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Coordinated Research Project (CRP) 
Resolution of Cryptic Species Complexes of Tephritid Pests to Overcome 
Constraints to SIT Application and International Trade 
 

FOURTH PROGRESS REPORT (March 2013- March 2014) 
Research contract: IAEA-16080/R0 

 
“Morphology, distribution and taxonomic characterization of 
the species complex Anastrepha fraterculus from Mesoamerica 

and Northwestern of South America” 
 

Chief Scientific Investigator: 
Vicente Hernández-Ortiz 

Instituto de Ecología A.C. (México), 
 

Main scientific staff: 
Juan O. Tigrero, Nelson A. Canal Daza 

Escuela Politécnica del Ejército (Ecuador), y 
Universidad de Tolima (Colombia). 

 

Task: Develop additional tools for the diagnosis of the cryptic species of the Anastrepha 

fraterculus complex, based on geometric morphometrics of females. 

 

Currently, we have used linear morphometric techniques as a tool for 

distinguishing between the species of this complex. In the past year of the project, 

we also performed analyses using geometric morphometrics of the wing females, 

in order to compare the usefulness of both methods for diagnostics of the cryptic 

species within the AF complex. 

 

Materials and Methods 

 

Linnear Morphometrics. Follows Hernandez-Ortiz et al. (2012): 

Aculeus variables. A1) total aculeus length; A2) basal width of the aculeus tip; A3) 

width at beginning of serrated section; A4) basal tip length of non-serrated section; 

A5) apical tip length of serrated section; A6) length from basal left side to aculeus 

apex; A7) mean of lateral teeth by side; A8) aculeus tip length (=A4+A5); A9) ratio 

of the length of non-serrated section vs length of serrated section (=A4/A5); A10) 

ratio of aculeus tip length vs aculeus length (=A8/A1); A11) ratio of non-serrated 

section vs aculeus tip length (=A4/A8). Wing variables. W1) wing length; W2) 

wing width from apex of R1 to inferior margin; W3) width of apical section of S-
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band (from juncture of S-band and vein R4+5, perpendicular to Costal vein); W4) 

basal width of proximal arm of V-band; W5) S- and V-band connection between 

R2+3 and R4+5 (1= present; 2= absent); W6) V-band upper connection of proximal 

and distal arms between R4+5 and M (1= present; 2= absent); W7) ratio of wing 

width vs wing length (W2/W1). Mesonotum variables. M1) mesonotal length; M2) 

mesonotal width at level of postsutural supra-alar seta; M3) length from the apex 

of scutellum to left postsutural supra-alar seta. 

 

Geometric Morphometrics. We made permanent mounting slides of the wing and 

the aculeus of each specimen. Digitized images were performed by using a camera 

Olympus C5050 Zoom, adapted to microscopes Olympus SZX7 and BX41, 

respectively. These images were processed using homologous landmarks 

following methods described by Rohlf (2010). The matrix of landmark coordinates 

for each structure, specimen, and population was stored in a database for further 

studies. Analyses were made through the program MorphoJ in order to make 

necessary adjustments of homologous points, calculating the centroid size 

(Klingenberg 2011). Data of coordinates were standardized, prior to calculation of 

canonical variate analyses, and multiple regression analyses using Statistica 

(Statsoft 2006). 

Discriminant function analyses (DFA) were applied to data set. Exploratory 

techniques included grouping specimens by locality of origin, or morphotype 

assigned to specimens. We also explore the diagnostic characters which could be 

considered for taxonomic descriptions of the species. 

 
Figure 1. Landmark points used for the geometric morphometrics of the AF complex 
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Task: Study the morphometric variability observed in some populations from Andean 

countries, as well as their geographic distributional ranges.  

 

At this stage of the project, we undertook the task of getting a large number of 

populations coming from Andean countries, since we had only analyzed a single 

sample from Ecuador and two others from Colombia. Due to the difficulties in 

obtaining the required adult samples by the ICA staff (Colombia), we established a 

joint collaboration with the sister project of this CRP (No. 16069) coordinated by 

Nelson Canal, who conducted the Colombian sample collections used in these 

analyses. 

 

Morphological Analyses. We examined 10 Colombian and 7 Ecuadorian 

populations, especially selected from locations on different biogeographic 

provinces (sensu Morrone 2006). Additional analyses were executed to compare the 

Andean samples with others distributed along the Neotropics. 

Multivariate analysis was supported on the linear morphometrics methods 

followed by Hernandez-Ortiz et al. (2012), which included 21 variables to be 

assessed. In addition, in the current study three new variables were also 

considered, based on index lengths among wing, mesonotum and the aculeus. 

For future references, voucher specimens and mounting slides of studied samples 

were deposited at the Entomological Collections of the Universidad del Tolima 

(Ibagué, Colombia), Escuela Politécnica del Ejército (Quito, Ecuador), and at the 

Instituto de Ecologia (Xalapa, Mexico). 

 

Main Outcomes 

 

Linear Morphometrics  

Populations were collected from different locations and altitudinal strata as 

follows: 10 Colombian samples (1,350 – 2,400 m altitude). Samples below this range 

were not found; 7 Ecuadorian samples (10 – 2,200 m altitude) were examined. 

All Colombian samples belonged to a single taxon, being consistent with the 

features of the Andean morphotype (sensu Hernández-Ortiz et al. 2012).    

Populations coming from Ecuador showed clear differences among them, so far 

our findings suggested that samples fall into two distinct morphos: 

The Peruvian morphotype represented by samples from lowlands of the Pacific 

coastal slopes, previously characterized by a single sample from Guayaquil-

Ecuador and two others from Peru (La Molina and Piura). 
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We found a new Ecuadorian morphotype, represented by samples from the 

highlands from Ecuador, resulting distinct from all others characterized before. 

 
Figure 2. Dendrogram of morphometric similarities among populations from Colombia, Ecuador and Perú, recognizing the 

presence of three different morphotypes, Andean, Ecuadorian and Peruvian. 

 

 

Geometric morphometrics 

Similarities among Colombian populations were highly consistent with those 

reported by the linear morphometrics, except for two samples from the province of 

Tolima, arising from breeding colonies for several generations (one of them 

belonging to the Seibersdorf colony). 

In contrast, populations from Ecuador showed a high degree of differentiation in 

two morphological groups: 

1) Peruvian morphotype, grouping all samples from the Pacific lowlands. 

2) Ecuadorian morphotype, here designated as new, covering all samples 

encountered in the highlands. Additional comparisons with other Neotropical 

samples, recognize it as the eighth morphotype of the AF complex. 
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Figure 3. Scatterplot of the individuals from Ecuador and Colombia grouped by morphotypes. A) DA-based on linear 

morphometrics; B) DA-based on geometric morphometrics. 
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Main Conclusions: 

 

A) All of the Colombian populations examined belong to a single taxon, the 

Andean morphotype previously described. 

 

B) Ecuadorian populations exhibited clear differences among them, so they 

belong to two distinct morphos: the Peruvian morphotype distributed in the 

lowland Pacific coastal slopes; and a new Ecuadorian morphotype occurring 

in the highlands of the Inter-Andean valleys, which proved to be different 

from all other morphs studied before. Therefore, our findings support the 

presence of the eighth morphotype within the AF complex. 

 
C) Both the linear and geometric morphometrics, resulted useful techniques for 

the diagnostics and recognition of the cryptic species within the AF complex 

with pretty similar results. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4. Distribution map of the studied samples from Mesoamerica (Mexico and central America) 

and NW South America (Venezuela, Colombia, Ecuador and Peru). 
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TASK: Manuscripts in progress related to the CRP project 16080: 

Prezotto L.F., Perondini A.L.P., Hernandez-Ortiz V., Marino C.L. & Selivon D. 

Characterization of Wolbachia strains in species of the Anastrepha fraterculus complex 

(Diptera, Tephritidae) along the Neotropical region. Current Microbiology (submitted 2013) 

Prezotto L.F., Perondini A.L.P., Hernández-Ortiz V., Frías D., & Selivon D. 

Characterization of the Anastrepha fraterculus complex (Diptera: Tephritidae) based on 

correlated analysis of ITS1 sequences and geometric morphometrics. (in prep.) 

Hernández-Ortiz V., Tigrero J.O. and Canal N.A. Morphotypes and host plant preferences 

of the Anastrepha fraterculus complex (Diptera: Tephritidae) in Colombia and Ecuador. (in 

prep.) 

 

TASK: Implement agreements made at the Third RCM. 

 

As a part of the agreements of the third workshop (CRM) held in Tucumán, 

Argentina, I provided the necessary advisory for the identification of 

morphotypes, thus we are working in collaboration with other related projects of 

the Anastrepha fraterculus complex conducted in Brazil, led by Janisete Gomes da 

Silva and Iara Sordi-Bravo. 

 

In this sense, I analyzed a total of 16 natural populations from different Brazilian 

regions, which were mounted and measured by the research teams of interested 

parties. Multivariate analyzes were performed using 23 morphometric variables, 

making appropriate adjustments to the matrix of measurements. 

 

Brazilian samples examined by VHO for the characterization of the 
morphotypes. * Related projects by Janisete Gomes & Iara Sordi-Bravo   

  Sample population   Sample population 

1 Bento Goncalves (10) 9 Pelotas (10) 

2 Camamu (9) 10 Piracicaba-F6 (10) 

3 Campinas (8) 11 Piracicaba-F61 (35) 

4 Campos do Jordao (15) 12 Sao Joaquim (9) 

5 Ipe (12) 13 Una-Wild-A (5) 

6 Lages (10) 14 Una-Wild-B (13) 

7 Parnamirim-F10 (9) 15 Vacaria-F5 (10) 

8 Parnamirim-Wild (4) 16 Vacaria-F14 (13) 
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Main outcomes: 

 

A) The sample sizes were not homogenous, and in some cases they were pretty 

small. A lot of intra-population variability were exhibited in several 

samples, although the DA showed the recognition of two morphotypes as 

follows: 

 

Morphotype Brazilian-1: Bento-Goncalves, Ipe, Lages, Pelotas, Sao Joaquim, 

Vacaria-F5, Vacaria-F14 

Morphotype Brazilian-3:  Camamu, Una-Wild-A, Una-Wild-B, Parnamirim-

Wild. 

 

B) As a result of the study, I am confident that samples of two locations are 

unnatural populations, since they are a mixture of at least two 

morphological entities: These are “Parnamirim” and "Piracicaba-Jan". 

 

“Parnamirim”. Material from this location included two samples, Parnamirim-

F10 and Parnamirim-Wild. The first one with 9 specimens is nearly related to 

the morph Brazilian-1, however, it seems that also included some specimens 

from other entity. The latter, Parnamirim-Wild had 4 specimens from a wild-

strain corresponding to the morph Brazilian-3. 

 

“Piracicaba-Jan”. This locality consisted of two samples from lab colonies, 

Piracicaba-F6 (10 specimens), and Piracicaba-F61 (35 specimens), both 

containing part of the morph Brazilian-1, and a mixture of other specimens of 

uncertain origin, because different multivariate tests showed an erratic 

behavior, suspecting that some degree of hybridization could be present. 

 

In sum, the samples of Parnamirim-F10, Piracicaba-F6 and Piracicaba-F61 are 

most likely composed by the morph Brazilian-1, besides other component in each 

one of them difficult to characterize. 

 

C) Population samples from “Campinas” and “Campos do Jordao” are pretty 

similar to each other, and in my view they are conspecific. Nevertheless 

they are separated from the morph Brazilian-1, and were clearly 
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differentiated from the morph Brazilian-3, even though they seem to be 

close to the former.  

Comparisons of these samples with other stocks of the morph Brazilian-2 

(examined in earlier studies), they did not agree with this morphotype. In 

my opinion, these populations should be considered as a separate entity for 

the time being, until further molecular and/or behavioral evidences confirm 

this assumption (Figures 5 and 6) 
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