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The implementation of the Sterile Insect Technique in the South American fruit fly Anastrepha 

fraterculus (Wiedemann) is limited due to the taxonomic uncertainties associated with the fact that this 

species has been proposed as being composed of several cryptic species (Steck 1999). Early studies 

revealed differences in morphology (Stone, 1942), karyotypes (Bush, 1962, Selivon et al. 2005), 

isozymes (Morgante et al., 1980), and host preference (Malavasi & Morgante, 1983) among 

populations. Later, new evidence showed clear differences after hybridization experiments (Santos et 

al., 2001, Goday et al. 2006), and also in egg morphology, embryonic development, mitochondrial and 

highly-repetitive DNA, morphometric traits (Gomes Silva 2000, Smith-Caldas et al., 2001, Selivon et 

al., 2003, Rocha & Selivon 2004, Hernandez-Ortiz et al., 2004, Ludeña et al. 2010). Finally, strong 

mating incompatibility was found between two populations (Vera et al., 2006; Cáceres et al., 2009). 

Currently, it is proposed that the nominal species A. fraterculus is a species complex which is formed 

by, at least, seven 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 the Andean highlands and lowlands (Steck, 

1991). A recent comprehensive morphological study provides a full description of these morphotypes 

(Hernández-Ortiz et al. 2012) in which A. sp. 4 aff. fraterculus is referred as the Peruvian morphotype. 

 

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

implementation on a regional scale. This is so, 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 generalized use 

of a genetic sexing strain. 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 and to determine 

those factors involved in the recognition of the sexes and the reproductive barriers. These are the 

main goals of the RC 16038 within the CRP ‘Resolution of Cryptic Species Complexes of Tephritid 

Pests to Overcome Constraints to SIT Application and International Trade’. 

 

For the third year of the CRP, it was proposed to: 

 

 Establish colonies of the putative species at IAEA’s laboratories in Seibersdorf, Austria.  

 Continue with the mating compatibility tests from as many putative species as possible.  

 Characterize aspects of the sexual behavior of each population.  

 Characterize the male sexual pheromone profile of each population and its role in species 

recognition. 

 Characterize the proteins of the male accessory glands.  
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The experimental part was carried out at the IAEA’s Laboratories in Seibersdorf, Austria from 

August until October 2012. Researchers from different countries participated: Juan Rull (Mexico), 

Solana Abraham (Argentina), Francisco Devescovi (Argentina), Maria del Rosario Castañeda 

(Colombia), Kelly Roriz (Brazil), Radka Brizova (Check Republic) and Norma Nolazco (Peru). The 

objectives were met as follows: 

 

Establishment of laboratory colonies at Seibersdorf 

Before the arrival of the researchers, pupae from Colombia, Peru, Argentina, Mexico and Brazil 

were sent to the laboratories from the International Atomic Energy Agency Laboratories in Seibersdorf, 

Austria. Once there, pupae were used to establish new colonies. The location and country form these 

and from the colonies already available at Seibersdorf, as well as the putative morphotypes to which 

they belong, are presented in Table 1. 

 

Table 1: Origin of the populations of Anastrepha fraterculus at the Entomology Unit in 

Seibersdorf, Austria from August – October 2012. 

Location Country Reference name Putative morphotype 

Xalapa Mexico Mex. Mexican 

Ibague Colombia Col. Andean 

Vacaría Brazil Vac. Brazilian 1 

Piracicaba Brazil Pira. Brazilian 1 

Parnamirim Brazil Parna Brazilian 2 

Tucumán Argentina Arg. Brazilian 1 

Piura Peru Peru Peruvian 

 
 
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 ± 6ºC, 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.  

 

The numbers of couples obtained for each mating combination are presented in Table 2. In all, 

five replicates were performed between the Tucuman (Argentina; Brazilian 1 morphotype) and the 
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Ibague (Colombia; Andean morphotype) populations; four replicates were performed between the 

Jalapa (Mexico, Mexican morphotypes) and Ibague populations and two replicates between the 

Peruvian and the Andean morphotypes. 

 

Table 2: Couples obtained for each mating combination in field cage tests. 

Population Col x Col Col x Female Male x Col Male x Female 

Argentina 31 0 0 27 

Mexico 38 1 1 39 

Peru 11 4 4 26 

 

The degree of mating compatibility found between the Andean morphotypes and any of the 

other morphotypes was high as revealed by the Index of Sexual Isolation (ISI) (Cayol et al., 1999) 

(Table 3). The complementary Male relative Performance Index and Female Relative Performance 

Index (MRPI and FRPI respectively) showed equal performance of both populations at the field cage. 

In the case of Peru and Colombia, there was a lower participation of Peruvian flies, but yet the sexual 

isolation was high.  

 

Table 3: Mating compatibility indices for the three mating combinations that involved 
the population from the Andean morphotype and three other morphotypes.  

Population ISI MRPI FRPI 

Argentina 1.00 0.07 0.07 

Mexico 0.95 -0.01 -0.01 

Peru 0.64 -0.33 -0.33 

 

Characterization of the sexual behavior 

Adults from the Colombian population exhibited strong temporal isolation with respect to all 

tested populations. Mating activity for this morphotype began at around 4:00 p.m. with a peak at 

around 6:00 p.m. In contraposition, adults of the Brazilian 1 (Argentina) and Mexican morphotypes 

began mating at release time (around 8:30 a.m.) and finished sexual activity around 11:30 a.m. Adults 

of the Peruvian morphotype mated around noon and could extend sexual activity into early afternoon 

providing the opportunity for some temporal overlap that resulted in some heterotypic crosses.  

 

Pheromone characterization and its role in mate recognition 

 Volatiles from calling males were collected using the methodology from Cáceres et al. 

(2009). Groups of five males were placed in glass holding containers at around 8:30 a.m. Control 

collections included volatiles collected from air passing through the glass chambers containing no 

males. Fifteen minutes after males were placed in the collection chamber, the air and vacuum 

machine was switched on. Collection of volatiles lasted 4 h, covering a significant part of the period of 

sexual activity. Traps containing 20 mg of Super-Q were used to collect volatiles. After each collection 
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period Super-Q traps were removed, wrapped in aluminum foil and stored at room temperature until 

GC characterization.  

 

 For cuticle hydrocarbon extraction males were sexed (several flies together in a cage) and 

fed with normal diet and water. Then, they were washed individually with 500 µl of purified hexane for 

5 minutes in 2 ml glass vials at the age of 21 ± 2 days after being immobilized (-18ºC).  Samples were 

sent to the laboratory of Dr. Blanka Kalinová (Institute of Organic Chemistry and Biochemistry, Check 

Republic) for GC characterization. 

 

In addition, female response to males produced pheromones was tested using two different 

experimental designs. First, two artificial leks (small plastic tulle-capped cages) containing each 15 

males of one morphotype were hung from the roof on opposite sides of a field cage, containing also a 

potted citrus tree in the middle. As a control, one of the two small cages was empty. Twenty-five to 30 

painted females from each of the two tested morphotypes were released 15 minutes later. A 25 cm 

and a 50 cm perimeter were marked around the males. One hour later to the release, location, number 

and type of the females were recorded. Cages were then rotated for a position effect control and an 

hour later a second observation was made. 

 

Test combinations were as follows: 

 

Brazil 1 vs. Peru (4 replicates) 

Brazil 1 vs. Mexico (4 rep.) 

Brazil 1 (Vacaria) vs. Brazil 1 (Tucuman) (3 rep.) 

Brazil 1 vs. empty control (4 rep.) 

 

Under these experimental conditions, females appear to move at random within the field cage 

and seemed attracted to those areas with greater light intensity. Although further statistical analysis 

remains to be performed, there was practically no difference in females’ activity for any of the 

combinations tested (including blank cages). 

 

Second, we tested the experimental design of Shelly (2000) validated by Liendo et al. (2013) 

for A. fraterculus: on opposite sides, each field cage contained two potted citrus trees, where the 

artificial leks were hung. Each artificial lek contained 15 males. No clear pattern of female activity was 

found and only few females of each morphotype were attracted to their respective male lek. Given that 

this experimental design was proven to be informative for A. fraterculus under field cage conditions, 

we consider that the fact that the cages were located in a greenhouse impeded an adequate air 

circulation for the correct emission and reception of the pheromones. Yet further adjustments are 
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necessary to evaluate female response and the role of pheromone emission under natural condition 

on morphotype identification.  

 

Characterization of male accessory gland proteins. 

Accessory gland proteins were extracted from males from Argentina, Piracicaba, Peru, Mexico 

and Colombia. All the laboratory populations (Argentina, Peru, Piracicaba, Colombia) were sexually 

mature and the Mexican population (wild population) was dissected at 9 days old; age at which males 

could have been still immature. Glands were dissected from live A. fraterculus males immersed in 

saline solution (NaCl 0.9%, Parafarm®). Accessory gland and testicles (as control) from 10 males 

were transferred into different Eppendorf tubes with 50 ul of breaking solution and where maintained at 

-80°C. Protein characterization was performed with the SDS-PAGe technique in collaboration of Dr. 

Francisco Berguido, from the Animal Health Department. Preliminary results revealed differences 

among populations (Figure 1).  

 

 

Figure 1. SDS-PAGe gel showing the proteins present in testicles and accessory glands of 
males from Argentina (T), Colombia (C), Peru, (Pe), Piracicaba and Mexico (M). 
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In addition, as a part of the general objectives of the RC, other activities were performed: 

 

Postzygotic evaluation between the Andean morphotype and the Brazilian 1, Brazilian 2, 

Peruvian and Mexican morphohtypes. 

Postzygotic isolation between adults of the Andean morphotype and adults of the Peruvian, 

Brazilian 1 (Tucuman), Brazilian 2 (Parnamirim) and Mexican morphotypes were tested by setting up 

three cages of every possible male-female combination following Rull et al. (2012). Cages contained 

10 males and 10 females and were left under continuous illumination to promote matings under no-

choice conditions. Three to five days after sexual maturity an oviposition device was placed over the 

cages and egg collections were performed every other day. Eggs were recovered and counted under 

stereomicroscope. Egg hatch was verified 4 to 5 days after oviposition and resulting larvae were 

seeded in carrot diet to recover F1 progeny. Different degrees of postzygotic isolation were detected 

between the Andean morphotypes and the other four morphotypes as summarized in Table 4. 

 

Table 4. Percent egg hatch for crosses of the Andean morphotype and four different 

Anastrepha fraterculus morphotypes. 

  ♂                    ♀ Colombia Brazilian 1 Brazilian 2 Peru Mexico 

Colombia 65.5% 56.9% 67.6% 39.9% N.D. 

Brazilian 1 49.3% 75.5% - - - 

Brazilian 2 31.7% - 74.0% - - 

Peru 7.4% - - 80.2% - 

Mexico 22.9% - - - 81.0% 

N.D. no data. 

 

Preservation of specimens 

As part of the commitments with other RC within the CRP, specimens were preserved for DNA 

and taxonomic characterization. Taxonomic and DNA samples of adults were gathered in different 

numbers for the seven A. fraterculus populations available at Seibersdorf which are expected to 

belong to five different morphotypes. Larval samples were also prepared for four of these populations. 

 

Female postcopulatory behavior 

Studies on the renewal of female receptivity were conducted to complete those performed 

during the research visits of 2010 and 2011 and involved the Brazilian 1 (Tucuman) and Peruvian 

morphotypes. Procedures followed those of Abraham et al. (2011). The day of testing, virgin males 
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and virgin females were released into a small cage (15 L approximately) at 7:30-8:00 hours at a 2:1 

sex ratio. Four cages were started to obtain all the possible combinations under no-choice conditions. 

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

pairs were coaxed into test tubes which were then plugged and numbered. The time of detection was 

recorded. Couples were checked every five min. until copulation finished. Also, this time was recorded. 

These females were then used to determine female remating rate. To do so, females 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. During this period, 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. In general results were in agreement 

with those obtained previously and allowed completing the data set. Mating pairs involving 

Argentinean females showed a shorter latency to mate and a longer copula duration involving 

Peruvian females. The refractory period (time elapsed between the first and second mating) was 

similar for the four combinations. Remating rates were different among the combinations. There was a 

tendency towards higher remating rates when Argentinean females were involved irrespective of male 

origin and the combination Peru x Peru exhibited the lowest value.  

 
Conclusions and Further Research 

 

In all, throughout this phase it was possible to incorporate into the analysis of mating 

compatibility among different morphotypes of Anastrepha fraterculus new combinations involving 

mainly the Andean morphotype. Reproductive isolation was revealed at the prezygotic and postzygotic 

level, which enable us to say that the results demonstrate that the Andean morphotype is a distinct 

biological entity reproductively isolated from adults of four other A. fraterculus morphotypes. 

 

It is important to mention that having run the experimental part in collaboration with researchers 

and fellows from different countries, which involved people with experience in evolutionary biology, 

chemical ecology, genetics, behavior and taxonomy, was very profitable and allowed information and 

experience exchange in which all parts were benefited.  

 

Yet it was not possible to obtain sound data that allow us determine the role of chemical 

communication on morphotype (species) recognition. As a consequence, for the following phase 

efforts will be allocated to continue evaluating the already proposed objectives emphasizing this issue 

and with the aim also to incorporate other putative species from the complex.  
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