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Introduction 
 

The South American fruit fly Anastrepha fraterculus (Wiedemann) is highly 

polyphagous (Norrbom, 2004) with a distribution from southern USA to Argentina (Steck, 

1999). It is one of the major wide ranging fruit pests in South America, and consequently a 

target for implementation of environmentally safe control techniques, such as the Sterile 

Insect Technique (SIT). However, the use of SIT against this species is limited due to 

taxonomic uncertainties. Early studies revealed differences among populations in morphology 

(Stone, 1942), karyotypes (Bush, 1962), isozymes (Morgante et al., 1980), and host 

preference (Malavasi & Morgante, 1983). More recently, new studies found evidence of 

strong differences among populations after hybridization experiments (Santos et al., 2001), 

and also in egg morphology, embryonic development, mitochondrial and highly-repetitive 

DNA, morphometric traits (Smith-Caldas et al., 2001, Selivon et al., 2003, Rocha & Selivon 

2004, Hernandez-Ortiz et al., 2004). Finally, strong mating incompatibility was found 

between two populations (Vera et al., 2006; Cáceres et al., 2009). Taken together, these 

evidences strongly suggest that the nominal species A. fraterculus is a species complex which 

is formed by, at least, six different species which are referred to as: A. sp. 1 aff. fraterculus 

(Yamada & Selivon, 2001), A. sp. 2 aff. fraterculus (Yamada & 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). 

 

Clarification of the mating compatibility among different putative species is crucial for 

SIT implementation on a regional scale, because the use of a single strain of mass-reared flies 

for the whole region would be inefficient if high levels of pre-zygotic incompatibility exist 

among different entities of the complex. Such incompatibilities compromise for example the 

possibility of developing genetic sexing strains. Thus, in order to determine which strain is 

effective for each particular area, it is necessary to reveal the mating compatibility level for 

every pair of populations. Although great progress has been made in this sense and the sexual 

compatibility status is known for several pairs of species (Vera et al., 2006) more 

combinations considering all the possible putative species need to be assessed. In addition, it 
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is important to determine the degree of mating compatibility of populations from the same 

putative species but coming from geographically distant locations as the case of sp. 1 aff 

fraterculus which occurs at least in Brazil and Argentina. 

 

For this reasons, in 2010 we submitted a Research Contract to join the CRP aimed at the 

‘Resolution of Cryptic Species Complexes of Tephritid Pests to Overcome Constraints to SIT 

Application and International Trade ’ with the objectives of: 

 

1) Perform mating compatibility tests from as many putative species as possible with 

emphasis in obtaining populations from the extremes of the geographical distribution 

(Mexico – Southern Brazil or Argentina), altitudinal distribution (low and high lands 

from Colombia, Venezuela or Peru) and from different host species.  

2) Characterize aspects of the sexual behavior of each population.  

3) Determine the occurrence of post-zygotic isolation among populations.  

4) Characterize the male sexual pheromone profile of each population. 

5) Study the sexual behavior of the hybrids. 

 

During the first year, research was focused on objectives 1 to 4. The experimental part 

was carried out during the research visits of Agr. Ing. Solana Abraham (FAZ-CONICET, 

Argentina) and Dr. Juan Rull (INECOL, Mexico) at the laboratories of Seibersdorf and 

counted with the contribution of Dr. Adalecio Kovaleski (EMBRAPA, Brazil) who was in a 

sabbatical visit and joined the project. Mating compatibility from four populations (one from 

Mexico, two from Southern Brazil and one from Argentina) was evaluated under field cage 

conditions. In addition, the occurrence of post-zygotic isolation among those populations was 

also determined and other sexual parameters that could provide information related to 

existence of reproductive isolation among populations, like modulation of female receptivity 

and sperm transfer were investigated. Finally, samples were sent to Dr. Blanka Kalinova to 

the laboratories of Institute of Organic Chemistry and Biochemistry, Academy of Sciences of 

the Czech Republic, in order to perform extracts of the pheromones from the males and to Dr. 

Janisete Silva from the Universidade Estadual de Santa Cruz, Brazil, for DNA studies. 
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Material and Methods 

I) Mating compatibility test (pre-zygotic isolation) 

Source of flies 

 

Wild material was obtained from one locality in Mexico and two localities in Brazil to 

initiate laboratory cultures at the International Atomic Energy Agency Laboratories in 

Seibersdorf, Austria. These laboratories provide the required quarantine security to permit 

working with a species with such taxonomical uncertainties. Import permits were obtained 

and material sent to Austria. Once the material arrived at destination, flies were used to 

establish colonies under relaxed rearing conditions. This allowed material to be synchronized 

and removed any possible detrimental effect of the shipments. For all the populations, 

specimens of both sexes were preserved in ethanol and sent to Dr. Vicente Hernández-Ortiz 

(INECOL, Mexico) for confirmation of taxonomical identification. A laboratory strain from 

Argentina was also included in the analysis. This strain has been proven to be compatible with 

wild populations from Argentina. Origins of the four populations are presented in Table 1. 

 

Table 1: Origin of the populations of Anastrepha fraterculus received as pupae at the 

Entomology Unit in Seibersdorf, Austria. 

Location Country Type of material Reference name 

Jalapa México Wild Mex. 

Vacaría Brazil Wild Vac. 

Pelotas Brazil Wild Pel. 

Tucumán Argentina Laboratory strain Tuc. 

 

Compatibility tests 

 

Mating compatibility tests were carried out in a screened field cage with host trees 

inside following standard procedures (Manual for Quality Control, FAO/IAEA/USDA 2003) 

in a greenhouse with controlled temperature and humidity (25 ± 6 ºC, 60-90 %). Sexually 

mature virgin males from two populations were released into the cage early after sunrise. 

Around 15 minutes later, virgin females of the same two populations and age were released 

into the cage. During a certain period, mating pairs were collected and the origin of the flies, 

the location of the couple, and the duration of mating, were recorded.  
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Data analysis 

  

In order to determine the degree of mating compatibility among populations, the Index 

of Sexual Isolation and complementary MRPI and FRPI (Cayol et al., 1999) were estimated. 

ISI values range from -1 (complete negative assortative mating; i.e., all matings are with 

members of the opposite population) through 0 (random mating) to +1 (complete positive 

assortative mating; total mating isolation of the two populations). In general, values of ISI 

consistently larger than 0.5 suggest that some mating isolation (positive assortative mating) 

took place.  

 

II) Post-zygotic isolation 

Crosses 

Progeny was obtained from groups of approximately five couples from specific origins 

which was transferred to Plexiglass cages and allowed to oviposit. Females were provided 

with an artificial egg-laying device (an agar ball wrapped with parafilm) to collect eggs. Eggs 

were counted to determine fecundity and either incubated in moist Petri dishes to determine 

fertility. After hatched, larvae were placed on artificial larval medium (carrot diet). The 

following variables were recorded: number of eggs laid, egg hatch, larval viability, adult 

emergence and sex ratio. In the case of was possible (some crosses failed to occur or yield F1 

progeny) adults emerging from F1 pupae from each of the combinations were allowed to mate 

freely, and then exposed to artificial oviposition devices. Recovered eggs were incubated as 

described above to record, number of eggs laid per female and egg hatch.  

 

III) Female remating modulation and sperm transfer  

Source of flies and first copulation 

 

Female receptivity modulation and sperm transfer were determined in crosses involving 

two laboratory strains which are reared at Seibersdorf laboratories, one from Argentina and 

and one from Perú. The day of testing, 120 virgin males and 60 virgin females were released 

into a small cage (15 L approximately) at 7:30-8:00 hours. Four cages were started and 

couples were obtained under no choice conditions, resulting in four treatments which involved 
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the four possible mating combinations: Peru females x Peru males; Argentina females x 

Argentina males; Peru females x Argentina males; Argentina females x Peru males. Cages 

were checked for copulating pairs at 10-min intervals for 6 h after releasing the flies. This 

time was chosen given that Argentine populations of A. fraterculus exhibit a narrow period of 

mating activity early in the morning (Petit-Marty et al., 2004; Vera et al., 2006) and the peak 

of mating activity for Perú is around midday (Vera et al., 2006). Copulating pairs were 

carefully coaxed into test tubes which were then plugged, numbered and time of detection 

recorded. Couples were checked every five min until copulation finished and this time 

registered. After the end of copulation, a set of females was used to determine female 

remating rate and refractory period, and another set was dissected for sperm count.  

 

Remating evaluations 

 

Those females taken to determine remating rate and duration of the refractory period 

were kept singly in 250 mL plastic containers with water and adult diet. Two days after, they 

were offered two sexually mature virgin males of the same female origin for a period of six 

hours. If no copulation occurred after the 6-h period, the two males were removed from the 

container. This procedure was repeated every 48 hours three times a week for three weeks. 

Non-remated females were offered an oviposition substrate consisting in an agar (30 gr of 

agar in 500 mL of water) cylindrical slice (3 cm diameter and 2 cm high) wrapped in 

parafilm® that was replaced every 48 h to serve as an oviposition substrate. Five hundred 

eggs were collected for each combination with a thin twizzer, lined over a black filter paper 

placed over a moist cloth in a Petri dish. Eggs were counted and incubated at 25 ± 1 ºC for 

five days to determine egg hatch. 

 

Sperm counts 

 

The other set of females was dissected between 2 and 10 h from the end of copulation 

under a dissecting microscope using a 60x magnification following Taylor et al. (2000) and 

Twig & Yuval (2005). The total amount of sperm will be determined under a 400x 

magnification with a microscope. 
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Data analysis 

  

Latency to copulation was estimated by recording the time between the flies release and 

the time the couple engaged. Copula duration was estimated by recording the time the couple 

engaged and the time they separated. The refractory period was estimated as the time, in days, 

between the first and the second copulation. Remating rate was estimated as the percentage of 

females that copulated twice. Latency to copulation, copula duration and refractory period 

were compared by means of a one-way ANOVA. Differences among means were determined 

by means of a Tukey test. Non-parametric Kruskal-Wallis was applied when ANOVA 

assumptions were not achieved and multiple comparisons were analyzed by Dunn’s test. All 

analyses were done with InfoStat (2009). Proportions of eggs hatch were compared by a 
2
-

test.  

 

Results and Discussion 
 

I) Mating compatibility test (pre-zygotic isolation) 

In all the cases, the flies were sexually active at the same time of the day (early in the 

morning). Sexual Compatibility Indices showed behavioral isolation between two of the 

populations analyzed (Table 2), indicating that the populations analyzed are not fully mating 

compatible. Total mating compatibility was detected among Tucumán, Pelotas and Vacaría, 

but not between Tucumán and México. With respect copula duration, copulations were 

shorter when Mexican females were involved, irrespective the male origin. 

 

Table 2: Sexual Compatibility, expressed by means of the Index of Sexual Isolation 

(ISI) for each mating combination analysed, differences in copula duration (CD) 

between heterotypic and homotyipic crosses and number of replications (N).  

Mating combination ISI CD N 

Pel. – Vac. 0.12 n.s. 8 

Pel. – Tuc. 0.22 n.s. 8 

Vac. – Tuc. 0.10 n.s. 8 

Tuc. – Mex 0.78 *** 4 

n.s. = non significant. *** = significant (P < 0.001). 
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II) Post-zygotic isolation 

The populations analyzed were México, Tucumán, Pelotas and Perú. The combination 

of populations, the number of replications, the fecundity and fertility of the parental crosses 

and the F1 are presented in Table 3. 

 

Table 3. Fecundity (number of eggs) and fertility (percentage of eggs hatch) of the homotypic 

and heterotypic parental crosses and the F1 of the different populations of Anastrepha 
fraterculus. 

Combination 

(male-female) 

N Fecundity Fertility 

(%) 

Fecundity 

F1 

Fertility 

F1 

Mex. - Mex. 9 440 96 162 98 

Mex. - Tuc. 8 165 46 314 40 

Tuc. - Mex. 6 0 - - - 

Tuc. - Tuc. 8 187 81 * * 

Pel. - Pel. 8 320 86 * * 

Pel. - Mex. 3 108 43 292 0 

Mex. - Pel. 6 40 79 179 85 

Perú - Perú 7 416 74 268 74 

Mex.- Perú 7 277 64 143 79 

Perú - Mex. 6 0 - - - 

*Data still being obtained. 

 

III) Female remating modulation and sperm transfer  

Mating pairs involving Argentinean females showed shorter latency to mating (H = 

10.73; df = 3; P = 0.013) and longer copula duration (H = 37.15; df = 3; P < 0.001) than 

mating pairs involving Peruvian females. Refractory period was similar in four combinations 

(F = 0.31; df = 3, 23; P = 0.082). Remating rates were different among the combination, but a 

statistical analysis was not carry out due to small sample size. However, the tendency showed 

that remating rates were higher when Argentinean females were involved irrespective of male 

origin (Table 4). 
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Table 4: Latency to copulation (hh:mm), copula duration (hh:mm) Refractory period (days) between first and 

second copulation and remating rates (%) in the four combinations of two populations of A. fraterculus. Mean ± 

ee (N). Within each column, means followed by a different letter were statistically different (P < 0.05). 

Combination  

(male x female) 

Latency 

(hh:mm) 

Copula duration 

(hh:mm) 

Refractory  

period (days) 

Remating  

rate (%) 

Arg. – Arg. 00:55 ± 00:08 (40) a 00:48 ± 00:03 (40) b 14.6 ± 2 (12) a 75.0 (15) 

Perú – Arg. 01:25 ± 00:16 (23) ab 00:52 ± 00:04 (23) b 14.8 ± 2 (6) a 75.0 (8) 

Perú - Perú 01:34 ± 00:12 (36) b 00:27 ± 00:04 (36) a 17.2 ± 5 (4) a 55.5 (9) 

Arg. - Perú 02:04 ± 00:16 (36) b 00:29 ± 00:04 (36) a 16.6 ± 1 (5) a 45.4 (11) 

 

The differences in latency and copula duration found before by Vera et al. (2006) and 

Cáceres et al. (2009) were confirmed in this study. There were no differences in refractory 

period but this may be due to small sample size. However, the tendency with respect 

refractory period and rematig rate showed that Argentinean strain is more polygamous than 

the Peruvian strain. Taking the evidence together, females seems to exert the control in the 

variables measured. 

 

Twenty females of each category were dissecting to determine the amount of the sperm 

stored in homotypic and heterotypic crosses. The amount of sperm stored was not counted 

yet. The differences in percentage of eggs hatch between crosses involving females of the 

same origin and males of different origins (Table 5) suggest that there will be differences in 

this variable among the different mating combinations.  

 

Table 5: Percentage of eggs hatched in the four combinations of two populations of A. 

fraterculus. Means followed by a different letter between crosses involving females of 

the same origin were statistically different (2 test, P < 0.001). 

Combination  

(male x female) 

Number of eggs 

hatched 

Number of eggs 

unhatched 

% eggs 

hatched (N) 

Arg. – Arg. 305 195 61.0 (500) b 

Perú – Arg. 244 256 48.8 (500) a 

Perú - Perú 464 36 92.8 (500) b 

Arg. - Perú 321 179 64.2 (500) a 
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Conclusions and Further Research 
 

In all, throughout this phase it was possible to analyze the mating compatibility among 

different populations of Anastrepha fraterculus. This is relevant to assess the feasibility of 

implementing the sterile insect technique against this major fruit pest of South America. The 

analysis has revealed some evidence of pre-zygotic isolation within some populations. This 

fact is of paramount importance for SIT programs and should be confirmed in every particular 

case between the target population and the mass-reared flies to be released. These results 

represent evidence to support the idea that A. fraterculus populations are sufficiently 

reproductively isolated to show some degree of genetic variation resulting in different 

subgroups. In practical terms, these results strongly suggest that any SIT approach should be 

performed with a mass-reared strain derived from the target population or from a 

geographically close population. Regional efforts should be initiated to determine the 

delimitations of each subgroup, and thus determine closely related populations. Interestingly, 

this study has revealed the presence of total compatibility among the Southern Brazilian and 

the Argentinean population confirming that they belong to the putative A. sp. 1 aff. 

fraterculus. This is of particular interest given that both countries are devoting great efforts to 

develop and implement SIT against A. fraterculus. The results obtained here are encouraging 

and envision the possibility of using one single strain to be released in the region. In this 

respect, it is important to include populations from neighboring countries such as Uruguay, 

Paraguay and Bolivia in order to determine the range of A. sp. 1 aff. fraterculus. Results 

should also be supported with field studies in the areas of interest.  

 

As a consequence, for the following phase efforts will be allocated to continue 

evaluating the already proposed objectives the emphasizing the incorporation of other putative 

species from the complex (particularly A. sp. 2 aff. fraterculus and the Colombian and 

Venezuelan populations) and populations from neighboring countries from Argentina and 

Brazil. Emphasis will also be placed in collecting pheromone extracts and obtaining 

pheromone profiles.  
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