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Abstract: 
 
Competitive mate between release sterile flies and target wild populations is a key success step 
of SIT. Study of genetic variability and population genetic between SIT strain and wild target 
populations is an indirect method for inference of the mating competitiveness. Some target areas, 
members of insect species complex exist. Thai-Malay Peninsula constitutes areas of overlapping 
habitats for the Bactrocera dorsalis s.s. and B. papayae; members belonging to B. dorsalis 
complex.  
 
In this study, microsatellites markers derived from B. dorsalis and B. papayae were used for 
genotyping of two species collected from Thai-Malay Peninsula. Microsatellites derived from B. 
dorsalis s. s. were tested in populations of B. dorsalis s. s. and populations of B. papayae. 
Statistical analysis (ANOVA) of microsatellite variations, i.e., PCR size, heterozygosity, number 
of alleles and variance repeats, revealed no significant difference between two species (P > 
0.05). Likewise, use of markers derived from B. papayae tested in the same populations also 
showed no significant difference (P > 0.05). However, a significant difference of microsatellite 
variations (P < 0.05) was found if compared two derivatives in each species.  
 
These results suggested that an ascertainment bias between species might not influence on 
different variations. For assignment test, significant gene flow (m ≥ 10%) could be detected 
between species in both sympatric and allopatric areas. This is consistent to the analysis of 
isolation by distance that no significant correlation between genetic and geographical distance 
was detected. These preliminary results suggested that two species in Thai-Malay peninsula still 
exchange their genomes. However, more analyses of population genetic such as genetic structure 
among populations of two species are further required. 
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Abstract: 

Delineation of very closely related species within the B. dorsalis complex presents a number of 
hurdles at the molecular level. Given the very recent evolutionary time frame, and no knowledge 
of the speciating gene(s), any associated polymorphisms arising in non-speciating and likely 
unlinked loci will be subtle. Consequently, the difference between species related 
polymorphisms and natural nucleotide variation within a species may be blurred, as it may also 
be for the morphological characters.  
 
The Objective is to undertake a comprehensive genetics analysis to add to non-molecular data 
produced elsewhere in a wider programme of work. Two approaches are used to assess key taxa 
in the complex for indicative species-level nucleotide polymorphisms, (1) analysis of six 
‘standard’ gene regions amongst ‘nine’ species (two out group non-dorsalis complex species, 
two out group Australian dorsalis complex species and five Asian dorsalis ‘species’, and (2) a 
comparative transcriptome analysis for four of the most difficult taxa B. dorsalis s.s., B. 
papayae, B. philippinensis and B. carambolae to search for novel, potentially anonymous but 
informative gene regions. 
 
Progress to date will be presented including the Bayesian analysis of individual genes which 
confirms the difficulty in identifying genetic boundaries amongst some species (B. dorsalis s.s., 
B. papayae, B. philippinensis) while the others are distinct. This situation is also supported by 
the relative levels of polymorphism revealed in the transcriptome data and for which a 
preliminary description will be presented. Ongoing work is to develop a species tree from the 
combined gene dataset and exploration of the transcriptome SNPs to determine if there could be 
any character-based evidence for the separation of B. dorsalis s.s., B. papaya and B. 
philippinensis.  
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Abstract: 
 
We report the construction of polytene chromosome maps for four pest species of B. dorsalis 

complex, B. phillipinensis, B. papayae, B. carambolae, B. invadens, and compare them to the 
respective chromosome maps of B. dorsalis s.s.  
 
Laboratory colonies of each species maintained at the FAO/IAEA Agriculture and 
Biotechnology Laboratories in Seibersdorf as well as two new colonies of B. dorsalis s.s 
(originated from Saraburi and Nakhon Sri Thammarat of Thailand) were used. Mitotic and 
polytene chromosomes were prepared from brain ganglia and salivary glands of third instar 
larvae.  
 
The mitotic karyotype in all species consists of six pairs of chromosomes including one pair of 
heteromorphic sex (XX/XY) chromosomes. Five long polytene elements (10 chromosome arms) 
were observed in each species. Chromosomal homology among the analyzed species was 
determined by comparing chromosome banding patterns. Preliminary comparative analysis does 
not reveal major differences in chromosome banding patterns among these five species.  
 
Results of this analysis will be presented and discussed. In addition, the results of in situ 
hybridization of two transposable elements, piggyBac and Hopper, on polytene chromosomes of 
the above species will be presented. 
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Abstract: 

 

The South American Fruit Fly is one of the most important fruit fly in Colombia. The taxon is a 
complex of cryptic species and different entities have been characterized in Brazil, Peru/Ecuador 
and Mexico. No comprehensive studies had been carried out in Colombia in order to know the 
taxonomic status of Colombian population. Five different samples were collected:  
 
1. Duitama from guava feijoa (2.500 m); 
2. Cachipay from coffe (1.800 m) in the west mountain chain;  
3. Ibagué from coffe (1.400 m); 
4. Pensilvania from guava feijoa (2.050 m) in the central mountain chain and  
5. Roldanillo from coffee (1.800 m) in the western mountain chain.  
 
Populations were collected and reared in the laboratories at the University of Tolima, Ibagué, in 
artificial diet or in fruits (banana-passion fruit or guava feijoa). Larvae were reared and 
chromosomes were obtained from cerebral ganglia and imaginal discs and C-banding were 
studied following standard procedures. Molecular studies of COII and ITS 1 were also 
performed. The karyotypes of the Colombian populations are different from other previous 
known; the Y Chromosome is smaller than the Brazilian, Equatorian or Mexican ones, with 
larger heterochromatin block. An analysis of Maximum parsimonia was performed with COII 
data, compared to studies of Argentinean and Equatorian populations and it was shown that 
Colombian populations were different from the others. According to results of cytogenetical, 
COII and ITS1 studies, intraspecific variations were found.   
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Abstract: 

 
Bactrocera dorsalis, a tephritid fruit fly species, is the most serious insect pest in fruit production 
throughout every geographic region of Thailand. Other two tephritid pests were identified as 
belonging to the B. dorsalis complex and found in some parts of Thailand are B. papayae and B. 
carambolae.  
 
To prove whether B. dorsalis in any geographic region of Thailand is only one species also B. 
papayae and B. carambolae, the first period of time was focused to twelve wild colonies 
collection of B. dorsalis, six colonies of B. papayae and five colonies of B. carambolae and 
maintained at fruit fly mass rearing facility in Pathumthani province. All colonies of 3 species 
were increased. A potted mango tree in each twelve octagonal field cages were set for the 
experiment. Compatibility mating test of the 2nd - 4th generation within each region were 
conducted. Males at age of 21–25 day-olds of B. dorsalis of two provinces competed for 21 day-
olds females of one province to confirm intraregional compatibility and each province male’s 
sexual maturity. The similar trial was applied to B. papayae and B. carambolae with the males at 
age of 26–30 day-olds competed for 28 day-olds females. Five mated pairs in each replication 
were randomized and individually assessed for number of eggs, egg hatch and larval 
development.  
 
Bactrocera dorsalis, B. papayae and B. carambolae showed the intraregional mating 
compatibility within species. The highest mating ability of B. dorsalis males from the northern 
part was 22 and 23 day-olds, the central part was 21 and 25 day-olds, the western part was 24 
day-olds, the eastern part was 22 and 24 day-olds and the southern part was 21, 23 and 25 day-
olds. The sexual maturity age of B. papayae males from the eastern region was 28 day-olds and 
B. carambolae males from the eastern region was sex matured at 27 and 28 day-olds. 
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Abstract: 

 
Anastrepha fraterculus constitutes a complex of cryptic species which shows considerable levels 
of pre- and post-zygotic reproductive isolation (Selivon, Morgante & Perondini, 1997; Selivon, 
Perondini & Morgante, 1999, 2005; Vera et al., 2006; Cáceres et al., 2009). The differences in 
the sexual activity rhythm and the sex pheromone composition affect this level of pre-zygotic 
isolation (Segura et al., 2011). Considering the hypothesis that physiological and morphological 
differences may affect the chemical composition of the sex pheromone of different populations 
of A. fraterculus, since it acts on an intraspecific context, Cáceres et al. (2009) identified 
qualitative and quantitative differences on the chemical composition of the sex pheromone 
released by A. fraterculus males from populations originated from two South American 
countries: Peru and Argentine.  
 
This year, we were able to perform a series of experiments related to two Brazilian populations 
of A. fraterculus: one wild, obtained from guavas collected in the State of Alagoas, Brazilian 
Northeast region and one laboratory population from the South of Brazil (Caxias do Sul, Rio 
Grande do Sul, Brazil). The morphotype of the first population was not yet determined, however, 
the second population was characterized by Dr. Janisete da Silva Miller as Anastrepha species 2. 
These two species were established under laboratory conditions and a series of experiments were 
carried out to collect the volatiles released by calling males using dynamic headspace and 
analyze the obtaining extracts using GC x GC/TOF-MS.  
 
These analyses focused on ten biologically important antennally active compounds which 
elicited electrophysiological responses on A. fraterculus females from a laboratory population 
maintained in Seibersdorf, Austria, named as: limonene, (Z)-β-ocimene, (3Z, 6Z)-nonadien-1-ol, 
suspensolide, (S,S)-epianastrephin, (S,S)-anastrephin, (Z,E)-α-farnesene, (E,E)-α-farnesene, 
isomer 1 of epianastrephin and isomer 2 of epianastrephin. Significant qualitative differences 
were found on the volatile mixture released by males of the two Brazilian populations studied.  
 
To investigate the general trends in the quantitative composition of the identified volatiles from 
both A. fraterculus populations, the obtained data was analyzed using Principal Component 
Analysis (PCA) and Redundancy Analysis (RDA). The PCA analysis revealed two Principal 
Components (PC1 and PC2), which accounted for 71,4% of the total variation seen among the 
two populations of A. fraterculus studied and shows a visible separation between both 
populations.  
 
These results shows that, at least for the Brazilian populations so far studied, the volatile mixture 
of compounds released by males of both populations may be useful as a diagnostic tool to 
differentiate specimens from both population. 
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Bactrocera invadens Drew, Tsuruta & White – a morphological revision 
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Abstract: 
 
Bactrocera invadens Drew, Tsuruta & White was described in 2005, based on specimens from 
Sri Lanka and Africa. It has always been recognised by dacine taxonomists that some specimens 
fit the definition of Bactrocera dorsalis (Hendel) and a photograph widely used incorrectly 
depicts this species as having an entirely black thorax and dark markings on the femora. Further, 
because the holotype was selected from a series of specimens collected in Africa, the specific 
status of B. invadens becomes confused if there is now more than one species that has invaded 
Africa, or that there is a hybridising population. 
 
For this project, we have studied new collections of specimens from Burkina Faso, Burundi, 
China, Hawaii, Sri Lanka and Tanzania. In particular, we have photographed, illustrated and 
rated the variations in colour patterns on the scutum and abdominal tergum III and undertaken 
new measurements of the length of the male aedeagus. For the African and Sri Lankan 
populations of B. invadens, approximately 70% of specimens possess a red-brown scutum while 
the remainder are black as for B. dorsalis. For the B. dorsalis from China and Hawaii, 80% 
possess a black scutum while 20% have varying levels of red-brown infusion. For abdominal 
tergum III, 86% of B. dorsalis are pale while only 12-14% of B. invadens are pale. The aedeagus 
of B. invadens measured 2.76-2.84mm and that for B. dorsalis 2.69mm. 
 
Given that the majority of B. invadens specimens possess a basic red-brown scutum, sound 
genetic evidence would be required in order to synonymise this species with B. dorsalis. 
 
A number of questions are posed: 
 

1. Could B. dorsalis possess such extreme morphological variations between allopatric 
populations across Asia/South-East Asia? 

2. Could we be recognising host races? 
 
Morphologically, the Sri Lankan and African populations of B. invadens appear to be 
conspecific. 
 
Another complication is that Chinese workers have published a species called Bactrocera 
bivittata Lin & Wang, which could be a synonym of B. invadens. 
 
  



Genetic characterization and morphometric analysis of Bactrocera invadens from different 
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Abstract: 

Screen populations for mitochondrial COI gene:  

A total of 125 samples were extracted for DNA and amplified by the forward primer LCO1490 
and reverse primer HCO2198. The evolutionary history was inferred using the Neighbor-Joining 
method. The first phylogenetic tree was derived from populations of B. invadens from Kenya, 
Uganda, Nigeria (Zaria) and Sri Lanka and populations of B. dorsalis.s.s. The tree separated B. 
invadens populations into two clusters. One cluster consisted of B. invadens populations from 
Kenya, Uganda and some individuals from B. invadens populations of Zaria and Sri Lanka. A 
separate cluster had individuals from Sri Lanka and Zaria clustering together and a clade 
consisting of B. dorsalis population.  

Additional analysis that included samples of B. kandiensis showed that populations of B. 
invadens individuals from Zaria and Sri Lankan clustered on the same branch with B. kandiensis. 
Overall, B. invadens from all the localities analysed seem to be in close genetic proximity to B. 
dorsalis and B. kandiensis.  

The results opens avenue for other molecular markers to be used in order to interpret the 
relationship between them. Indeed, the CO1 gene is just a small region of 650 bp, so the 
intergenetic region between the CO1 and COII should be considered as a second target. 

Screen populations for nuclear (period) gene:  

Although gels produced from phusion taq and gradient PCR were accurate, the sequencing 
results were very poor, with either the sequences being too short (~ 150 bp), which is contrary to 
the expected 650 bp, or too dirty to be analyzed.  

Morphometric analyses involving African and Asian populations of B. invadens:  

Bactrocera invadens populations and the other Bactrocera species belonging to the B. dorsalis 
complex could not be separated by principal component analysis. However, the first two 
principal components separated B. correcta, B. cucurbitae, B. oleae and B. zonata into distinct 
groups.  

Likewise, the projection of the data on the first two canonical variate axes showed a similar 
pattern of separation. Bactrocera invadens populations and the other B. dorsalis species complex 
clustered together while B. correcta, B. cucurbitae, B. oleae and B. zonata distinctly separated.  

Mahalanobis distances used to compare morphometric divergence among populations group 
centroids showed a large degree of segregation in populations outside the B. dosrsalis complex 
and little interpopulation variability within the complex. For example, the largest Mahalanobis 
squared distance (D2 = 122.9) was found to be between B. cucurbitae and B. zonata, followed by 
B. oleae and B. zonata (111.8), B. correcta and B. curcubitae (88.4), and B. cucurbiate and B. 
oleae (68). Comparison of B. invadens populations against B. dorsalis sample gave a square 
distance of 11.4. The smallest distance was between the B. invadens populations and B. 
kandiensis (8.1). 

 

Obtain collections of different populations of B. invadens from Africa and India for DNA 



 

variation analysis, population genotype database and sharing with workers in CRP as required:  

Although efforts were made to import few specimens of B. invadens, B. dorsalis s.s., and B. 
kandiensis from different sources for the above studies, it was difficult to obtain more samples to 
share with partners due to regulations governing the UN Convention on Biological Diversity 
(CBD).  

Collection and establishment of colonies of the FAR group for sharing with CRP participants:  

Colonies of Ceratitis fasciventris, C. rosa and C. anonae were established and specimens were 
shipped to the USA (Dr. Gary Steck), Czech Republic (Dr. Lucie Vanickova), and Belgium (Drs. 
Virgilio and De Meyer) for various activities which will be reported by the recipients of the 
specimens. 
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Abstract: 

The South American fruit fly, Anastrepha fraterculus (Wiedemann), is among the most serious 
agricultural pests in South America. In Brazil, A. fraterculus has been reported to infest 81 host 
species in 20 plant families. A series of morphological and genetic studies have revealed that A. 
fraterculus actually comprises a complex of multiple species. The actual number of putative 
species within the A. fraterculus complex and their associated biogeography is yet uncertain.  

Differences among cryptic species could have significant consequences for pest quarantine, 
management, and eradication. Therefore, it is paramount to study populations from a wide 
geographic range in Brazil in order to capture genetic diversity of this fly.  

Analysis of con-specific variation among Anastrepha fraterculus samples and con-generic 
variation among fraterculus species group samples is critical to resolving evolutionary 
relationships of cryptic species.  

To date, our cooperative research program has obtained over 630 expertly identified Anastrepha 
samples representing nearly 70 species. This includes over 240 A. fraterculus specimens and 175 
specimens representing 17 additional taxa of the fraterculus species group.  

DNA has been isolated from all samples and mitochondrial DNA sequences generated from over 
90% of the material. Methods have been developed for sequence analysis of additional nuclear 
genetic loci. The genetic data sets reveal structuring among populations and species. 
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Abstract: 

 
Many of the DNA sequence variants identified in molecular genetic studies of Ceratitis and 
Bactrocera pest species come in the form of single nucleotide polymorphisms (snps). In many 
systems the ability to systematically collect and organize information derived at this level of 
genetic variation has contributed greatly to the development of genetic maps, the organization 
and annotation of genome level DNA sequence information and the identification of haplotypes 
associated with specific traits and/or geographic isolates of populations of various species.  
 
We report here on the use of the database known as “dbSNP” as a repository for precisely this 
type of information for pest species. The dbSNP database is maintained by the National Center 
for Biotechnology Information (NCBI), and can be used in conjunction with the GenBank 
repository of DNA sequence data (also maintained by NCBI).  
 
We specifically report on the use of the dbSNP database to catalog genetic variants identified in 
mitochondrial gene sequences from Ceratitis and Bactrocera species and populations that we 
have surveyed.  
 
Furthermore, we show how the information maintained in the dbSNP database can be merged 
with the GenBank database in both graphical and analytical modes.  
 
Finally, we discuss how researchers around the world can contribute to the dbSNP database for 
these and other species to make maximize the utility of this information and make it more readily 
available to all interested parties.  
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Abstract: 

 
Three Bactrocera pest species of economic importance- Bactrocera dorsalis sensu stricto, B. 
dorsalis sensu lato (previously known as B. papayae) and B. philippinensis are known to occur in 
different regions particularly in Asia. With the discovery of B. invadens that is now regarded as 
one of the worst insect pest in the African continent, this problem has further compounded the 
existing issue of the three aforementioned species being thought to be able to readily mate with 
one and the other. This is due to the fact that certain data suggest that B. invadens also do not 
discriminate between other sibling species during mating. Thus, a proof-of-concept study was 
initiated in an outdoor cage where equal numbers of males and females (n=25, each sexes for 
each species) of all four species i.e. B. dorsalis s.s., B. dorsalis s.l., B. philippinensis and B. 
invadens were released all at once two hours before dusk into a field cage (3m x 3m x 3m) and 
their mating behaviour recorded. Due to severe delay in getting the necessary approval from the 
local regulatory authority, work was only initiated as recent as January 2012. Out of the 
maximum thereotical number of successful mating pairs of 100, our preliminary investigation 
showed 26% of the flies had mated during dusk (ca. 20 lux) although they were 40 days-old post 
emergence. Generally, both males and females of all species demonstrated non-discrimination of 
receptivity towards other cryptic species except for B. philippinensis females as none of the B. 
philippinensis females released were mated. Further analyses revealed that out of the 25 females 
released, B. invadens females attained the highest mating percentage (44.0%) followed by B. 
dorsalis s.s. (33.33%), B. dorsalis s.l. (28%) and none of the B. philippinensis females mated. 
For males, B. dorsalis s.s. achieved highest mating rate (52%), followed by B. dorsalis s.l. and B. 
philippinensis (20%) and B. invadens (8%). However, only B. dorsalis s.s. females and B. 
philippinensis males copulated successfully with other 3 sibling species. The reason of non-
copulation of B. philippinensis females may be due to age (40 days-old post emergence). Further 
analyses also revealed that non-discrimination of receptivity by female flies towards males of 
other cryptic species had occurred. Females of B. dorsalis s.s. and B. invadens were receptive to 
all four male species including conspecific males resulting in successful copulation respectively. 
However, only B. philippinensis males copulated successfully with other 3 sibling species. Since 
this is the only replication possibly conducted, these findings suggest that in future, with the use 
of the use of younger flies that have attained sexual maturity; and with more replications will 
have the potential to promulgate the novel concept of evaluating mating discrimination involving 
at least four Bactrocera sibling pest species, which have been shown to possess the same sex 
pheromone components, in a large outdoor enclosure.        
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Abstract: 

 
In previous research (IAEA RC: 12644) using multivariate morphometric techniques, our results 
provided conclusive evidence that the Anastrepha fraterculus (AF) complex would be composed 
by 7 morphotypes (Hernández-Ortiz et al. in press). This research also established that some 
biogeographical factors would be implicated in the origin of these natural groups. 
 
One of the goals of the current project is to determine specific morphological traits and their 
usefulness for the recognition and further description of the species involved. In this case we 
analyzed some female characters of three putative species within this complex.  
 
Populations of the Mexican, Andean and Peruvian morphotypes were analyzed, all belonging to 
the Mesoamerican and the NW South American dominions. The Mexican morphotype occurs 
from Mexico to Central America; the Andean morphotype inhabiting the highlands of the Andes 
from Venezuela to Colombia; while the Peruvian morphotype was only found in Ecuador and 
Peru.  
 
We analyzed and discussed some characters of the aculeus tip and wing pattern which resulted 
highly significant for the segregation of these cryptic species. 
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Abstract: 

 
Several studies were carried out using colonies of laboratory reared pest fruit fly species 
established at the FAO/IAEA Insect Pest Control Laboratory at Seibersdorf in Austria as part of 
the FAO/IAEA Cooperative Research Project on “Resolution of Cryptic Species Complexes of 
Tephritid Pests”.  
 
a) Variation in egg sizes between species 
 
Within the B. dorsalis complex species tested eggs of B. carambolae were significantly longer 
and narrower than B. philippinensis. Egg length and width for B. dorsalis and B. invadens were 
not significantly different. Eggs from Anastrepha fraterculus sourced from Mexico and 
Tucuman were significantly longer than those from Peru and Vacaria in Brazil. However 
variations in egg dimensions both within and between cohorts showed substantial variation 
suggesting that egg dimensions between these species (or putative species in the case of A. 
fraterculus), while statistically significant, are not practically so. 
 
Additional studies on developing a standard procedure for determining the number of eggs in 
1mL of water for use in Quality Control determinations used in Sterile Insect Technique rearing 
facilities showed no significant differences between species within the B. dorsalis complex 
(ranging from about 14,500 eggs/mL for B. invadens to 15,800 eggs/mL for B. dorsalis 
following standardised collection and holding protocol. Only Peruvian A. fraterculus were tested 
here (about 17,000 eggs/mL). Other species tested were B. cucurbitae (9,300 eggs/mL), B. 
zonata (15,500), B. tryoni (20,300), A. ludens (20,300), C. capitata (29,800) and B. oleae 
(34,600). 
 
b) Morphology of inter-specific hybrids within the B. dorsalis complex 
 
Under no-choice laboratory conditions where males from one species were housed with females 
from another species were housed together we found that the following crosses resulted in the 
production of fertile hybrids: B. carambolae X B. dorsalis; B. carambolae X B. invadens and B. 
carambolae X B. philippinensis. No other hybridisations were attempted in these tests. 



 

Morphological attributes measured were length of aedeagus, of aculeus, of the dm cell along the 
CuA1 vein and various ratios of these and were compared with those of the parents. Results 
showed that morphological attributes of the hybrids often, but not always, were of intermediate 
value of their parents. For example, dm cell lengths of all hybrids were longer than those of their 
parents. This could be due to differences in adult fly sizes despite larvae being under low 
population stress (i.e. low eggs/g of diet) in all tests. 
 
c) Variations in colour patterns and morphology between individuals within a single species (B. 
dorsalis) 
 
Tests were carried out on morphological attributes (as described above) for one species but 
varying in adult fly size. The insects used were from a long-term laboratory colony of B. dorsalis 
originally procured from Thai mangoes some 50 laboratory-based generations previously. All 
flies used in these experiments were from a single collection of eggs. Adults if varying sizes 
were created simply by seeding varying numbers of eggs/g of diet. Adult flies, reared from 80% 
mature pupae weighing from 4.49mg to 14.14mg, ranged in head width (1.46mm to 2.24mm); 
thorax length (1.56mm to 3.14mm) and wing length (4.41mm to 6.70mm for the right wing). 
Aculeus length ranged from 1.26mm to 1.81mm. Aedeagus length (not including distiphallus) 
ranged from 2.47mm to 3.39mm. These data are compared with published morphological 
attributes for B. dorsalis. 
 
Additional measurements on the degree and expanse of colouration of the ventral portion of the 
abdomen showed remarkable variability between individuals.  
 
d) Field cage trials of B. invadens X B. dorsalis 
 
Several field cage trials were conducted under simulated field conditions with male and female 
flies from both species (B. invadens and B. dorsalis) present in the cage together. The results 
show that the two species will mate with each other under these conditions. When the first 15 
matings were examined it was found that the male B. dorsalis dominated in all matings, both 
intra-specific and inter-specific. 
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Abstract: 

 
1. Study the literature on Bactrocera Macquart of China to understand the situation  
 
There are a few recorded species of subfamily Dacinae in China although the classification of 
fruit fly was begun in 1940s. The more systematic study was made by Mr. Xingjian Wang in 
1996. 22 genera of Dacinae and 13 species of Bactrocera Macquart have been recorded so far. 
The 13 species are B. (Bactrocera) ruliginus Wang, B. (Didacus) hainanus Wang, B. 
(Asiadacus) ruliginus Wang, B. (Zeugodacus) adustus Wang, B. (Bactrocera) stenomus Wang, 
B. (Zeugodacus) guangxianus Zhao, B. (Zeugodacus) parater Zhao, B. (Asiadacus) nadanus 
Zhao, B. (Bactrocera) bivittata Lin & Wang, B. (Bactrocera) flavoscutellata Lin & Wang, B. 
(Bactrocera) wuzhishana Lin & Wang, B. (Zeugodacus) proprediaphora Wang and B. 
(Bactrocera) ruiliensis Wang. Some of the above species may be synonyms if further study was 
done. The overall level of fruit fly classification is based on the morphological characteristics. 
There are no specific studies on B. dorsalis complex specie in China because researchers have 
not realized B. dorsalis including many complex species which has the similar morphological 
characters and just given their name B. dorsalis based the morphological characters without 
further studies. 
 
2. Collecting specimens  
 
Methel eugenol (ME) and Cuelure (Cue) traps were used for trapping fruit flies, in the meantime, 
cooperated with local counterparts to collect specimens from damaged fruits in the south of the 
Yangtze River in mainland China. 
 
Specimens came from Hainan, Yunnan, Guizhou, Guangxi, Hunan, Guangdong, Jiangxi, Fujian 
and Hubei were sorted out according to their morphological characters. Those specimens which 
have typical character of B. dorsalis were picked out and the total number is 17,210.  
 
3. Preliminary study 
 
According to the existing literature about B. dorsalis complex, some preliminary study of 
morphological compare has been done on the B. dorsalis complex specimens collected from 
different places.  
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Abstract 

In order to study factors affecting medfly semiochemical compatibility, we analyzed the 
composition of male sex pheromone of one laboratory and two wild populations of Ceratitis 
capitata. GC×GC/TOFMS and GC-EAD techniques followed by multivariate data analyses were 
used in the study.  

Our results indicate that sex pheromones of males from different populations differ significantly. 
GC-EAD suggests that some of observed differences are perceived by antennae and thus have a 
potential to influence mating performance. GC-EAD analysis shows that antennal sensitivity to 
major pheromone components is equal in both sexes. Data are discussed with respect to sterile 
insect techniques used to control fruit flies. 
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Abstract: 
 
Background:  
 

Two invasive species, Bactrocera invadens and Bactrocera cucurbitae occur in Tanzania, 
inflciting heavy losses to the agricultural sector. There is an information gap on, among other 
things, host range, preference, distribution and whether there are host-races of B. cucurbitae in 
East Africa. Furthermore, the color patterns of B. invadens is highly variable and some of darker 
variants resemble closely Bactrocera cayrae which prompts two research questions; whether the 
species that has been identified as B. invadens is actually Bactrocera caryae and whether the two 
species, B. invadens and B. Caryae co-exist in Africa. 
 
Methodology:  
 
Surveys were conducted covering the main part of Tanzania through the following axes: From 
Coast to North Eastern zones (to the border with Kenya); From Coast to South-Western zone (to 
the borders with Malawi and Zambia); From Central to Southern zone (to the border with 
Mozambique); and from Central to North-Western zone (to the borders with Uganda, Rwanda, 
Burundi and Congo). A GPS (Garmin Gecko 300) was used to record exact geographic positions 
of the different places were traps were set and fruit collected. Tephri traps baited with methyl 
eugenol, cue lure and trimedlure were hung in trees around home gardens in villages and 
townships (located approximately 100 km apart) when travelling up and were removed when 
coming back. The traps were left active for 2 to 3 days were serviced when returning from the 
last point of sampling axis (route). Trapping largely followed guidelines by IAEA (2003). Also, 
samples of different fruits were collected from different locations in these regions. All fruit 
samples were preserved using the methodology explained in Copeland et al. (2002) and 
transported to the rearing facility at the Horticultural Unit of the Sokoine University of 
Agriculture (Morogoro). Samples were cultured for fruit fly emergence up to four weeks after 
which they were discarded. Dry specimens of B. invadens collected from different locations were 
shipped to Professor Richard Drew in Australia for taxonomic resolution. Specimens of B. 
cucurbitae were preserved in 95% alcohol and shipped to the Royal museum for Central Africa 
for analysing relationship between genetic structure and host plant choices.  
 
Results:  
 
B. invadens and B. cucurbitae are widely distributed in the country, from the coastal low lands to 
high altitude inland areas. Preliminary results have indicated that all specimens that have been 
studied belong to B. invadens and none of the specimens collected are of B. caryae. Results also 
show that genetic patterns of populations of B. cucurbitae are not related to host choice. 
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Abstract: 

 
The genetic structure of B. cucurbitae was characterized at different spatial scales by considering 
(a) 25 worldwide-distributed populations (n=570) genotyped at 13 microsatellite loci and several 
samples genotyped at 2 mitochondrial gene fragments (COI, ND6), (b) 17 populations from East, 
West and Central Africa genotyped at 19 microsatellite and 3 mitochondrial gene fragments 
(COI, COII, ND6), (c) 2258 specimens sampled in La Réunion from different wild and 
cultivated host plants and at three altitudinal ranges and genotyped at 10 microsatellite loci and 
at 2 mitochondrial gene fragments. 
 
Microsatellite show that B. cucurbitae can be subdivided into five main worldwide distributed 
groups corresponding to populations from (1) the African continent, (2) La Réunion, (3) Central 
Asia, 4) East Asia and (5) Hawaii. The analysis of inter-regional assignments and the higher 
values of genetic diversity in populations from Pakistan, India and Bangladesh suggest that B. 
cucurbitae originated in Central Asia and expanded its range to East Asia and Hawaii on one 
hand and to Africa and the islands of the Indian Ocean on the other. 
 
Levels of genetic structuring within the African continent are much less pronounced. Still we can 
observe four main population groups colonizing Congo, West Africa, Sudan and East Africa, 
respectively. The Bayesian assignment of STRUCTURE shows further genetic structuring in 
East Africa, with populations from Uganda diverging from those of Tanzania and populations 
from Burundi and Kenya sharing admixture proportions with West African samples. 
 
In La Réunion, three distinct genetic clusters of B. cucurbitae are present which are different 
from the African and Asian groups. Genetically, these 3 clusters are poorly diversified and no 
recent bottleneck was observed. Results also suggest that these clusters show distinct spatial 
distributions in the island and that their genetic structure is linked with environmental factors 
such as altitude or rainfall but not with the nature of host plant (cultivated or wild). Extensive 
gene flow was inferred between clusters in La Réunion. Africa is the most probable source of the 
populations present in La Réunion, though the species in general is confirmed to be of Asian 
origin.  
 
The genetic structure emerging from the analysis of mitochondrial gene fragments is much less 
resolved with only two main groups of B. cucurbitae: one from Asia and Hawaii and the other 
from Africa and La Réunion. 
 
Overall, these data show increasing gene flow at smaller spatial scales and do not provide 
evidence of appreciable cryptic speciation within B. cucurbitae 
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Bactrocera dorsalis, B. papayae, B. philippinensis and B. carambolae are sibling pest members 
within the B. dorsalis species complex of tropical fruit flies. The species status of these taxa is 
unclear and this confounds quarantine, pest management and general research. Bactrocera 
dorsalis is distributed from Pakistan to the Pacific with the Thai/Malay peninsula its southern 
limit. Bactrocera papayae and B. carambolae occur in the south-east Asian archipelago with B. 
philippinensis in the Philippines. 
 
These four taxa were collected from the wild and established as laboratory cultures for which we 
determined levels of pre and post zygotic compatibility. Pre zygotic compatibility was assessed 
by field cage mating trials and post zygotic compatibility was assessed by measuring F1 egg 
viability for all combinations. We also undertook a population-level analysis of these species 
using COI mtDNA and wing shape data. Canonical variate analysis was applied to wing shape 
data generated from 15 landmarks for 169 individuals; and analysis of COI sequence data from 
176 individuals was used to construct a minimum spanning network to determine haplotype 
relationships, apply AMOVA to assess population structure, and for BEAST analysis to infer 
historical gene flow and population expansion rates.  
 
We demonstrate random mating and high egg viability (> 50%) among all pair-wise 
combinations involving B. dorsalis, B. papayae and B. philippinensis. Bactrocera carambolae 
was relatively incompatible with each of these species as evidenced by non-random mating and 
suppressed egg viability (< 40%) for all crosses. Wing-shape data revealed significant 
differences between almost all sites, especially between Taiwan and the Philippines, and a highly 
significant IBD effect. COI data yielded 98 unique haplotypes with no correlation to taxonomic 
designations for B. dorsalis, B. papayae and B. philippinensis; however B. carambolae 
haplotypes were unique to that taxa. BEAST analysis provides a root height and location of 
540kya in northern Thailand, with migration of B. dorsalis into Malaysia 470kya and Sumatra 
270kya. Two migration events into the Philippines are inferred. Sequence data revealed a weak 
but significant IBD effect, with no gene flow evident between Taiwan and the Philippines. 
 
High levels of reproductive compatibility among B. dorsalis, B. papayae, and B. philippinensis 
support the notion they are the same species. Reasons for incompatibility between B. carambolae 
and the other species remain unclear; however we observed differences in the location of couples 
in the field cage for some comparisons. Alongside other factors such as pheromone composition 
or other mating signals, this may lead to reduced interspecific mating compatibility with B. 
carambolae. Wing shape and COI sequence data support B. dorsalis, B. papayae and B. 
philippinensis representing one species structured around the South China Sea, with B. 
carambolae a close but genetically distinct entity for which its taxonomic identity remains 
sound. Based on our data set and sample sites, we propose B. dorsalis has migrated from 



 

northern Thailand into the south-east Asian archipelago and across to the Philippines; with no 
migration between the Philippines and Taiwan.  



Effect of methyl eugenol on the mating compatibility of Bactrocera species in field cages 

 

Ishan Haq
1
, Marc Vreysen

1
, Mark Schutz

2
 and Todd Shelly

3 

 

1FAO/IAEA, Seibersdorf, AUSTRIA 
 
2Queensland University of Technology, Brisbane, AUSTRALIA 
 
3USDA-APHIS, Waimanalo, USA 
 
Abstract: 
 
Males of some Bactrocera species are strongly attracted to the plant-borne compound methyl 
eugenol (ME). Soon after consumption, this chemical is converted into substances that are 
transported by the haemolymph to the rectal gland, where they are incorporated into the male sex 
pheromone. Laboratory and field studies on several Bactrocera species have shown that males 
fed ME attract more females than unfed males and so obtain more matings than unfed males.  
 
The objective of this study was to determine whether consumption of ME influenced the 
incidence of matings between closely related Bactrocera species. Mating trials were conducted 
in standard field cages with the following treatments:  
 
i) males of neither species given ME,  
ii) males of both species given ME,  
iii) only males of species A given ME, and  
iv) only males of species B given ME.  
 
Trials were completed for two pairs of species: B. dorsalis x B. carambolae and B. dorsalis x B. 
invadens. Somewhat unexpectedly, ME consumption generally had no effect on the frequency of 
intra- or interspecific matings.  
 
Compatibility between strains may be defined using the Isolation Index (ISI) by noting whether 
the 95% confidence interval includes zero (random mating; indicates compatibility) or does not 
include zero (indicates incompatibility). Based on this criterion, B. dorsalis and B. carambolae 
were incompatible, while B. dorsalis and B. invadens were fully compatible. Additional tests are 
planned to bolster these results.   
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Abstract: 

The evolution of reproductive isolation between populations leads to speciation, either through 
isolation pre- or post-zygotic (Orr & Turelli 2001; Shluter 2009). Both the types of isolation 
have been demonstrated in populations of Anastrepha fraterculus (Selivon et al. 1999; Teresa et 
al. 2006; Cáceres et al. 2009), however, little is known about the sexual compatibility among 
different populations of this complex in Brazil, where there are three of four morphotypes 
described for Americas (Morgante et al. 1980; Selivon et al. 2005). Studies to clarify their status 
are important for SIT application and understanding of speciation processes in the complex.  

In this study the sexual compatibility of populations from southern, southeastern, and 
northeastern Brazil was evaluated. In total, 13 populations were collected (Northeast: Conceição 
do Almeida-BA, Una-BA, Jequié-BA, Monte Alegre-RN, Parnamirim-RN, Nísia Floresta-RN; 
South East: Piracicaba-SP; and South: Bento Gonçalves-RS , Pelotas-RS, Vacaria-RS, Ipê-RS, 
São Joaquim-SC, Lages-SC). The preliminary sexual compatibility tests, were carried out in field 
cages, with five combinations:  
 
(1) Pelotas x Bento Gonçalves,  
(2) São Joaquim x Bento Gonçalves,  
(3) São Joaquim x Vacaria  
(4), Monte Alegre x Vacaria, and  
(5) Vacaria x Piracicaba.  

Compatibility was evaluated by estimating the Index of Sexual Isolation (ISI). To assess the 
mating propensity of males and females of both populations were used complementary indices, 
such as Male Relative Performance Index (MRPI) and Female Relative Performance Index 
(FRPI). The homogeneity of the ISI was evaluated by chi-square test. Studies on behavioral 
repertoire and lek formation of these populations are in progress.  

The results suggest that populations from southern Brazil are compatible with each other (1- ISI: 
0,27 / MRPI: 0,27 / FRPI: -0,09 / X2=3,76; p=0,052; 3- ISI: 0,03 / MRPI: 0,12 / FRPI: -0,02 / 
X2=0,33; p=0,57), except Bento Gonçalves and São Joaquim that showed some level of 
incompatibility (2- ISI: 0,42 / MRPI: 0,16 / FRPI: 0,23 / X2= 4,92; p=0,027). Populations from 
south and southeast also exhibited incompatibility evidence between them (5 - ISI: 0.52 / MRPII: 
-0.09 / FRPI: 0.21 / X2 = 8.57, p = 0.003), as well as the south population when tested with 
northeast population (4 - ISI: 0.52 / MRPII: -0.36 / FRPI: -0.68 / X2 = 4.05, p = 0.04). Although 
the results are preliminary, requiring more replicates, they show evidence that A. fraterculus 
populations from different regions in Brazil may not belong to the same biological entity. 
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Abstract: 
 
Optical and scanning electron microscope observations of immature stages of the Ceratitis FAR 
and Anastrepha fraterculus species complexes are described. The utility of immature stages in 
diagnosing taxa, understanding taxonomic relationships, and identifying species is discussed.  
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Abstract: 

Males of about 80 Bactrocera species are known to be attracted to and compulsively feed on 
methyl eugenol (ME). ME is found in over 450 plant species spanning across 38 orders of 
Plantae. Upon consumption of ME (natural or otherwise), males of the oriental fruit fly, 
Bactrocera dorsalis s. s, and B. papayae (both of which readily interbreed and produce viable 
offspring) were first shown in 1994 to selectively sequester two metabolites - 2-allyl-4, 5-
dimethoxyphenol (DMP) and (E)-coniferyl alcohol (E-CF) - into the rectal gland and 
subsequently emitted as sex pheromone during dusk prior to courtship and mating. B. 
carambolae males, however, sequestered only E-CF in addition to the endogenously produced 
pheromonal components.  
 
We further analysed the profiles of phenylpropanoid metabolites accumulated in the rectal gland 
by other invasive pest species of high economic, and quarantine importance, namely, Bactrocera 
correcta, B. invadens, B. philippinensis and B. zonata. Chromatographic and spectroscopic 
analyses showed that males of the B. dorsalis sibling species, namely, B. dorsalis, B. invadens, 
B. papayae and B. philippinensis, sequestered the same compounds DMP and E-CF in similar 
ratio, while B. carambolae sequestered only E-CF. After consuming ME, males of B. zonata 
accumulated DMP and (Z)-coniferyl alcohol (Z-CF), and B. correcta - (Z)-3,4-
dimethoxycinnamyl alcohol and Z-CF.  
 
In addition, phylogenetic trees generated by aligning nucleotide sequences of amplified 
fragments of COI gene and rDNA showed that the putative B. dorsalis sibling species, especially 
B. dorsalis s. s., B. invadens, B. papayae and B. philippinensis, belong to the same species clade.  
 
These genetic evidences plus the fact that males from the respective sibling species have 
identical rectal pheromone components, as well as mating studies which also showed that they 
can readily interbreed and yield highly viable offspring - strongly suggest that the B. dorsalis 
sibling species are neither distinct biological nor genetic species but the same biological species. 
  



 

Cuticular Hydrocarbons of the South American Fruit Fly Anastrepha fraterculus: 

Variability in Sex and Age 

 

Lucie Vaníčková
1,2

, Aleš Svatoš
a1,3

, Johannes Kroiss
4
, Martin Kaltenpoth

4
, 

Vladislav Vrkoslav
1
, Ruth Rufino do Nascimento

5
, Michal Hoskovec

1
 and Blanka 

Kalinová
1 

 
1Infochemicals, Institute of Organic Chemistry and Biochemistry ASCR v.v.i., 
Flemingovo nám. 2, CZ-166 10 Praha 6, CZECH REPUBLIC 

 
2Department of Chemistry of Natural Compounds, Institute of Chemical Technology in Prague, 
Technická 5, CZ-166 28 Praha 6, CZECH REPUBLIC 
 
3Research Group Mass-Spectrometry, Max Planck Institute of Chemical Ecology, Beutenberg 
Campus, Hans- Knöll-Str. 8, D-07745, Jena, GERMANY 
 
4Research Group Insect Symbiosis, Max Planck Institute of Chemical Ecology, 
Beutenberg Campus, Hans-Knöll-Str. 8, D-07745, Jena, GERMANY 

 
5Instituto de Química e Biotecnologia, Universidade Federal de Alagoas, 
BR 104 Norte Km 14, 57072-970, Maceió, Alagoas, BRAZIL 
 
Abstract: 

 

Insect cuticular hydrocarbons are usually species-specific and may serve for species and gender 
recognition. Therefore, they are widely used in chemotaxonomy and zoogeography of various 
insect taxa.  
 
In order to provide bases for discrimination of the cryptic species hidden within the South 
American fruit fly Anastrepha fraterculus complex (Diptera: Tephritidae), we analyzed the 
cuticular hydrocarbon composition and production with respect to age and sex in a laboratory 
population from Tucuman, Argentina.  
 
Several techniques of gas chromatography and mass spectrometric detection have been used in 
order to develop a suitable method for cuticular hydrocarbons identification i.e. GC-MS in EI 
mode, GC-MS in CI mode, GC×GC/TOFMS and MALDI-MS. Temporal dynamics of cuticular 
hydrocarbon patterns in both sexes were evaluated using multivariate exploratory techniques.  
 
Our analyses revealed a complex profile of aliphatic hydrocarbons in both males and females, 
consisting predominantly of n-alkanes, methyl-branched alkanes as well as mono- and di-
unsaturated alkenes. In young individuals (until about day 5 after emergence), CHC profiles 
were very similar in both sexes. In older flies, however, the profiles diverged and became clearly 
sex-specific.  
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Abstract: 
 
Specimens of Ceratitis fasciventris, C. anonae, and C. rosa (FAR) were collected across the 
African distribution of the three species and genotyped at 16 polymorphic microsatellite markers 
(27 populations, n=621).  
 
Genetic distance analyses allow distinguishing at least five well-supported population groups, 
each including samples from one of the three morphospecies. The Bayesian assignments 
implemented in STRUCTURE show that  
 
(1) C. rosa is represented by at least two clusters of individuals (R1, R2) that can occur in 
sympatry/parapatry,  
(2) C. fasciventris is also represented by at least two clusters (F1, F2) that appear to be spatially 
segregated, and  
(3) C. anonae is genetically more homogeneous and doesn’t show a clear intraspecific 
structuring (cluster A).  
 
Genetic divergences between the C. rosa clusters, as well as between the C. fasciventris clusters 
are comparable to the interspecific divergences observed among C. fasciventris, C. anonae, and 
C. rosa.  
 
Stronger genetic differentiation occurs between the morphologically similar C. rosa and C. 
fasciventris, while C. anonae appears as closely related to both F1 and R2.  
 
Remarkably, C. rosa represents 99.0% and 97.0% of specimens assigned to clusters R1 and R2, 
C. fasciventris 100.0% and 98.7% of specimens assigned to clusters F1 and F2 and C. anonae 
95.4% of specimens assigned to cluster A.  
 
Microsatellite markers appear thus to be a valuable starting point in the molecular diagnosis of 
the FAR complex. 
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Abstract: 

 
Funded through the Ministry of Higher Education, Malaysia (Fundamental Research Grant 
Scheme), a project entitled “Chromosomal studies in two fruit fly species, Bactrocera papayae 
and B. carambolae (Diptera: Tephritidae)” is currently on going in the School of Environmental 
and Natural Resource Sciences, Faculty of Science and Technology, Universiti Kebangsaan 
Malaysia (UKM), Bangi.  
 
The main objectives of the project are to investigate the metaphase karyotypes of two sibling 
species, Bactrocera papayae and Bactrocera carambolae and to prepare microphotographic 
cytogenetic maps based on the salivary gland polytene chromosomes of these species. The 
project is for 3 years (2010-2013). Approximately half-way through its three years duration, the 
key achievements of the project to date are the following:  
 
The initial cultures of the Asian papaya fruit fly, B. papayae and carambola fruit fly, B. 
carambolae were collected from the Horticulture Research Centre, Malaysian Agricultural 
Research and Development Institute (MARDI) in 2010. The lab cultures are being maintained in 
the school laboratory at 25±1°C, 70±10% RH and a photoperiod of 10:14 (L: D). At present 9th 
generation of B. papayae and 7th generation of B. carambolae are running successfully. 
 
Mitotic metaphase chromosomes from larval neural ganglia of these two species have been 
analysed. Both species have six pairs of chromosomes. The detailed karyotype information (the 
number, centromeric index, relative length, arm ratio, chromosome morphology) are presented. 
The male is heterogametic (XY) and the female is homogametic (XX). The chromosome number 
is 12 (10 autosomes + XX or XY). The largest two pairs 2 and 3 are submetacentric. 
Chromosome 4 is metacentric. These 3 pairs are easily identified by their chromosome length 
and arm ratio. The two smallest pairs are acrocentric and very similar to each other in size and 
centromere position. The five autosomes are more lightly stained than the sex chromosomes and 
show chromatid separation. The sex chromosomes are well-differentiated in the set. The X 
chromosome is submetacentric and long while the Y is a dot-like chromosome and totally 
heterochromatic. The Y chromosome is the most deeply stained component of the set. One arm 
of the X chromosome is highly heterochromatic, another arm stained more lightly and does not 
reveal chromatid separation as seen in the autosomes. This situation suggests that this arm of X 
chromosome has characteristics of both euchromatin and heterochromatin.  
 
The analysis of the salivary gland polytene chromosomes showed that the polytene complement 
consists of a total of five long chromosomes (10 polytene arms). The identifying tips of each 
chromosome arm are detected. Efforts are also carried out to locate the characteristic features 
and landmarks of different polytene chromosome arms. No banded sex chromosomes are 
identified.  



 
The results of the project have been presented in several international conferences and also 
submitted to journals.   
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Abstract: 

 
Bactrocera dorsalis s.s. Using several SSRs markers we have developed a population genotype 
database of distribution of variability across the entire known distribution of this species, from 
far East Asia(China), South Asia to Pacific areas. This dataset allowed us to: 
 
-Estimate the degree of relatedness among populations 
-recognize the ancestral home range 
-infer the demographic history. 
 
This data set provides the tool for traceability surveys and for the construction of risk maps. 
 
Anastrepha fraterculus. An enriched SSR library has been constructed and the development of 
species specific SSR markers is in progress in collaboration with the Argentinian group. 
 
Ceratitis capitata. For this model species we are identifying the species specific genes involved 
in mating /host recognition which are under a very specific selection pressure. This is the first 
step for the identification of diagnostic specific markers  
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Abstract: 

 

As a follow up of the studies initiated to evaluate the reproductive compatibility among different 
populations of Anastrepha fraterculus, mating compatibility evaluations were carried out at the 
International Atomic Energy Agency Laboratories in Seibersdorf, Austria, with the following 
populations: México (Xalapa), Perú (Piura), Brazil 1 (Vacaria), Brazil 2 (Piracicaba), Brazil 3 
(Pelotas) and Argentina (Tucumán). Different degrees of sexual isolation were found among the 
tested populations: México and Peru were isolated from all the populations from which they 
were evaluated, while the populations from southern Brazil (Vacaria and Pelotas) were found to 
be compatible with Argentina. In the later case, mating duration was not affected by fly origin 
and there was no evidence of spatial partition of mating location. Moreover, homotypic and 
heterotypic crosses for all possible combinations displayed similar levels of fertility and yielded 
F1 adults without distortion of the sex ratio. F1 hybrid and parental adults produced equally 
viable F2 eggs. On the other hand, the population from Piracicaba showed an intermediate level 
of isolation when confronted with the population from the putative A. sp. 1 aff. fraterculus from 
Argentina. Put together, our results suggest that a large area ranging from Buenos Aires to the 
surroundings of São Paulo could be managed using a single A. fraterculus strain. At the northern 
margin of this area two A. fraterculus morphotypes appear to coexist in sympatry. Additionally 
we evaluated the remating behaviour of females mated with males from their own origin or from 
another population in order to test if female postcopulatory behaviour is affected by male origin. 
The time elapsed between the first and second copula (refractory period) was similar for the all 
the mating combinations while the remating rates were different. Finally, we performed sex 
pheromone collections and initiated studies to characterize male accessory glands’ proteins.  
 

 


