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Introduction 

 

Anastrepha fraterculus, known as South American fruit fly, is a polyphagous species, attacking 

over 67 plant hosts and being considered as the most important pest of native fruits in South America 

(Alberti et al 2008, Dutra et al 2007). It is a major pest in apple orchards in south of Brazil.  

Despite its economic importance and interest in control methods environmentally friend as SIT, 

there is a lack of information on biology, taxonomy and behavior (Sciurano et al 2007). The high level of 

variability among natural population of A. fraterculus suggests that is a complex of sibling species and 

not a single biological entity (Stone 1942, Malavasi & Morgante 1982, Steck 1991, Selivon 1996, Vera et 

al 2006).  

In Brazil genetic and behavioral studies on mating choice, indicate the hypothesis of at least 

three different species group in the country (Fig. 1) -  from the southeast (mainly Sao Paulo) and 

northeast (mainly Bahia and Rio Grande do Norte) (Morgante et al 1980, Selivon 2005). 

Some studies indicate that there are morphological and genetic diversity in the fraterculus 

complex that associated with reproductive barriers should result in reproductive isolation and hence an 

incipient speciation (McPheron et al 1999, Silva 2000, Selivon 2005).  

The assessment of pre and post zygotic isolation mechanisms present among the natural 

populations based on behavioral and demographic aspects is crucial to define their taxonomic status 

and will support the implementation of a SIT program for A. fraterculus in Brazil.  
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Fig. 1. Distribution of the three A. fraterculus morphotypes in Brazil according Morgante et al.1980 and 

Selivon 2005 data.   

 

The study would bring the selection of A. fraterculus population to be mass reared at Medfly 

Rearing Facility Brazil, establishment of its colony, irradiation doses to be applied for insect sterilization 

and test of competitiveness and sterility with selected strain. 

The major goal of this project is try to answer the question if the A. fraterculus populations 

distributed in different regions of Brazil comprise a complex of sibling species or is just one single 

species. The assessment will be leading on demographic parameters (evaluation of post-zygotic isolation 

mechanism) and behavioral ones (evaluation of pre-zygotic isolation mechanism).  

This report describes the initial behavioral tests concerning lekking behavior and calling patterns 

tests of behavior of a A. fraterculus strain from southern Brazil (Santa Catarina). In addition, it is 

reported the initial results of mating compatibility between two strains of A. fraterculus, one from 

southern Brazil (Rio Grande do Sul) and another from the southeast (Sao Paulo).  

 

Materials and methods 

 

1. Collection and maintenance of A. fraterculus populations  

Fourteen populations of A. fraterculus from south. southeast and northeast regions of Brazil 

(Table 1) were collected and have been reared on laboratory (Institute of Biology, UFBA), according IAEA 

protocols (USDA/FAO/IAEA 2003), since September 2010. The strains have been reared at relaxing 

conditions and using fruit (papaya) as oviposition and larval rearing substrate. Some populations did not 

survive to the next generation (Table 1 asterisk). 
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Table. 1. Populations from different regions of Brazil collected for experiments.  

SITE GEOGRAFIC COORDINATES HOST ALTITUDE (m) 

  1     Ipê - RS 28° 49' 12" S 51° 16' 44" W Feijoa sellowiana 691 

 
2     Pelotas - RS 31° 46' 19" S 52° 20' 34" W Pisidium cattleianum 750 

 
3     Bento Gonçalves - RS 29° 10' 15" S 51° 31' 08" W F. sellowianaand P.cattleianum 7 

 
4     Vacaria - RS 28° 30' 43" S 50° 56' 02" W F. sellowiana  971 

 
5     Lages - SC 27° 48' 57" S 50° 19' 33" W F. sellowiana  916 

 
6     São Joaquim - SC 28° 17' 38" S 49° 55' 55" W Campomanesia xanthocarpa 1360 

 
7     Piracicaba - SP 22° 43' 30" S 47° 38' 56" W P. guajava 547 

* 8     Conceição do Almeida - BA 12° 48' 32" S 39° 09' 50" W P. guajava 190 

* 9     Jequié - BA 13° 51' 28" S 40° 05' 02" W P. guajava 215 

* 10   Livramento de Nossa Senhora - BA 13° 38' 34" S 41° 50' 27" W Spondias mombin 500 

* 11   Una - BA 15° 17' 34" S 39° 04' 30" W P. cattleianum and P. guajava 503 

* 12   Monte Alegre - RN 06° 04' 04" S 35° 19' 55" W P. guajava 52 

* 13   Natal - RN 05° 47' 42" S 35° 12' 32" W P. guajava 20 

  14   Parnamirim - RN 05° 54' 57" S 35° 15' 46" W P. guajava 53 

 

* Populations that did not survive to the next generation. 

 

2. Lekking behavior tests  

 

Lekking behavior was assessed in outdoor field cages (2.30 m x 1.50 m x 2.30 m) containing two 

Ficus trees. Experiments were performed on Ondina Campus of the Universidade Federal da Bahia, 

Salvador, Bahia State, Brazil and followed general methodology described in Segura et al. (2007). 

Observations ranged between 7:00 AM to 11:00 AM, covering the period of sexual activity as observed 

in the laboratory. At the beginning of the experiment, fifteen males of one strain (Bento Gonçalves or 

Vacaria or São Joaquim or Piracicaba) were released into each cage. Fifteen min after male release, the 

position and activity of each male inside the cage was recorded. This recording was repeated every 15 

min during all observation period. One hour after the release of males, females were released into 

the cage. To determine the position of the males inside the tree, all trees were divided in 24 sectors in a 

3 dimensional arrangement (Segura et al, 2007): (1) according to cardinal axes were defined four 

quadrants (NE, NW, SW, and SE representing the northeastern, northwestern, southwestern, and 

southeastern quadrants, respectively); (2) regarding tree height were defined 3 evenly-spaced sections 

of the canopy (1 for the lowest third, 2 for the middle third, and 3 for the highest third); and (3) 

according to the depth of the leaves in the canopy were defined 2 sectors (P), for leaves situated 

approximately 5 cm from the periphery or edge of the canopy, and (C), for central or core leaves. Also 

was record the male’s position in the canopy, considering three possibilities: stem and leaves (abaxial 

and adaxial). Each field cage was performed on different days.  
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3. Mating compatibility tests 

The preliminary sexual compatibility tests were carried out in field cages with the following 10 

combinations:  

- Pelotas vs Bento Gonçalves  

- São Joaquim vs Bento Gonçalves 

- Vacaria vs São Joaquim  

- Vacaria vs Bento Gonçalves  

- Piracicaba vs Bento Gonçalves  

- Piracicaba vs Vacaria  

- Piracicaba vs São Joaquim 

- Natal vs Bento Gonçalves  

- Natal vs Vacaria 

- Natal vs Piracicaba 

The assays were carried out in field cages (3x3x3 m), following the general protocols from the 

Quality Control Standard Procedures (USDA/FAO/IAEA 2003). Sexually mature virgin flies (25 males and 

25 females of each strain) were released into the field cages and mating observations were done by 

three hours. The mating pairs were collected and evaluated in terms of the Index of Sexual Isolation 

(ISI), the Male Relative Performance Index (MRPI) and the Female Relative Performance Index  (FRPI) 

(FAO/IAEA 2003).  

 

4. Analysis of courtship behavior units 

 

Preliminary lab experiments with video recording in order to characterize the courtship behavior 

units and their sequence for each population were performed at Universidade Federal da Bahia. Two 

males were released in a lab cage (9x7x9cm) with a Eugenia uniflora leaf as substrate for interaction. 

Five minutes after male sexual pheromone release one female was released into the cage and the video 

recording was begun with digital video camera (capacity for 30 frames/second). The videos were made 

in AVI format by Geo Vision 800 program and the behavioral sequence patterns of courtship were 

analyzed using EthoSeq Software (Japyassú et al, 2006). The EthoSeq is designed to extract probabilistic 

behavioral sequences (tree-generated sequences) from observational data (Japyassú et al, 2006). 

The courtship behavior units assessed (according Cendra et al, 2011 with adaptations) were: 

1. CALLING (CA): there is a drop of pheromone on the  anal extreme of the male; 

2. FANNING (FA): quick and strong fluttering, intermittent or continuous; 

3. GRACEFULL (GF): pheromone release together with body arching movements; 

4. SPIN (SP): Male rotates about its axis with a strong fanning; 
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5. WING SIGNALLING (WS): alternate or simultaneous movements of the wings forward and 

backward; 

6. FIGHT (LU): apparently aggressive interaction where male or female pushes back the other one 

or strikes the other with his/her head. 

7. ATTEMPT (AT): male jumps on or mounts the female, attempting copulation; 

8.  MARKING LEAF (ML): males touch the leaf with their evaginated anal membranes;  

9. MATING (MT) : the flies are mating; 

10.  RELAX (RE): wings in a relaxed position, near the body; 

11.  STATIONARY (ES): male remains in the same spot, just standing or cleaning himself; 

12.  MOBILE (MO): male is walking or flying. 

 

 

Results and Discussion 

 

 

1. Lekking behavior and calling pattern 

The populations studied from Southern and Southeastern Brazil showed a very short peak of 

sexual activity within the first hour of observation. This is evidenced by the high number of males resting 

or walking (Figs. 2.d, 3.d, and 4.d), since the duration of the experiment exceeded the peak of sexual 

activity (the observations were made up to 3 hours after the sexual activity peak). 

The position of males (Figs. 2a, 3a, and 4a) in the tree was variable probably because of the 

physical conditions of the moment. However, peripherical and high position on the tree (both with 

higher light incidence) were frequently chosen by males (Figs. 2b,c; 3b,c; and 4b,c). 

The preliminary lekking behavior tests were important to determine the time of sexual behavior 

peak (when most of mating behavioral units occurred). The knowledge about the peak of sexual activity 

is important in order to obtain ISI, MRPI  and FRPI. 

 



 6

 
 

Fig 2. Total of males observed from Vacaria in each part of the tree throughout the observation period (from 

7:00 to 11:00): (a) number of males at each quadrant, (b) number of males in each height, (c) number of males in 

peripheral and core leaves, and (d) number of males for each activities within the leks.  
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Fig 3. Total of males observed from Bento Gonçalves in each part of the tree throughout the observation 

period (from 7:00 to 11:00): (a) number of males at each quadrant, (b) number of males in each height, (c) number 

of males in peripheral and core leaves, and (d) number of males for each activities within the leks.  

 

 

Fig 4. Total of males observed from Piracicaba in each part of the tree throughout the observation period 

(from 7:00 to 11:00): (a) number of males at each quadrant, (b) number of males in each height, (c) number of 

males in peripheral and core leaves, and (d) number of males for each activities within the leks.  

 

 

2. Mating compatibility  

 

Mating compatibility and relative performance for all tested populations are presented in Table 2. 

In general the populations from southern Brazil (Vacaria, Pelotas, Bento Gonçalves e São Joaquim) 

showed full mating compatibility, but the opposite was detected when these populations were 

compared with Piracicaba (southeastern Brazil) and Natal (northeastern Brazil) (Table 2). However, the 

results with Natal population are still preliminary considering the use of parental flies that were not 

adapted to semi-natural conditions; circumstances reflected in the low participation of males and 

females of this population as shown by MRPI and FRPI. 

 

 

 

 

(a) 
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Table 2. Sexual compatibility and performance of A. fraterculus populations tested in pairwise combinations  

 

Pop tested PM ISI MRPI FRPI X
2
 N 

Pelotas-Bento Gonçalves 46 0,20 0,11 0,14 6,10 (p = 0,11 ) N.S. 4 

Bento Gonçalves-São Joaquim 73 0,14 0,06 0,11 5,59 (p = 0,13  ) N.S. 5 

São Joaquim-Vacaria 71 0,03 0,12 -0,04 0,27 (p = 0,60) N.S. 8 

Vacaria-Bento Gonçalves 74 0,04 -0,02 -0,03 0,51 (p = 0,92) N.S. 4 

Piracicaba-São Joaquim 58 0,47 -0,39 -0,24 14,55 (p = 0,05) N.S. 4 

Piracicaba-Bento Gonçalves 70 0,69 -0,10 -0,03 14,03 (p = 0,03)* 5 

Piracicaba-Vacaria 69 0,65 -0,03 -0,07 14,94 (p = 0,002)* 3 

Natal-Bento Gonçalves 42 0,90 -0,43 -0,52 26,81 (p< 0,001)* 1 

Natal-Vacaria 40 0,65 -0,35 -0,6 18,88 (p< 0,001)* 2 

Natal-Piracicaba 33 0,76 -0,43 -0,67 20,77 (p< 0,001)* 4 

  
3. Analysis of courtship behavior units 

 

Preliminary data of behavioral sequence pattern were obtained from EthoSeq Software to Bento 

Gonçalves, Piracicaba, and Parnamirim populations (Figs. 5, 6, and 7). Marking leaf was not observed in 

Bento Gonçalves population yet (Fig. 5), being exclusive of Parnamirin population (Fig. 7). However, 

more replicates are necessary to confirm or not this data. 

Marking leaf, fanning, spinning, and gracefull were not seen in Piracicaba population yet (Fig. 6). 

We do not know if it’s a result of laboratory rearing or it’s just typical of this population. 

 

 

Fig  5. The most probability behavioral sequence pattern of Bento Gonçalves population. 

 

 

Fig. 6. The most probability behavioral sequence pattern of Piracicaba population.  
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Fig.  7.  The most probability behavioral sequence pattern of Parnamirin population.  
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