 

 

In undertaking this CRP the Agency will collaborate with appropriate research institutions, museums, 

and ongoing SIT fruit fly programmes in Member States. A non-inclusive list of potential 

collaborating organizations which could participate in R&D is shown in Table 3. It is also recognized 

that National Plant Protection Organizations within Member States must be kept engaged in these 

studies and that all other stakeholders should be included at a very early stage. The Governments of 

Australian and New Zealand have expressed much interest in the work on resolving the B. dorsalis 

complex and will be contributing in kind to the objectives listed in section 3.2 for this complex. 

Collaboration with such groups will be intensified during the implementation of this CRP. Researchers 

and taxonomists actively involved in tephritid work in developing countries will be contacted to 

encourage their participation. Information on the proposed CRP should not only be sent to atomic 

energy authorities, but also to Ministries of Agriculture and Science and Technology in each Member 

State for their transmission to their respective universities and research organisations.  

 



 

 

 
 

 
 
 

 
 

Given the often subtle nature of the differences between the major pest species within these 

complexes, the key to progressing towards their taxonomic resolution will be a coordinated approach. 

The CRP will need to interact collaboratively to ensure appropriate synergies are developed such that 

robust evidence for the specific status of these species is able to be established through this CRP. 

 

Table 3. Potential collaborating organizations identified which could contribute or benefit from 

R&D and technology transfer aiming at defining species limits of these major pest complexes. 

 

Argentina 

 Instituto de Genética, Instituto Nacional de Tecnología Agropecuaria (INTA) Castelar 

 Laboratorio de Genética de Poblaciones, Departamento de Ecología, Genética y Evolución, 

Facultad de Ciencias Exactas y Naturales, Universidad de Buenos Aires 

 Estación Experimental Agroindustrial Obispo Colombres, Tucumán 

 Instituto de Sanidad y Calidad Agroalimentaria de Mendoza (ISCAMen) 

 

Australia 

 

 NSW Department of Industry and Investment, New South Wales 

 International Centre for the Management of Pest Fruit Flies, Griffith University, Nathan 

Campus,  Brisbane, Queensland 4111 

 Queensland University of Technology 

 Northern Australia Quarantine Service 

 

Bahrain 

 Ministry of Agriculture 

 

Bangladesh 

 Bangladesh Atomic Energy Commission 

 

Belgium 

 Royal Museum of Central Africa 

 

Benin 

 International Institute of Tropical Agriculture (IITA), BP 08-0932, Cotonou 

 

Brazil 

 Departamento de Biología, Instituo de Biociencias, Universidade de Sao Paulo, SP 

 ESALQ, Universidade de Sao Paulo (USP) 

 Laboratório Irradiação de Alimentos e Radioentomologia, Centro de Energia Nuclear na 

Agricultura, Universidade de Sao Paulo (USP) 

 Embrapa - Centro de Pesquisa Agropecuária do Trópico Semi-Árido, Petrolina, Pernambuco 

 Universidade Estadual de Santa Cruz, BA 

 Laboratório de Genética Animal, Centro de Biologia Molecular e Engenharia Genética, Instituto 

de Biologia, Universidade Estadual de Campinas (UNICAMP), P.O. Box 6010, Campinas, São 

Paulo, 13083-875 

 

Bhutan 

 Kiran Mahat, Royal Ministry of Agriculture 

 

China 

 Chinese Academy of Sciences present in many locations 

 College of Plant Protection, Fujian Agriculture and Forestry University, Fuzhou 



 

 
 

 
 

 
 

Colombia 

 Universidad del Tolima 

 

Costa Rica 

 Smithsonian Tropical Research Institute 

 

Guatemala 

 Programa Moscamed, Guatemala City 

 

India 

 Department of Entomology, Kerala Agricultural University 

 Department of Entomology, Bansilal Amrutlal College of Agriculture, Gujarat Agriculture 

University 

 Division of Entomology and Nematology, Indian Institute of Horticultural Research 

 Division of Entomology, Indian Agricultural Research Institute, PUSA, New Dehli 110012 

 

Indonesia 

 Basic Entomology Laboratory, Plants Pests & Diseases Department, Faculty of Agriculture, 

Gadjah Mada University, Yogyakarta 

 Directorate of Horticulture Protection, Department of Agriculture, JI AUP Pasar Minggu,  

Jakarta Selatan 12520  

 

Iran 

 Department of Education and Manpower Mobilization, Atomic Energy Organization of Iran 

Tehran 

 

Italy 

 Department of Animal Biology, Pavia University 

 

Japan 

 Laboratory of Chemical Ecology, Graduate School of Agriculture, Kyoto University 

 

Kenya 

 International Centre of Insect Physiology and Ecology (icipe), Nairobi 

 

Malaysia 

 Department of Science, Universiti Putra 

 Phi Biotech Sdn, Bhd, Selangor 

 School of Environmental and Natural Resources Science, Faculty of Science and Technology, 

National University of Malaysia 

 

México 

 Instituto de Ecología A.C., Xalapa, Veracruz 

 El Colegio de la Frontera Sur, Tapachula, Chiapas 

 Programa Moscamed-Moscafrut, Tapachula, Chiapas 

 



 

 

 
 

 
 
 

 
 

New Zealand 

 Bio-Protection Research Center, Lincoln University 

 MAFF BNZ 

 Landcare Research 

 

Peru 

 Servicio Nacional de Sanidad Agraria (SENASA), La Molina, Lima. 

 

Papua New Guinea 

 National Agricultural Research Institute 

 NAQIA 

 

Philippines 

 University of Los Banos 

 

Réunion 

 CIRAD, Station de la Bretagne BP 20, 97408 Saint-Denis Messageries, Cedex 9 

 

South Africa 

 ARC Infruitec-Nietvoorbij, Stellenbosch 

 

Tanzania 

 Department of Crop Science and Production, Sokoine University of Agriculture, Morogoro 

 

Thailand 

 Department of Biotechnology, Faculty of Science, Mahidol University, Bangkok 

 Department of Entomology, Kasetsart University, Bangkok 

 Ministry of Agriculture, Department of Agriculture Chatuchak, Bangkok 

 

United Kingdom 

 Natural History Museum, London 

 Food and Environment Research Agency (FERA), Sand Hutton, York YO41 1LZ 

 

USA 

 Systematic Entomology Laboratory, USDA/ARS 

 Florida Department of Agriculture & Consumer Services, Division of Plant Industry, 

Gainesville, FLA 

 Center for Medical, Agricultural and Veterinary Entomology, USDA/ARS, Gainesville, FLA 

 The Pennsylvania State University, PA 

 USDA/ARS, PBARC, Hilo, Hawaii 

 

Venezuela 

 Instituto de Investigaciones Agrícolas, Aragua 

 

 

6. Beneficiaries  

 

There are increasing requests by Member States wanting to integrate the SIT with other methods for 

fruit fly pest control. The proposed research underpins the needs and priorities of these Member 

States. The expected outcome is that more Member States will be able to access an effective, 

environment-friendly technology because SIT application can be expanded to more fruit and vegetable 

crops, situations, and countries. Furthermore, the resolution of species complexes will significantly 



 

 
 

 
 

 
 

support the expansion of agroindustries and the trans-boundary trade in fresh fruit and vegetables. In 

particular beneficiaries are, among others:  

 

 Current operational fruit fly SIT programmes and related area-wide (AW) IPM suppression or 

eradication programmes. 

 Pest control programmes not currently using SIT, but which could benefit by improved technology 

as well as the possibility of introduction of SIT.  

 International and regional quarantine and trade authorities and affected countries whose trade 

would be facilitated by resolving which species are pests, where pest species are likely to 

originate, and the techniques developed for identifying them. 

 Organizations involved in food production, processing, shipping, and trading, benefiting from 

increased deployment of this technology. 

 Farmers and their communities, who will be more able to reduce insecticide residues in food and 

the environment. 

 The scientific community involved in basic/applied research in areas of insect systematics, 

physiology, chemical ecology, biocontrol, nutrition, mass rearing, microbiology and behaviour. 

 

 

7. Previous Co-ordinated Research Projects on Related Topics in Fruit Flies 

 

Relevance to previous and ongoing CRPs:   

SIT research and development of the above mentioned species and their complexes of species is 

currently in its infancy. This proposed CRP is a logical follow-up of a previous CRP entitled: 

D4.10.21 - Development of Mass Rearing for New World (Anastrepha) and Asian (Bactrocera) Fruit 

Fly Pests in Support of SIT (2004 – 2009) and its outcomes will increase the effectiveness of 

implementing trans-boundary SIT programmes against these putative fruit fly pest species. The 

proposed CRP also builds on the previous CRP: D4.10.16 - Quality Assurance of Mass Produced and 

Released Fruit Flies for SIT Programmes (1999 - 2005), the results of which have been published in a 

dedicated issue of a scientific journal. 

 

Relevance to the project objective:   

Project 2.1.4.2. aims at improved suppression of insect plant pests through the effective use of the SIT 

in area-wide integrated approaches. As such this will reduce the use of insecticides and facilitate 

international trade. The outcomes of this CRP are greatly relevant to this project as it will resolve the 

uncertainties surrounding the putative species within the Anastrepha, Bactrocera, and Ceratitis 

species complexes, especially in relation to their mating behaviour and sexual cross-compatibility. 

This will facilitate SIT application against invasive pest outbreaks or established native populations, 

and increase the cost-effectiveness of the SIT against these pests. It will also clarify their pest status, 

which will greatly support international agricultural trade among Member States.  

 

 

8. Consultants’ Meeting on “Enhanced SIT Application for Cryptic Complexes of Tephritid Pest 

Species to Facilitate International Trade” 

 

A Consultants’ Meeting was held in Vienna in July 2009 to identify strategies to resolve the cryptic 

fruit fly species complexes of economic importance in relation to trade in agricultural products and the 

integration of SIT in AW-IPM approaches. Besides the invited consultants, a number of experts from 

Australia, Italy, New Zealand and the United States participated in the meeting at their own cost. The 

consultants recommended that: 

 

a) Given the current difficulties encountered world-wide in the identification of pest species of 

fruit flies, a CRP on defining species limits and developing species discrimination techniques 

is recommended for facilitation of agricultural world trade and effective SIT application. 

http://www-crp.iaea.org/html/rifa-show-detail.asp?ProgCode=D41016


 

 

 
 

 
 
 

 
 

b) A CRP focus on several cryptic species complexes of tephritid genera that include pests of 

significant economic impact, which are currently causing major difficulties in world trade, and 

which have potential for SIT application.  

 

c) Four fruit fly complexes should be addressed during the CRP. Anastrepha fraterculus, B. 

dorsalis and B. cucurbitae with high priority, followed by Ceratitis rosa with medium 

priority. 

 

d) Current macroscopic (such as morphology, physiology, chemical ecology, behaviour and 

ecology) and molecular technologies (DNA, allozymes, cytology, genomics) need to be 

consolidated and systematically tested against critical target pest species. 

 

e) R&D in the CRP should be directed toward an improved understanding of these technologies 

in relation to the identified pest complexes and in developing defined protocols and diagnostic 

tools for use in quarantine systems and operational SIT programmes. 

 

f) Selection of CRP contract and agreement holders should be based on a good balance between 

action programme personnel and scientists conducting basic research in taxonomy, 

physiology, chemical ecology, microbiology, behaviour, ecology and molecular biology.  

 

9. Nuclear Component 

 

All the activities in the proposed CRP are related to promoting and overcoming constraints to the 

production, irradiation and release of sterile insects for use in SIT programmes. At the heart of the SIT 

is the use of ionising radiation to routinely sterilize very large numbers of pest insects for operational 

field suppression or eradication programmes. Currently there is no alternative that could replace the 

application of radiation in this process and this radiation-induced sterility will remain the key 

component of the SIT technology.  

 

10. Role of FAO/IAEA Laboratory in Seibersdorf 

 

The FAO/IAEA Laboratory in Seibersdorf will play an important role in supporting the greenhouse 

cross-mating studies described above, and will also host some visiting scientists from some of the 

participating countries to carry out some of these and CRP-related studies. 

 

11. Overall Objective of the CRP 

 

To assist Member States in achieving sustainable fruit and vegetable production and in facilitating 

international trade and the area wide integrated application of the SIT as part of 

suppression/eradication programmes against fruit flies of economic importance in Africa, Asia & 

Pacific, and Latin America.  

 

12. Specific Objectives of the CRP 

 

Specific objectives are defining the species limits within the target complexes, followed by developing 

robust species-specific diagnostic tools.  

The main targets will be the Anastrepha fraterculus (Latin America), Bactrocera dorsalis (Asia & 

Pacific, Africa), and Ceratitis rosa (Africa) species complexes and Bactrocera cucurbitae (Asia & 

Pacific, Africa). In each of these groups there are questions concerning either the validity of some of 

the species or their capacity to be diagnosed. Throughout this proposal we refer to these as putative 

species.  

A summary of the problems identified by the consultants and the specific objectives of the CRP to 

assist in finding solutions are listed in Table 4. More detailed listings and justifications are presented 

in the Logical Framework (Section 16).   
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Table 4. Specific objectives of the CRP 

 

 

Complex / 

Species 

International 

Economic 

Importance 

(High, Med. 

or Low) 

 

Problem / 

Opportunity 

 

Specific Objectives 

 

 

Anastrepha 

fraterculus 

H Delimit and 

name new 

species. 

Establish a 

network for 

targeted, 

structured 

sampling of the 

complex 

together with 

collection of 

ecological data. 

Develop 

protocol for 

collecting, 

handling and 

preserving, 

transport, 

recording, etc of 

specimens. 

Carry out cross-

matings as 

required 

between 

selected 

populations of 

named species 

– under semi-

natural, choice 

situations using 

wild / wildish 

flies. Record 

behavioural 

aspects.   

 

Define the 

species status 

of putative 

species by 

collating, 

analysing and 

interpreting 

new and 

existing data. 

Establish 

which species 

will be A. 

fraterculus s. 

s. based on the 

holotype. 

Develop 

improved 

diagnostic tools 

based on the 

acquired 

knowledge.   

Determine sex 

pheromone 

profiles for each 

putative species. 

 

-- 

Bactrocera 

dorsalis 

species 

complex 

H Validity of 

current species. 

Confirm that B. 

dorsalis s.s. is 

one species by 

carrying out 

cross-mating 

studies on 

geographically 

extreme 

populations.  

Carry out 

targeted 

sampling for 

species listed in 

4.2.2. Establish 

a laboratory 

network for 

structured 

sampling. 

Carry out 

cross-species 

matings as 

required. 

Record 

behavioural 

aspects.   

 

Establish relative 

attraction of 

males to 

parapheromones 

between 

populations and 

species. 

Determine sex 

pheromone 

profiles for each 

species. 

Define the 

species status of 

B. dorsalis, B. 

papayae, B. 

philippinensis 

and B. invadens 

by collating, 

analysing and 

interpreting new 

and existing 

data. 

Develop 

improved 

morphological 

and molecular 

diagnostic tools 

based on the 

acquired 

knowledge (for 

adults and 

immatures).   



 

 

 
 

 
 
 

 
 

Bactrocera 

cucurbitae   

H Confirmation 

of single 

species status. 

Develop 

protocol for 

collecting, 

handling, 

preserving, 

transport, 

recording, etc of 

specimens from 

Africa, Hawaii, 

Indonesia. 

Establish a 

network for 

targeted, 

structured 

sampling of 

species together 

with ecological 

data. 

 

Carry out cross-

matings as 

required 

between 

selected 

populations 

under semi-

natural, choice 

situations using 

wild / wildish 

flies. Record 

behavioural 

aspects. If there 

are positive 

differences then 

proceed to other 

studies. 

 

    

Ceratitis rosa 

species (FAR) 

complex 

M Need 

diagnostics for 

each species 

that are more 

robust than 

microsatellite 

techniques. 

Also need for 

larval 

diagnostics for 

quarantine in 

support of 

quarantines. 

Develop more 

robust 

morphological 

and molecular 

diagnostics to 

be able to 

distinguish each 

species.  

Develop 

morphological 

and molecular 

diagnostics 

based on larval 

characteristics. 
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13. Expected Research Outputs 

 

Anastrepha fraterculus 

1. Protocols developed and network established for structured collecting, handling and preserving, 

transport, recording, vouchering of specimens.  

2. Cross-matings and behaviour studies carried out between putative species of the A. fraterculus 

complex under semi-natural, choice situations using wild / wildish flies.  

3. Sex pheromone profiles determined for each putative species. 

4. Cytological studies performed for each putative species.  

5. Genetic analyses carried out on material collected from across the geographical range of A. 

fraterculus. 

6. Morphological studies carried out on material collected from across the geographical range of A. 

fraterculus. 

7. Other potentially discriminating biological attributes investigated for pest putative species. 

8. Taxonomic revision of the A. fraterculus complex based on outputs 1 to 7. 

9. Improved morphological and molecular diagnostic tools developed based on output 8. 

 

Bactrocera dorsalis 

1. B. dorsalis s.s. confirmed as one species based on cross-mating and behaviour studies carried 

out between populations sampled from extremes of geographical distribution. 

2. Protocols developed and network established for structured collecting, handling and preserving, 

transport, recording, etc of specimens.  

3. Cross-matings and behaviour studies carried out between pest putative species of the B. dorsalis 

complex under semi-natural, choice situations using wild / wildish flies.  

4. Sex pheromone profiles determined for each pest putative species. 

5. Other potentially discriminating biological attributes investigated for pest putative species. 

6. Genetic analyses carried out on material collected from across the geographical range of pest 

species. 

7. Species status for pest putative species newly defined based on outputs 1 to 6. 

8. Improved morphological and molecular diagnostic tools developed based on output 7.   

 

Bactrocera cucurbitae 

1. Mating compatibility assessments and behaviour studies carried out among populations from 

Africa, Indian Ocean, and Asia & Pacific under semi-natural, choice situations using wild / 

wildish flies. 

 

Ceratitis rosa, C. fasciventris and C. anonae. 

1. Robust discriminating markers developed and made available for the three species. 

 

14. Action Plan (Activities) 

 

1. Hold Consultants’ Meeting 

2. Announce the CRP widely and award research agreements and contracts to relevant fruit fly 

researchers, taxonomists and fruit fly control programmes and establish CRP 

3. Organise first RCM to plan, co-ordinate and review research activities (June 2010) in Vienna in 

conjunction with Training Workshop on: 

a. Field collection, handling, preservation, protocols;  

b. Field cage experimental protocols; and  

c. Taxonomy. 

4. Carry out R&D 

5. Hold second RCM to analyse data, draft technical protocols as required and plan future 

activities (December 2011) 

6. Continue R&D 

7. Convene third RCM to continue analysis of collections and colony material and to plan future 

activities (June 2013) 

8. Hold Consultants Meeting of taxonomists to review all evidence collected to name/rename 

species. 



 

 

 
 

 
 
 

 
 

9. Final R&D to validate protocols, confirm findings 

10. Hold final RCM to review data, reach consensus, prepare final report (January 2015)  

11. Edit and publish proceedings of CRP as a collection of papers in a scientific journal. 

 

 

15. Inputs 

 

7 Research Agreements    

13 Research Contracts      6,000 EUR /year for 5 years  390,000 EUR 

 4 Research Coordination Meetings  45,000 EUR /meeting   180,000 EUR 

 1 Training Workshop     20,000 EUR       20,000 EUR 

 1 Taxonomists Meeting    20,000 EUR       20,000 EUR 

Publishing Final Proceedings  20,000 EUR       25,000 EUR 

 Total CRP           635,000 EUR 

 

 

16. Assumptions 

 

 Fruit and vegetable production in Member States continue to suffer major losses due to endemic 

and introduced fruit fly pests.  

 

 International trade in fruit and vegetable commodities continue to increase and be disrupted by 

the presence of fruit fly pests, requiring expensive pre- and post-harvest treatments and 

quarantine measures to access major export markets. 

 

 International trade continues to suffer from unnecessary restrictions due to confusion and 

uncertainty about the biological identity, geographic distribution and lack of diagnostic tools for 

pest fruit fly species. 

 

 In contrast to pesticide applications, more environmentally-friendly pest fruit fly control 

requires precise applications based on the precise knowledge of the biology of different target 

species. 

 

 An AW-IPM approach to suppression/eradication of fruit fly pests, including where appropriate 

SIT, will increasingly be a cost-effective and sustainable control method. 

 

 Member States continue to request expansion of sterile insect technology to other major fruit fly 

pest species and increased efficiency in the ongoing application of the SIT against fruit fly pest 

species. 

 

 Resolution of fruit fly pest species complexes will significantly enhance agricultural trade and 

the SIT application to other fruit fly pest species. 

 

 Funding will be available to carry out the whole CRP as planned. 

 



 

2020 

 

 
 
 

 

 

 
 

17.  Logical Framework 
 

 

NARRATIVE SUMMARY 

 

 

OBJECTIVE VERIFIABLE 

INDICATORS 

 

MEANS OF VERIFICATION 

 

IMPORTANT ASSUMPTIONS 

 

OVERALL OBJECTIVE 

 

To assist Member States in achieving 

sustainable fruit and vegetable 

production and in facilitating 

international trade and the area wide 

integrated application of the SIT as 

part of suppression/eradication 

programmes against fruit flies of 

economic importance in Africa, Asia 

& Pacific, and Latin America 

 

 

 

 

 

 

 

 

 

 

 

N/A 

 

 

 

N/A 

 

Fruit and vegetable production in Member States 

continue to suffer major losses to endemic and 

introduced fruit fly pests 

 

International trade in fruit and vegetable 

commodities continue to increase and be 

disrupted by fruit fly pests, requiring expensive 

pre- and post-harvest treatments and quarantine 

measures 

 

International trade continues to suffer from 

unnecessary restrictions due to confusion about 

the biological identity, geographic distribution 

and lack of diagnostic tools for pest fruit fly 

species 

 

In contrast to pesticide applications, a more 

environmentally friendly pest fruit fly control 

requires precise applications based on the 

knowledge of the biology of species 

 

An area-wide integrated pest management 

approach to fruit fly pests, including where 

appropriate SIT as the non-polluting 

suppression/eradication component, will 

increasingly be a cost-effective and sustainable 

method to deal with fruit fly pest 

 

 



 

 

 
 

 
 
 

 
 

 

NARRATIVE SUMMARY 

 

 

OBJECTIVE VERIFIABLE 

INDICATORS 

 

MEANS OF VERIFICATION 

 

IMPORTANT ASSUMPTIONS 

SPECIFIC RESEARCH 

OBJECTIVE 

 

Identify and define the biological 

limits of closely related pest species 

within the South American fruit fly 

(A. fraterculus) complex. Facilitate 

the taxonomic revision and develop 

corresponding diagnostic tools to 

distinguish these species 

 

 

 

Basic and applied research 

that defines biological species 

limits of species within the A. 

fraterculus complex and 

develops tools to distinguish 

them so as to facilitate trade 

and SIT implementation as 

part of AW-IPM 

 

 

 

Sampling protocols, diagnostic 

tools, species descriptions and 

geographic distributions, 

trapping and ecological 

information, reports and 

publications 

 

 

 

 

 

There are multiple species present within the 

single A. fraterculus nominal species. This 

constrains trade and SIT application 

Identify and redefine the biological 

limits and species status of closely 

related pest species within the 

Oriental fruit fly (B. dorsalis) 

complex. Develop corresponding 

diagnostic tools to distinguish these 

species 

Basic and applied research 

that defines biological species 

limits within the B. dorsalis 

complex and develops tools to 

distinguish them so as to 

facilitate trade and SIT 

implementation as part of 

AW-IPM 

 

Sampling protocols, diagnostic 

tools, species descriptions and 

geographic distributions, 

trapping and ecological 

information, reports and 

publications 

 

There is no universal agreement on the validity 

of the currently described pest species within the 

B. dorsalis complex. This constrains trade and 

SIT application 

Determine mating compatibility 

among melon fly (B. cucurbitae) 

populations from Africa and Asia & 

Pacific 

Mating compatibility assessed 

so as to allow efficient 

application of the SIT to B. 

cucurbitae in these regions 

 

Reports and publications on 

mating compatibility 

There appear to be intra-specific differences 

which would interfere with efficient SIT 

applications 

Develop more robust species markers 

for the identification of the African 

pest species complex: C. rosa, C. 

fasciventris and C. anonae 

New robust species markers 

developed and validated so as 

to facilitate trade and 

protection of agriculture and 

biological diversity through 

improved quarantine services 

Diagnostic tools, reports and 

publications 

Existing diagnostic tools are not suitably robust 

for quarantine use 



 

 
 

 
 

 
 

 

OUTPUTS    

A. fraterculus    

Protocols developed and network 

established for structured collecting, 

handling and preserving, transport, 

recording, vouchering of specimens. 

 

 

 

One protocol developed for 

live cultures (e.g. generation 

number for mating trials, etc.). 

One protocol developed for 

preserved collections. 

Established network of at least 

three laboratories. 

Protocol developed and 

available to investigators. 

Established protocols can be adopted for use in 

collections 

Investigators apply protocols. 

Cross-matings and behaviour studies 

carried out between putative species 

of the A. fraterculus complex under 

semi-natural, choice situations using 

wild / wildish flies. 

Wildish colonies established 

from at least three of the 

putative species. 

Sexual behaviour described 

and mating compatibility 

assessed from all cross-mating 

combinations. 

Reports of behaviour and mating 

compatibility tests. 

International peer reviewed 

publications 

The procedures to establish species limits are 

scientifically acceptable. 

Sex pheromone profiles determined 

for each putative species. 

 

Sex pheromone profiles 

determined for at least three 

putative species. 

 

Reports of pheromones studies 

and analyses. 

The samples are representative of the true 

population and are processed according to the 

established protocol. 

Cytological studies performed for 

each putative species. 

 

Karyotypes described for at 

least three putative species. 

Polytene chromosome banding 

pattern described for at least 

three putative species. 

Karyotype and polytene 

chromosome data published. 

The samples are representative of the true 

population and are processed according to the 

established protocol. 

Genetic analyses carried out on 

material collected from across the 

geographical range of A. fraterculus.  

Measures of intra- and inter- 

species genetic variation for at 

least three populations of each 

of at least three putative 

species. 

Reports and published genetic 

analyses. 

New gene regions can be accessed and used to 

screen populations 

Sufficient representative samples available to 

conduct appropriate analysis. 

Morphological studies carried out on 

material collected from across the 

geographical range of A. fraterculus 

to assess variation within and 

Measures of intra- and inter- 

species morphological (adults 

and immatures) variation for 

at least three populations of 

Reports and published 

morphological studies. 

The samples are representative of the true 

population and that they are processed according 

to the established protocol. 



 

 

 
 

 
 
 

 
 

between putative species from the 

complex 

each of three putative species. 

Other potentially discriminating 

biological attributes investigated for 

pest putative species. 

At least one other 

potentially discriminating 

biological attribute assessed 

and standardised for at least 

three putative species. 

Reported protocols made 

publicly available 

Published data on biology of 

flies with particular reference to 

assisting discrimination between 

populations/species. 

Experimental staff capable of carrying out 

standardised behavioural protocols. 

Quality of outcomes highly dependent on 

essential co-ordination between groups. 

Taxonomic revision of the A. 

fraterculus complex based on outputs 

1 to 7. 

Formal taxonomic description 

of at least three species. 

 

Published results on the 

taxonomy of the A. fraterculus 

complex focussing on pest 

species of economic 

significance. 

Independent avenues of conducted research will 

suggest a consensus outcome. 

The previous research as part of CRP (mating, 

pheromones, behaviour) is completed and made 

available. 

Improved morphological and 

molecular diagnostic tools developed 

based on output 8. 

At least one diagnostic tool 

developed for each newly 

named species defined in 

output 8. 

Published diagnostic protocols.  The previous objective (defining species limits in 

A. fraterculus) has been achieved. 

Having determined species limits, diagnostic 

markers can be found. 

B. dorsalis    

B. dorsalis s.s. confirmed as one 

species based on cross-mating and 

behaviour studies carried out 

between populations sampled from 

extremes of distribution. 

Populations from at least two 

extremes of the B. dorsalis 

distribution evaluated. 

 

Results published/reported. 

 

 

 

 

 

 

 

Confirming that B. dorsalis s.s. is a single 

species allows the establishment of centralised 

rearing facilities. 

Individuals collected from targeted collection 

localities are B. dorsalis s.s. based on initial 

morphological identification. 

Collaborators can be found to undertake 

collections. 



 

 
 

 
 

 
 

Protocols developed and network 

established for structured collecting, 

handling and preserving, transport, 

recording, etc of specimens. 

 

 

 

One protocol developed for 

live cultures (e.g. generation 

number for mating trials etc) 

One protocol developed for 

preserved collections  

Established network of at least 

3 laboratories. 

Published protocol checklist 

publicly available. 

 

Central repository of collection 

material curated and live 

cultures established and 

maintained. 

Centralised group co-ordinating collection and 

curation of samples. 

Local collectors accurately locate and collect 

required samples according to defined protocols. 

Specialists available for specimen identification 

prior to live culture establishment. 

Cross-matings and behaviour studies 

carried out between pest putative 

species of the B. dorsalis complex 

under semi-natural, choice situations 

using wild / wildish flies. 

 

Wildish colonies established 

from at least three of the 

putative species. 

Sexual behaviour described 

and mating compatibility 

assessed among at least B. 

dorsalis, B. papayae and B. 

philippinensis. 

 

Published results on cross-

mating studies 

 

Flies can be maintained under wildish conditions 

over minimum generations to produce 

meaningful results. 

There is staff available to undertake experiments 

and maintain cultures. 

The timing between field collections, cultures, 

and available staff will coincide. 

Sex pheromone profiles determined 

for each pest putative species before 

and after consuming botanical 

parapheromone (where applicable). 

 

Sex pheromone profiles 

determined for at least B. 

dorsalis, B. papayae and B. 

philippinensis. 

Published results on pheromone 

profiles 

 

Suitable fly specimens and specialists (including 

specialist equipment) are available to analyse 

and compare information 

Other potentially discriminating 

biological attributes investigated for 

pest putative species. 

At least two other potentially 

discriminating biological 

attributes assessed and 

standardised for at least B. 

dorsalis, B. papayae and B. 

philippinensis. 

Reported protocols made 

publicly available. 

Published data on biology of 

flies with particular reference to 

assisting discrimination between 

populations/species. 

 

Experimental staff capable of carrying out 

standardised behavioural protocols 

Quality of outcomes highly dependent on 

essential co-ordination between groups 

Genetic analyses carried out on 

material collected from across the 

geographical range of pest species to 

assess genetic variations within the 

complex. 

Measures of intra- and inter- 

species variation for three 

populations of each of at least 

B. dorsalis, B. papayae and B. 

philippinensis. 

Published results of genetic 

analyses. 

Reports with specific statement 

on whether genetic data supports 

separate/single species for B. 

dorsalis s.l. 

New gene regions can be accessed and used to 

screen populations. 

Sufficient representative samples available to 

conduct appropriate analysis. 



 

 

 
 

 
 
 

 
 

 

Species status for pest putative 

species newly defined based on 

outputs 1 to 6. 
 

Species status defined for at 

least B. dorsalis, B. papayae 

and B. philippinensis. 

 

Published results on the 

taxonomy of the B. dorsalis 

complex focussing on pest 

species of economic 

significance. 

Independent avenues of conducted research will 

suggest a consensus outcome. 

The previous research as part of CRP (mating, 

pheromones, behaviour) is completed and made 

available. 

Improved morphological and 

molecular diagnostic tools developed 

based on output 7. 

At least one diagnostic tool 

developed for each species 

defined in output 7. 

Diagnostic protocols published. The previous objective (defining species limits in 

B. dorsalis s.l.) has been achieved. 

Having determined species limits, diagnostic 

markers can be found. 

 

Bactrocera cucurbitae    

Mating compatibility assessments 

and behaviour studies carried out 

among Melon fly (B. cucurbitae) 

populations from Africa, Indian 

Ocean, and Asia & Pacific under 

semi-natural, choice situations.  

 

At least one population from 

each of three regions assessed. 

Published results on mating 

compatibility. 

 

Flies can be built up in culture to sufficient 

numbers over minimum generations to produce 

meaningful results. 

There is staff available to undertake experiments 

and maintain cultures 

The timing between field collections, cultures, 

and available staff will coincide. 

C. rosa, C. fasciventris and C. 

anonae. 

   

Robust discriminating markers 

developed and made available for the 

three species. 

 

At least one morphological 

marker and at least one 

molecular marker for each of 

the three species. 

 

Markers to analyse extensive 

field samples. 

More robust markers can be identified and 

utilized. 

 



 

 
 

 
 

 
 

 

ACTIVITIES    

Hold Consultants Meeting. 

 

Consultants meeting held 6-10 July 

2009. 

 

CRP proposal. CRP approved by committee 

Proposals submitted/accepted. 

Award research agreements 

and contracts to fruit fly researchers, 

taxonomists and fruit fly control 

programmes and establish CRP. 

Research contracts agreements. Signed agreements and contracts. Agreements and contracts approved 

and funded. 

Organise 1
st
 RCM to plan, co-

ordinate and review research 

activities, in conjunction with 

Training Workshop. 

1st RCM and related Training 

Workshop held in June 2010. 

Protocols that were used for training 

in the Workshop. 

Working material of 1
st
 RCM printed 

and distributed. 

Protocols available in advance of 

Training Workshop. 

Live and dead material available for 

analysis. 

Carry out R and D R and D findings Research reports.  Continued institutional support. 

Hold 2
nd

 RCM to begin analysis of 

collection data, draft technical 

protocols as required, and plan future 

activities. 

2
nd

 RCM held in December 2011. Working material printed and 

distributed for 2
nd

 RCM, research 

published in scientific literature and 

disseminated to Member States and 

Scientific community. 

Analytical tools appropriate and 

verifiable. 

Continue R and D. R and D findings. Research reports. Continued institutional support. 

Hold 3
rd

 RCM to continue analysis of 

collections and colony material and 

to plan future activities. 

3
rd

 RCM held in June 2013. Working material printed and 

distributed for 3
rd

 RCM, research 

published in scientific literature and 

disseminated to Member States and 

Scientific community. 

Reports published and distributed 

following each RCM. 

Mid-year review of CRP approved. 

Carry out final R and D. R and D findings. Research reports. Continued institutional support. 

Hold Consultants Meeting of 

taxonomists to review all evidence 

collected to name/rename species. 

Species named/renamed. Consultants Meeting report. Funding and participation of relevant 

taxonomists. 

Hold final RCM to review data, reach 

consensus and prepare final report. 

 

Final RCM held in January 2015 Final CRP report distributed and 

research published in scientific 

literature  

Funding available to complete CRP 

and to publish proceedings. 
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18. Brief Summary for the Agency’s Bulletin 

 

Fruit flies are among the worst plant pests in agriculture, causing major losses in fruit and vegetable 

production, and are major targets of insecticide use in nearly all tropical, subtropical and some 

temperate countries worldwide. They are also of major economic importance because they result in the 

establishment of quarantines and the disruption of international agricultural trade. The Sterile Insect 

Technique (SIT) is increasingly applied operationally against the Mediterranean fruit fly; however, 

there are some important constraints to its use against other major fruit fly pests. There are increasing 

demands from Member States in Africa, Asia and Latin America to resolve the uncertain taxonomic 

status of some key pest fruit fly species which exist as species complexes, i.e. fruit fly species that are 

morphologically similar and are not real separate species but only geographical variants. This 

uncertainty is having significant negative impacts on international trade and is resulting in the 

establishment of technically unjustified trade barriers to important commercial fruit and vegetable 

commodities. Also, some fruit fly populations grouped within the same species display different 

biological and genetic traits, which have important practical and economic implications for the 

effective use of the SIT. The resolution of some of the major cryptic species (i.e. insects whose 

specific status is questionable) complexes is therefore critical both for SIT application and to assist 

mainly subtropical and tropical Member States to overcome non-tariff trade barriers in order to export 

their fresh fruit and vegetable commodities to international high value markets. 

 

The main targets of research will be the Anastrepha fraterculus (Mexico, Central and South America), 

Bactrocera dorsalis (Asia, Africa and South America), Bactrocera cucurbitae (Asia and Pacific 

Ocean, Indian Ocean and Africa) and Ceratitis rosa (Africa and Indian Ocean) species complexes. 

Cryptic pest fly species within each complex will be maintained in the laboratory and mating 

propensity, compatibility and competitiveness assessed under semi-natural conditions in field cages. In 

addition, the CRP will seek collaboration with researchers studying morphological, cytogenetic, 

molecular and pheromone differences between species. The objective for the CRP is to provide a clear 

description of biological characteristics of the species and the development of diagnostic tools for each 

species, resulting in facilitation of world trade and an enhancement of area-wide integrated pest 

management programmes that include SIT application.   
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Appendix 1. Present knowledge of the species status of selected Tephritid fruit fly species and species complexes 

 

“GENETIC” TECHNIQUES 

 

 
  

Named Species 

 

DNA 

 

Cytology 

 

Allozymes 

 

Genomics 

 

Proteomics 

 

Ease of 

accessibility to 

required 

technologies 

Level of 

confidence in 

being able to 

correctly 

distinguish 

between species 

Bactrocera dorsalis 

species complex 

B. dorsalis 

B. papayae 

B. philippensis 
B. carambolae 

B. invadens 
B. occipitalis 

B. caryeae 

B. kandiensis 
B. pyrifoliae 

Some spp can be 

distinguished using the 

DNA barcode, but others 
cannot. A failure to 

acquire resolution may be 
due to either inappropriate 

markers OR inappropriate 

species status. This 
situation applies to a few 

other DNA markers that 
are available.  

Polytene chromosome 

technology has not been 

applied. Mitotic 
chromosome research 

has been published – 
some data show 

insufficient sensitivity 

for distinguishing 
species within the 

complex but others are 
discriminatory. No 

indication of within 

species variation. 

Have been used in the 

past, but are now 

essentially superseded 
by DNA and other 

technologies. Results 
achieved could be 

influenced by the 

environment. The 
technique could be 

useful for sympatric 
species. Essentially used 

for population genetics 

rather than species 
differences. 

None published. 

Work is planned 

(Hawaii) to start 
soon. 

None published. 

Some preliminary 

work started, but no 
usable results yet 

(potentially useful 
species specific 

proteins have been 

found but not 
identified). 

These technologies 

are not always 

accessible on site 
but samples can be 

sent to central 
agencies if they can 

wait for ~2d. 

Immediate access to 
most of these 

technologies is not 
always available.  

High for some 

species (especially 

the 
morphologically 

different adults, 
e.g. B. dorsalis 

and B. papayae) 

but Low for others 
(which includes 

the most 
economically 

important flies). 

Impossible for all 
immature life 

stages. 

Bactrocera tryoni 

species complex  

B. tryoni 

B. neohumeralis 

B. aquilonis 
B. melas 

 

Bt and Bn are virtually 

indistinguishable. The 

DNA barcode does not 
distinguish between any 

species. in this complex. 

Nothing done Studies have been 

conducted using 

allozymes (e.g. Ba vs 
Bt, Drew and Lambert, 

1986) 

None to date. Some 

important genes 

(e.g. mating) have 
been identified (Bt 

and Bn) but not used 

for species 
identification  

None to date Some work has been 

done on immatures 

but not aware of any 
publication. DNA 

barcoding is used to 

ID down to species 
complex but not 

deeper. 
Adults are easily 

distinguished 

morphologically.  

Low (using 

genetic 

techniques) but 
High (able to 

discriminate adults 

– see above cell) 



 

 
 

 
 

 
 

 
Rhagoletis 

pomonella species 

complex 

R. pomonella 

(possibly two 

putative spp) 
R. mendax  

R. zephyria  
R. cornivora 

Some spp can be 

distinguished using the 

DNA barcode but others 
cannot. 

Some publications – but 

inconclusive 

 

Some publications – but 

inconclusive 

 

None published None published Not comprehensive 

through all species. 

Adults - Low  

 

Larvae found in 
host - High 

Ceratitis rosa 

species complex 

C. rosa 

C. fasciventris 
C. anonae 

Current molecular data do 

not allow to identify these 
as distinct phylogenetic 

species 

No conclusive data No conclusive data None published None published Not comprehensive 

through all species. 

Low 

Bactrocera tau 

species complex  

B. tau 

B. heinrichi 

B. bezzii 

and 13 to 15 other 
species 

Some DNA work using 

heat shock protein 70 

cognate showed 

differences between 
species designated A to I. 

Some publications (e.g. 

Baimai) – but individual 

species not named 

Some publications (e.g. 

Saelee)  – but individual 

species not named 

None to date None to date Not comprehensive 

through all species. 

Adults of about 50% 

of the species are 
easily distinguished 

morphologically. 

Low 

Bactrocera 
cucurbitae 

Complex 
suspected 

DNA barcode evidence of 
divergence between 

geographically isolated 
groups. Need more 

specimens. 

Polytene chromosome 
work being undertaken 

at Seibersdorf 

None known None known None known Are available for 
immatures but not 

aware of any 
publication. 

Low 

Anastrepha 
fraterculus (SEE 

APPENDIX 5) 

Several 
morphotypes have 

been proposed: 

Mexican, Andean 
and Brazilian; at 

least three entities 

within Brazil, and 
possible two more: 

Peru and Ecuador. 

Preliminary 
evidence in Peru 

also suggests 

genetic differences 
among 

populations.  

 

       

 
 



 

 

 
 

 
 
 

 
 

Appendix 2. Present knowledge of the species status of selected Tephritid fruit fly species and species complexes 

 

“BIOLOGICAL” TECHNIQUES 
 

   

Morphology 

 

Multivariate 

morphometrics 

 

Male lure 

response 

 

Developmental 

physiology 

 

ABehaviour 

 

Pheromone 

components, 

concentrations 

 

Host range 

 

Distribution 

 

Ease of 

accessibility 

to required 

technologies 

Level of 

confidence 

in being able 

to correctly 

distinguish 

between 

species 

Bactrocera 
dorsalis 

species 

complex 

B. dorsalis 
B. papayae 

B. philippensis 

B. carambolae 
B. invadens 

B. occipitalis 
B. caryeae 

B. kandiensis 

B. pyrifoliae 

Although described as 
morphologically 

distinct, there is much 

variation between and 
within species. 

Aedeagal and 
ovipositor lengths can 

be used but data are 

variable. 
Some larval 

morphology described 
but not useful. Some 

wing and wing-cell 

work has been done. 
Other body 

measurements and 
ratios have been 

studied (Drew, et al.). 

Found to be not 
sufficiently 

discriminatory. 

Wing pattern 
morphometrics – 

some species 

within this 
complex. Data 

showed ability to 
discriminate. 

Not all species 

within the 
complex have 

been tested. 
Insufficient 

number of 

populations 
sampled? No 

larval 
morphometrics 

tested. 

All respond to 
methyl eugenol 

(except B. 

pyrifoliae). This 
is not a 

diagnostic 
character for 

discriminating 

these species. 
Potential to test 

if all species 
return to 

parapheromones 

to re-feed. feed – 
especially for 

species that  
serve as 

potential 

pollinators for 
flowers that 

release methyl 
eugenol. May be 

useful to 

discriminate. 

Takes time. Not 
been done for 

diagnostic 

purposes. 
Possibility to test 

for variation 
between species 

tolerance to heat, 

cold, etc. May or 
may not be 

sensitive enough to 
be able 

discriminate.  

Physiology: 
potential to use to 

discriminate on the 
bases of e.g. 

ovariole number, 

others. 
Electrophysiology: 

chemoreception 
(antennagram tests, 

taste). Complex not 

fully explored. 

A large 
volume of 

data exists on 

describing 
variations in 

behaviour 
between 

species. A 

compilation of 
these and new 

data could 
potentially be 

used to 

discriminate 
between 

species. 

Technology is 
available but 

not all species 

in the complex 
have been 

analysed. Note 
that pheromone 

components 

and their 
concentrations 

vary 
throughout the 

life time of the 

fly. There 
should be a 

standard 
procedure (fly 

age, wild type, 

etc) for 
collection and 

analysis.  

Some have 
distinct host 

ranges and 

others have 
overlapping 

host ranges. 
Suggestion that 

this aspect may 

not be useful in 
discriminating 

because it’s so 
dependent on 

exogenous and 

endogenous 
factors. May be 

useful for 
secondary 

confirmation 

not for primary 
decision 

making.  

Distribution 
has been used 

as a 

diagnostic 
character. 

Some species 
in this 

complex have 

non-
overlapping 

distributions 
and others 

have 

overlapping 
distributions. 

May not be 
able to be 

used as a 

stand-alone 
diagnostic in 

all cases. 

These 
technologies 

are easily 

used and 
available with 

appropriate 
training. 

Generally 

more than 
one technique 

in this group 
is used to 

identify the 

species. 
However 

larval 
discriminatio

n is not 

adequately 
described.  

High for 
some species 

but the 

concern is 
that we may 

– or may not 
– be dealing 

with separate 

species.  
[Dynamic 

speciation,  
quarantine 

security 

within the 
distribution 

range of 
species 

within this 

complex may 
reduce the 

utility of 
point of 

origin as a 

“diagnostic”] 

Bactrocera 

tryoni 

species 
complex  

B. tryoni 

B. neohumeralis 

B. aquilonis 
B. melas 

 

Adults of these 

species can be 

distinguished 
satisfactorily by 

morphological 
diagnostics. Larval 

morphology: Has been 

worked on but is not 
used diagnostically. 

Adults: Some 

done on B. 

aquilonis and B. 
tryoni. Not used 

as 
morphological 

traits are used. 

No larval 
morphometrics. 

All cuelure 

responsive. 

Component 
research not 

recent. 

Very strong 

information in B. 

tryoni, but not for 
other species in the 

complex 

Extensive lab 

comparisons 

between B. 
tryoni and B. 

neohumeralis. 
No variable 

behaviour 

observed in 
field. 

 

Previous and 

current work 

(Phil Taylor at 
Macquarie) 

being 
undertaken on 

B. tryoni and 

B. 
neohumeralis 

Well 

documented. 

Well 

documented. 

Good. High. 



 

 
 

 
 

 
 

Rhagoletis 
pomonella 

species 

complex 

R. pomonella 
(possibly two 

putative spp) 

R. 
mendax  

R. 
zephyria  

R. 

cornivora 

These species are very 
similar 

morphologically and 

can only be identified 
by their host 

Some work has 
been done on 

adult wing 

morphometrics 

Some work has 
been done but 

not to the point 

where species 
can be identified  

Not been done for 
diagnostic 

purposes. 

Not been done 
for diagnostic 

purposes. 

Not been done 
for diagnostic 

purposes. 

Larvae are 
highly specific 

to their host. 

Well 
documented. 

Well 
documented 

Good High – for 
larvae but Low 

- for adults 

Ceratitis 

rosa 

species 

complex 

C. rosa 

C. fasciventris 

C. anonae 

Adults of these 

species can be 

distinguished 

satisfactorily by 

morphological 
diagnostics. Larval 

morphology 

techniques are not 
able to distinguish 

between species. 

Some work has 

been done but 

not to the point 

where species 

can be identified 

Some work has 

been done but 

not to the point 

where species 

can be identified 

Not been done for 

diagnostic 

purposes. 

Not been 

done for 

diagnostic 

purposes. 

Not been done 

for diagnostic 

purposes. 

Species in this 

complex have 

overlapping 

host lists. May 

not be able to 
be used as a 

stand-alone 

diagnostic. 

Species in 

this complex 

have 

overlapping 

distributions. 
May not be 

able to be 

used as a 
stand-alone 

diagnostic. 

Good High – for 

adults but Low 

- for larvae 

Bactrocera 
tau species 

complex 

B. tau 
B. heinrichi 

B. bezzii 
and 13 to 15 

other species 

Currently under 
revision (Drew) 

In manuscript 
form under 

revision 
(Baimai) 

Cue lure 
responsive 

Unknown. Unknown. Unkno
wn. 

Published host 
records for B. 

tau s.l. and B. 
heinrichi 

(Allwood et al. 

1999) 

Widespread 
from 

Southern 
China to 

Indonesian 

islands. 

These 
technologies 

are easily 
used and 

available with 

appropriate 
training. 

Generally 
more than 

one technique 

in this group 
is used to 

identify the 
species. 

Good. 

Bactrocera 

cucurbitae 

Complex 

suspected 

Easily distinguishable 

from other species in 
B. dorsalis complex 

(no obvious 

population 
differences).  

Unknown.  Cue lure 

responsive 

Good knowledge. Good 

knowledge 

Comprehensive 

work done by 
Japanese 

researchers. 

Well 

documented 

Well 

documented 

These 

technologies are 
easily used and 

available with 

appropriate 
training. 

Generally more 

than one 

technique in this 

group is used to 
identify the 

species. 

High under 

current species 
definition. 

Poor if 

complex 
exists. 



 

 

 
 

 
 
 

 
 

Anastrepha 
fraterculus 

(SEE 

APPEN-

DIX 5) 

Several 
morphotypes has 

been proposed: 

Mexican, 
Andean and 

Brazilian; at 

least three 
entities within 

Brazil, and 

possible two 
more: Peru and 

Ecuador. 

Preliminary 
evidence in Peru 

also suggest 

genetic 
differences 

among 

populations.  
 

          

 

 
ABy Behaviour a large range of aspects is included: Mating – courtship, time of day, light intensity; oviposition, clutch size, female-female interaction on host fruit, host 

fruit selection, response times (daily patterns TC and KHT of response to parapheromones, daily patterns of male pheromone release, calling), etc. This means that there is a very large list of behavioural aspects 

that could be used.  Standard testing procedures / protocols could be developed in small cages, field cages, etc.  
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Appendix 3. Knowledge gaps in determining the species status of selected Tephritid fruit fly species and 

species complexes: Yes (Y) there are knowledge gaps, No knowledge gaps (N) or techniques are not 

applicable (N/A) 

 

“GENETIC” TECHNIQUES 

 

 
  DNA Cytology Allozymes Genomics Proteo

mics 

Bactrocera 

dorsalis species 

complex 

B. dorsalis 

B. papayae 

B. philippensis 

B. carambolae 

B. invadens 

B. occipitalis 

B. caryeae 

B. kandiensis 

B. pyrifoliae 

Y N/A N/A Y Y 

Bactrocera tryoni 

species complex  

B. tryoni 

B. 

neohumeralis 

B. aquilonis 

B. melas 

 

Y N/A N/A Y Y 

Rhagoletis 

pomonella species 

complex 

R. pomonella 

(possibly two 

putative spp) 

R. mendax  

R. zephyria  

R. cornivora 

Y N/A N/A Y Y 

Ceratitis rosa 

species complex 

C. rosa 

C. fasciventris 

C. anonae 

Y N/A N/A Y Y 

Bactrocera tau 

species complex  

B. tau 

B. heinrichi 

B. bezzii 

and 13 to 15 

other species 

Y N/A N/A Y Y 

Bactrocera 

cucurbitae 

Complex 

suspected 

Y N/A N/A Y Y 

Anastrepha 

fraterculus 

Number of 

species 

unknown.  

Y Y N/A Y Y 
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Appendix 4. Knowledge gaps in determining the species status of selected Tephritid fruit fly species and species complexes:  

Yes (Y) there are knowledge gaps, No knowledge gaps (N) or techniques are not applicable (N/A) 

 

“BIOLOGICAL” TECHNIQUES 

 
   

Morphology 

 

Morphometr

ics 

Male lure response 

(parapheromones) 

 

Developmental 

physiology 

 

Behaviour 

Pheromone 

components, 

concentrations 

 

Host range 

 

Distribut

ion 

Bactrocera 

dorsalis 
species 

complex 

B. dorsalis 

B. papayae 
B. philippensis 

B. carambolae 
B. invadens 

B. occipitalis 

B. caryeae 
B. kandiensis 

B. pyrifoliae 

N Y N Y Y Y N Y 

Bactrocera 
tryoni 

species 

complex  

B. tryoni 
B. neohumeralis 

B. aquilonis 

B. melas 

N N/A N Y Y Y N N 

Rhagoletis 

pomonella 

species 

complex 

R. pomonella 

(possibly two 

putative spp) 
R. mendax  

R. zephyria  
R. cornivora 

N N/A Y Y Y Y N N 

Ceratitis 

rosa 
species 

complex 

C. rosa 

C. fasciventris 

C. anonae 

N (Adults) 

Y (Larvae) 

N/A Y Y Y Y N N 

Bactrocera 
tau species 

complex  

B. tau 
B. heinrichi 

B. bezzii 

and 13 to 15 
other species 

N N/A N Y Y Y Y N 

Bactrocera 

cucurbitae 

 N Y N NO 

(for Hawaiian 

populations) 

NO 

(for Hawaiian 

populations) 

N N N 

Anastreph

a 
fraterculus 

Number of 

species 
unknown.  

Y Y Y Y Description of the 

courtship behaviour in 
the different 

“species”. Complete 
compatibility studies 

within and between 

countries. 

Characterization of the 

pheromone profile in 
different species. 

Identify role in mate 
recognition. 

Unknown for each 

“species” 

Unknown or 

incomplete 
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Appendix 5.  Methodologies employed for the study of the different putative A. fraterculus spp. 

 

 Af 1 Af 2 Af 3 Af 4 Af mex Af 

andean 

Adult Morphology 

(Multivariate approach) 

X X   X X 

Egg morphology X X X X   

Host range X    X  

Isozyme X X   X X 

mtDNA X  ?  X X 

Nuclear DNA X X  X   

Cytology X X X X X  

Pheromone profile X   X   

 

Af 1: A. sp. 1 aff. fraterculus (Brazil and Argentina); 

Af 2: A. sp. 2 aff. fraterculus (Brazil); 

Af 3: A. sp. 3 aff. fraterculus (Brazil);  

Af 4: A. sp. 4 aff. fraterculus (Ecuador and Peru);  

Af mex: A. fraterculus Mexican morphotype;  

Af andean A. fraterculus (Venezuela and Colombia). 

 

 

 


