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DNA barcoding can be used to identify 20 species of phlebotomine sand flies of the 
Colombian Caribbean. 
Phlebotomine sand flies are correctly assigned to species by any of the evolutionary three 
models (TN93, K2P or p-distances). 
Morphologically similar species of phlebotomine sand flies can be separated using DNA 
barcoding. 
At the supraspecific level the phylogenetic signal of the gene COI is lost due to 
substitutional 
saturation. 

 

ABSTRACT 

Identification of the species of phlebotomine sand flies present in each focus of leishmaniasis is 

necessary to incriminate vectors and implement vector control strategies. Although the cytochrome 

oxidase I (COI) gene has been proposed as a barcode for the identification of animal species, less 

than 20% of New World phlebotomines have been characterized to date. In this study DNA barcoding 

was used to identify phlebotomine species of the mixed leishmaniasis focus in the Colombian 

Caribbean by means of three evolutionary models: Kimura’s two parameter (K2P) nucleotide 

substitution model, that of Tamura & Nei (TN93) and proportional sequence divergence (p-

distances). A 681bp sequence of the COI gene was obtained from 66 individuals belonging to 19 

species of the genus Lutzomyia (Lu. abonnenci, Lu. atroclavata, Lu. bicolor, Lu. carpenteri, Lu. 

cayennensis, Lu. dubitans, Lu. evansi, Lu. gomezi, Lu. gorbitzi, Lu. longipalpis, Lu. micropyga, Lu. 

migonei, Lu. panamensis, Lu. (Psathyromyia) sp., Lu. rangeliana, Lu. serrana, Lu. shannoni, Lu. 

trinidadensis and Lu. venezuelensis) and one of Brumptomyia (B. mesai). The genetic divergence 

values for TN93 among individuals of the same species fluctuated up to 3.2% (vs. 2.9% for K2P and 

2.8% for p-distances), while the values between species ranged from 8.8 – 43.7% (vs. 6.8 – 19.6% 

for K2P and 6.6 – 17.4% for p-distances). A dendrogram constructed by means of the Neighbor-

Joining method grouped phlebotomines into 20 clusters according to species, with bootstrap values 

of up to 100% in those with more than one individual. However, loss of the phylogenetic signal of 

the gene COI was observed at the supraspecific level as a consequence of substitutional saturation. In 



 
 
 

conclusion, irrespective of the evolutionary model selected, all phlebotomines were correctly 

assigned to species, showing 100% concordance with morphological identification.  

Keywords: Lutzomyia, Sand flies, DNA barcoding, cytochrome oxidase I (COI), Species 

identification. 

 

 

 

1. Introduction 

The genus Lutzomyia (Lu.) comprises about 500 species distributed throughout North, Central 

and South America. Approximately 56 species of this genus have been incriminated as vectors of 

parasites of the genus Leishmania (Maroli et al., 2013), etiological agents of the distinct clinical forms 

of leishmaniasis. In Colombia, the departments of Bolívar, Córdoba and Sucre constitute the most 

important mixed focus of leishmaniasis in the Caribbean from which 83% of the cases of cutaneous 

leishmaniasis and all the visceral cases in the region are reported (INS, 2005-2015). 

The systematics of the New World phlebotomine sand flies have been reviewed by several 

taxonomic schools, each with its own techniques, foundations and hypotheses (Baretto, 1955, 1962; 

Fairchild, 1955; Theodor, 1965; Forattini, 1973; Abonnenc & Leger, 1976; Lewis et al., 1977; 

Martins et al., 1978; Young, 1979; Artemiev, 1991; Young & Duncan, 1994; Galati 2003a, b). These 

differ in the use and weight assigned to certain morphological characters and the way of grouping the 

taxa at supraspecific level. Nevertheless, all face the same challenges with regard to the taxonomic 

determination of certain species which, as well as presenting isomorphism in anatomical structures 

employed as diagnostic characters, may often be found in sympatry (Scarpassa & Alencar, 2013). 

 This has motivated the search for alternative systems of taxonomic identification based on 

molecular characters, some of which have proved to be useful in resolving questions at infraspecific 

or supraspecific levels (Bejarano, 2001). These have been based on both nuclear and mitochondrial 

genes, with the latter predominating (Depaquit, 2014). However, the great diversity of molecular 



 
 
 

markers used has complicated the analysis and global comparison of all phlebotomine sand fly species 

(Bejarano, 2002). Faced with this situation, the use of a universal barcoding system has been proposed 

to facilitate integration of knowledge on the genetic diversity of phlebotomines and allow 

comparisons to be made between the insects from a particular area and those from the type locality, 

to confirm their identities, promote the exchange of ideas and test evolutionary hypotheses within a 

global scenario.  

Although the gene cytochrome C oxidase (COI) has been proposed for DNA barcoding of the 

animal kingdom (Hebert et al., 2003, 2004) to date the number of sand fly species characterized in 

the New World by this method is less than 100 (Azpurua et al., 2010; Cohnstaedt et al., 2011; Hoyos 

et al., 2012; Scarpassa & Alencar, 2013; Contreras-Gutiérrez et al., 2014; Kato et al., 2015; Nzelu et 

al., 2015), corresponding to less than 20% of the diversity known in the Americas (Young & Duncan, 

1994; Galati, 2003a). Most studies with DNA barcoding have employed Kimura’s two-parameter 

model (1980) (K2P) to construct trees, generally assuming a priori that the suppositions of this model 

explain polymorphism in the COI nucleotide sequences. However, this position has been questioned 

in recent years (Srivathsan & Meier, 2012), particularly as COI could be associated with a particular 

evolutionary model in each group of organisms.  

Different tools are now available (Modeltest, DT-ModSel, jModeltest, Best DNA model-MEGA) 

that can test various models and use probability to find the one that best adjusts to the data. Thus, in 

the present study the use of DNA barcoding was evaluated by means of three models of nucleotide 

substitution, to identify species of the genus Lutzomyia present in the focus of cutaneous and visceral 

leishmaniasis in the Colombian Caribbean. 

 

2. Materials and methods 

2.1. Study area 

Fieldwork was carried out in the municipalities of Colosó, Sincelejo and Ovejas, in the Caribbean 

departament of Sucre, Colombia. According to the life zones defined by Holdridge (1967), this region 



 
 
 

is characterized by dry tropical forest, with mean annual temperatures of 28°C, relative humidity of 

up to 90%, rainfall of up to 1050 mm per year, and elevations of less than 1000 masl. The three 

localities described were selected for sampling based on previous studies which had revealed both a 

considerable degree of phlebotomine diversity and prevalence of leishmaniasis (Bejarano et al., 2007; 

Pérez-Doria et al., 2008a; Pérez-Doria et al., 2009). 

 

2.2.  Collection of phlebotomine sand flies and morphological determination of species  

Collection of phlebotomine sand flies was carried out between December 2008 and June 2009 

by means of CDC light traps, Shannon traps and active searches in diurnal resting sites using mouth 

and electric aspirators. The entomological material captured was transported dry to the Biomedical 

Research Laboratory at the University of Sucre in Sincelejo. Sand flies were then separated under a 

Stemi 2000-C stereoscope, the three terminal segments of the abdomen and head being removed from 

each specimen to carry out taxonomic determination using keys and reference descriptions (Young 

& Duncan, 1994; Galati, 2011). The thorax and part of the abdomen were stored in 70% ethanol prior 

to revision of morphological characters of taxonomic interest. One to six individuals per species were 

selected for the molecular study from the specimens identified. 

 

2.3.  Molecular determination of species 

2.3.1. Extraction of DNA, polymerase chain reaction and electrophoresis 

Each phlebotomine selected for the molecular study was submitted to DNA extraction using a high 

salt concentration protocol described in detail by Pérez-Doria et al. (2008b). DNA amplification was 

subsequently carried out with the primers LCO1490 and HCO2198 (Folmer et al., 1994), which 

delimit a 710 bp segment of the COI gene. Polymerase chain reaction (PCR) was carried out in a 

volume of 25 L which contained 1X PCR buffer, 1.5 mM MgCl2, 100 µM of each dNTP, 0.3 M of 

each primer, 1 unit of Taq Polymerase and 1-3 µL (6 ng/µL - 40 ng/µL) of the extracted DNA solution. 



 
 
 

Amplification was performed in a C1000 thermocycler (BioRad Laboratories) under the thermal 

profile described by Herbert et al. (2003). The amplification products were subjected to 

electrophoresis in 0.75% agarose gel stained with GelStar, applying 75 volts during 45 minutes. 

Amplicon size was determined using a GeneRuler™ marker of molecular weight 1Kb and a Visi-

Blue transilluminator (UVP Systems) was used to visualize the gels.  

 

2.3.2. Sequencing and genetic analysis  

The PCR products obtained were purified and then sequenced in both senses of the DNA chain 

using a 3730XL automatic capillary electrophoresis sequencer. The electrophoregrams were edited 

manually with the help of the Trace Data File Viewer/Editor function of the Molecular Evolutionary 

Genetic Analysis (MEGA 5) program (Tamura et al., 2011). The consensus sequence of each 

individual was assembled with the MEGA 5 Alingment Explorer. The sequence generated was 

analyzed by means of the Basic Local Alignment Search Tool (BLAST) (Altschul et al., 1990). The 

consensus sequences were aligned with the CLUSTAL W program, also included in MEGA 5.  

The DnaSP v5 program (Librado & Rozas, 2009) was used to obtain descriptive information on 

the sequences, including the number of polymorphic sites and haplotypes per species. The online 

program FINGERPRINT (Lou & Golding, 2007) was also used to generate graphs of nucleotide 

heterogeneity showing how variation between nucleotides was distributed within the multiple 

alignment.  

The jModelTest program (Posada, 2008) was used for statistical selection of the nucleotide 

substitution model that best fitted the set of sequences studied. Genetic divergence values were also 

calculated with MEGA 5 for the K2P model, employed traditionally “by default” as part of DNA 

barcoding methodology, as well as for the proportional sequence divergence (p-distances), which in 

some cases have shown a utility equal to or superior to that of K2P (Srivathsan & Meier, 2012). The 

existence of a “barcoding gap” between the intra and interspecific variability detected on the dataset 

was determined based on the genetic distances obtained.  



 
 
 

Using the distances calculated for the different evolutionary models, a dendrogram was 

developed by the Neighbour-Joining (NJ) method (Saitou & Nei, 1987). Species-monophyly was 

evaluated based on the topology of the resulting tree. In order to detect whether the molecular marker 

presented substitutional saturation, the progression of the number of transitions and transversions 

relative to the genetic distances was analyzed using the Data Analysis and Molecular Biology and 

Evolution (DAMBE) program version 5.6.6 (Xia & Xie, 2001). Additionally, each position of the 

codon was submitted separately to the substitution saturation test of Xia et al. (2003), again using 

DAMBE 5.6.6. It was determined whether the observed index of substitution saturation (Iss) was 

significantly higher or lower than the critical value of the index of substitution saturation (Iss.c), 

assuming that when Iss>Iss.c this indicates that severe substitution saturation has occurred and 

Iss<Iss.c means that the sequences have experienced little substitutional saturation (Xia & Lemey, 

2009). The nucleotide sequences were then consigned onto Genebank using the Sequin 9.5 program 

(Benson et al., 2010).  

 

3. Results 

In all 66 nucleotide sequences of 681bp of the COI gene were obtained, belonging to one species 

of the genus Brumptomyia and 19 species of Lutzomyia (Table 1). This latter genus was represented 

by the subgenera Lutzomyia, Micropygomyia, Nyssomyia, Psathyromyia and Psychodopygus, and the 

species groups Aragaoi, Baityi, Migonei, Oswaldoi and Verrucarum. The sequences were recorded 

on Genebank with access numbers ranging from GU909444 – GU909510 (Table 1). The sequenced 

fragment is homologous to the region lying between positions 1468 and 2148 of the COI gene in the 

mitochondrial genome of Lu. umbratilis (KP702938, Kocher et al., 2015). Analysis of the set of 

sequences with the program BLAST provided coverages of 80 – 100%, and similarities of the 86 – 

99% with the COI of New World phlebotomine sand flies recorded in previous studies (Azpurua et 

al., 2010; Cohnstaedt et al. 2011; Hoyos et al., 2012; Scarpassa & Alencar, 2013; Contreras-Gutiérrez 

et al., 2014; Nzelu et al., 2015). 



 
 
 

About two-thirds (66.6%) of the nucleotide composition of the 66 sequences of the COI gene 

was made up of adenine and thymine, with guanine and cytosine constituting the remaining 33.4%. 

Heterogeneity per nucleotide site is shown in Fig. 1A. In the multiple alignment of 681 nucleotides, 

242 polymorphic sites were observed, four of them being singleton sites and 238 corresponding to 

phylogenetically informative sites of up to four variants, distributed along the alignment (Fig. 1B). 

The number of haplotypes per species varied between one and five (Table 1), the highest values being 

seen in Lu. rangeliana, Lu. shannoni and Lu. atroclavata.  

The polymorphism present in the nucleotide sequences contrasted with the high degree of 

similarity presented by the amino acid sequences. In the multiple alignment of 227 amino acids (data 

not shown), only 12 variable sites were found, as well as eight phylogenetically informative sites of 

up to three variants and two singleton sites. It is important to emphasize that stop codons or indel type 

mutations were not encountered in the amino acid sequences inferred from each DNA sequence, so 

that amplification of pseudogenes or nuclear copies of mitocondrial origin (NUMTs) can be 

discounted. 

The evolutionary model that best fitted the dataset was that of Tamura & Nei (1993) (TN93), 

incorporating the shape parameter of the gamma distribution (G = 0.2650) and the proportion of 

invariable sites (I = 0.4730). Values of intraspecific genetic divergence calculated with the K2P model 

varied up to 2.9% (Table 1), while the interspecific ones were between 6.8% and 19.6% (Table 2). 

For the TN93 model values of intraspecific divergence achieved a maximum value 3.2% (Table 1), 

while the interspecific ones ranged from 8.8 to 43.7% (Table 2). Finally in the p-distances, the 

intraspecific margin was up to 2.8%, while the interspecific one varied from 6.6% to 17.4 % (Fig. 

S1).  

In the dendrograms constructed by the NJ method with the TN93, K2P (Fig. 2) and p-distance 

(Fig. S2) models, it was found that species with more than one individual could be unequivocally 

grouped into 16 clusters, supported with bootstrap values of up to 100%. With regard to the 



 
 
 

interspecific relationships, only the clusters which grouped Lu. shannoni and Lu. abonnenci, as well 

as those linking Lu. venezuelensis and Lu. atroclavata, showed high bootstrap values, of up to 100%.  

In the graph of transitions and transversions vs. genetic distance for TN93 (Fig. S3), the number 

of the latter exceded that of the former when divergence reached 3%. A similar result was obtained 

when the analysis was performed with K2P distances (data not shown). Additionally, the saturation 

test of Xia et al. (2003) showed that the Iss = 0.114 and 0.004, of the first and second codon positions, 

respectively, were significantly lower (P < 0.0001) than the Iss.c = 0.685 and 0.364 for symmetrical 

and asymmetrical topology. It is thus inferred that both positions have undergone little substitutional 

saturation. For the third codon position, the Iss = 0.562 was significantly lower (P = 0.0003) than the 

Iss.c = 0.685 for symmetrical topology, but significantly higher (P < 0.0001) than the Iss.c = 0.364 

for asymmetrical topology. It can therefore be concluded that the marker has undergone a substantial 

saturation on the third position of the codon. 

 

4. Discussion 

One of the most common limitations of the molecular markers proposed for genotyping is their 

inability to identify correctly species that diverged recently (van Velzen et al., 2012). DNA barcoding 

constitutes a rapid and trustworthy tool that with some exceptions (Laurito et al., 2013), has 

demonstrated the capacity to differentiate closely related species based on the analysis of a small 

portion of the genome (Hebert et al., 2003). The present study confirms once more the use of the gene 

COI as a barcode for the identification of phlebotomine sand flies, this time in 19 species of the genus 

Lutzomyia and one of Brumptomyia of the Colombian Caribbean. In the present study DNA barcodes 

were generated for the species Lu. abonnenci, Lu. atroclavata, Lu. bicolor, Lu. dubitans, Lu. 

micropyga, Lu. migonei, Lu. rangeliana and Lu. venezuelensis for the first time. Additionally, new 

DNA barcodes were provided for Lu. carpenteri, Lu. c. cayennensis, Lu. evansi, Lu. gomezi, Lu. 

gorbitzi, Lu. longipalpis, Lu. panamensis, Lu. serrana, Lu. shannoni, Lu. trinidadensis and B. mesai. 



 
 
 

To date, K2P has been the preferred model of nucleotide substitution employed in DNA 

barcoding of phlebotomine sand flies (Azpurua et al., 2010; Cohnstaedt et al., 2011; Hoyos et al., 

2012; Scarpassa & Alencar, 2013; Contreras-Gutiérrez et al., 2014; Nzelu et al., 2015), based on the 

original studies of Hebert et al. (2003). However, the selection of K2P as the standard model has been 

questioned (Srivathsan & Meier, 2012), as well as the use of mean rather than smallest interspecific 

divergence values to estimate the so-called “barcoding gap” between intra- and interspecific 

variability (Meier et al., 2008). In consequence attention has been drawn to the need both to establish 

which model of nucleotide substitution could best be fitted to each dataset, as well using the smallest 

interspecific divergence values to estimate the barcoding gap. 

In the present study TN93 was the evolutionary model that best adjusted to the set of 66 

sequences analyzed. However, the intraspecific divergence values calculated for TN93 were equal or 

close to those generated for K2P, while those of the p-distances were generally lower than those of 

both models. The maximum intraspecific genetic divergence value of 2.9% obtained for K2P, the 

only model comparable with previous studies, is twice as small as the 6% previously recorded in 

species of the genera Lutzomyia and Brumptomyia of Colombia (Contreras-Gutiérrez et al., 2014). 

This difference could be explained by the limited number of individuals sequenced per species, which 

in the present study varied between two and six. By contrast, the minimum value for interspecific 

genetic divergence based on K2P of 6.8% is lower than the 9% reported for the taxon in Colombia 

(Contreras-Gutiérrez et al., 2014), which could be attributed to differences in the collection site of 

sandflies and the size of the fragment analyzed, which reached 549 nucleotides in some of the 

sequences generated by the previous study.  

Irrespective of the evolutionary model selected, Lu. dubitans and Lu. rangeliana exhibited the 

highest values of intraspecific genetic divergence. They also presented the greatest number of 

haplotypes per species, most of which were found in the same locality. The four haplotypes of Lu. 

dubitans were found in Colosó, while four of the five Lu. rangeliana ones were encountered in 



 
 
 

Ovejas. This is probably due to the presence of species with populations more conserved than others, 

influenced by random genetic changes (Florin et al., 2011).  

On the other hand, the lowest value of interspecific genetic divergence was observed between 

Lu. abonnenci and Lu. shannoni, which between them presented 40 nucleotide variable positions. 

Based on this 6.8% was established as the minimum K2P divergence value (8.8% for TN93) from 

which the phlebotomine species of the leishmaniasis focus studied could be differentiated. The latter 

does not overlap with the maximum intraspecific divergence value by K2P of 2.9% (3.2% for TN93), 

confirming the existence of a barcoding gap in the dataset analyzed. However it cannot be ignored 

that the minimum interspecific divergence value of 6.8% recorded in this study is close to the 

maximum intraspecific value (6%) reported in Colombian sand flies by Contreras-Gutiérrez et al. 

(2014), probably due to differences in the populations and species studied, the number of individuals 

and the size of the COI segment analyzed. This would reduce the present barcoding gap for 

phlebotomine sand flies of Colombia, which constitutes one of the pillars on which barcoding 

methodology is based (Hebert et al., 2003). For this reason, these margins should be re-estimated in 

future by means of an analysis that encompasses all the sequences of phlebotomine sand flies 

available and incorporates individuals of the same species from distinct geographical populations.  

Using any of the three evolutionary models evaluated, the species separated into 20 clusters on 

the NJ dendrogram, showing 100% concordance with the initial morphological identification, 16 of 

these clusters showed robust branch support, similar to that recorded in previous studies (Azpurua et 

al., 2010; Kumar et al., 2012; Contreras-Gutiérrez et al., 2014). It is noteworthy that in the subgenus 

Micropygomyia, the molecular marker permitted separation of the species Lu. c. cayennensis and Lu. 

micropyga, as well as Lu. venezuelensis and Lu. atroclavata, which present considerable similarities 

in their morphological structures.  

Although the marker allow all the species studied to be distinguished, evolutionary relationships 

among species and subgenera were not always consistent with the existing taxonomic proposals based 

on morphology (Young & Duncan, 1994; Galati, 2003a), except for some closely related species that 



 
 
 

appeared under the same node with a high bootstrap value such as Lu. shannoni and Lu. abonnenci 

of the subgenus Psathyromyia, as well as Lu. venezuelensis and Lu. atroclavata of the subgenus 

Micropygomyia. This loss of phylogenetic signal at the supraspecific level can be attributed to 

mutational saturation of the COI gene in percentages of genetic divergence greater than 3%, as a 

consequence of the high mutation rate of the mitochondrial genome, particularly on the third position 

of the codon, which would mask nucleotide substitutions (Roe & Sperling, 2007). This would explain 

why some pairs of morphologically similar species such as Lu. micropyga and Lu. c. cayennensis of 

the subgenus Micropygomyia, Lu. evansi and Lu. serrana of the group Verrucarum, and Lu. migonei 

and Lu. dubitans of the Migonei group, appear under the same node but with low bootstrap values 

(<50%).  

 

5. Conclusions and perspectives 

DNA barcoding was useful for the identification of 20 species of phlebotomine sand flies of the 

mixed leishmaniasis focus of the Colombian Caribbean. Irrespective of the evolutionary model 

selected to calculate genetic divergence, all the phlebotomine sand flies were correctly assigned to 

species by TN93, K2P or p-distances, in 100% concordance with their morphological identification. 

Based on our confirmation of its validity we call on the taxonomists working with New World 

phlebotomine sand flies to obtain further DNA barcodes, especially of the species endemic to their 

respective countries. DNA barcoding provides an opportunity to resolve the specific status of those 

species that have remained informally described for decades. Taking into account the observed loss 

of the phylogenetic signal of the COI gene at the supraspecific level, it is important to note that when 

DNA barcoding is generated for specific identification, the same specimens should be characterized 

with another, more conserved, molecular marker that provides information to unravel the 

evolutionary relationships among subgenera or genera. This requires a consensus to be reached 

among taxonomists with respect to the marker to be used, which should provide the starting point for 

a global analysis of all phlebotomine species. 
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Figure and table captions 

 

Fig. 1. Distribution of heterogeneity (A) and variability (B) per nucleotide site on the 681bp sequence 

of the COI gene of 20 phlebotomine sand fly species of the Colombian Caribbean. 



 
 
 

 

Fig. 2. Neighbor-joining trees based on the model of Tamura & Nei (1993) (A) and Kimura’s two-

parameter model (1980) (B). The analysis involved 66 nucleotide sequences of 20 species of 

phlebotomine sand flies of the Colombian Caribbean. Bootstrap support was estimated by means of 

1000 replicas, only bootstrap values >50% being shown above the branch. The symbol ▲ corresponds 



 
 
 

to nodes that group individuals of the same species, while ● corresponds to nodes with high bootstrap 

value that group species. 

 

Table 1.  

Species of phlebotomine sand flies of the genera Lutzomyia and Brumptomyia characterized by DNA 

barcoding. For each species are indicated the number of specimens (n) and haplotypes (H), the sex, 

collection locality, Genebank access number and maximum and minimum values of intraspecific 

divergence, estimated by means of the Kimura two- parameter model 1980 (K2P) and that of Tamura 

& Nei 1993 (TN93). The mean values of the intraspecific distances are indicated in brackets. 



 
 
 

 

Table 2. Minimum and maximum percentages of interspecific divergence in 20 species of 

phlebotomine sand flies of the Colombian Caribbean, estimated by means of the model of Tamura & 

Nei (1993) (TN93) and Kimura’s two parameter model (1980) (K2P). The latter are shown in 

brackets. 

 

 

 

Tables 

Table 1 

Species n Sex Locality H TN93 distances K2P distances Accession number 

Lu. abonnenci 3 F Colosó 3 0.1—0.9 (0.60) 0.1—0.9 (0.57) GU909485—87 
Lu. atroclavata 2 F Sincelejo 5 0—0.9 (0.49) 0—0.9 (0.47) GU909477—82 

4 M   
Lu. bicolor  1 F Colosó - - - GU909492 
Lu. carpenteri 2 M Colosó 1 0 0 GU909444—45 
Lu. c. cayennensis 3 F Sincelejo 3 0—1.6 (0.97) 0—1.5 (0.93) GU909472—76 

2 M   
Lu. dubitans 3 F Colosó 4 0—3.2 (1.33) 0—2.9 (1.19) GU909446—50 

2 M   
Lu. evansi 2 F Colosó 4 0.8—1.8 (1.21) 0.7—1.6 (1.12) GU909456—59 

1 M Colosó   1 M Sincelejo 
Lu. gomezi 1 F Colosó 3 0—2.5 (1.70) 0—2.4 (1.51) GU909451—55 

3 M Colosó   1 M Sincelejo 
Lu. gorbitzi 1 F Colosó - - - GU909510 
Lu. longipalpis 4 M Colosó 4 0.3—0.8 (0.53) 0.3—0.7 (0.47) GU909502—05 
Lu. micropyga 2 F Colosó 3 0.1—0.3 (0.19) 0.1—0-3 (0.17) GU909464—66 

1 M   
Lu. migonei 2 M Colosó 1 0 0 GU909508—09 
Lu. panamensis 1 F Colosó 4 0.6—1.3 (0.97) 0.6—1.2 (0.90) GU909460 

3 M   
Lu. (Psathyromyia) sp. 1 F Colosó 3 0—2.5 (1.35) 0—2.2 (1.20) GU909488—91 

3 M   
Lu. rangeliana 1 F Sincelejo 5 0.1—3.2 (1.96) 0.1—2.9 (1.80) GU909493—97 

4 F Ovejas   
Lu. serrana 1 F Colosó - - - GU909501 
Lu. shannoni 2 F Sincelejo 5 0.6—1.4 (0.95) 0.7—1.3 (0.88) GU909467—71 

3 M   
Lu. trinidadensis 1 F Sincelejo 3 1.4—1.9 (1.56) 1.3—1.8 (1.47) GU909498—500 

1 M Sincelejo   



 
 
 

1 M Colosó 
Lu. venezuelensis 2 M Colosó 2 0—0.1 0—0.1 GU909483—84 
B. mesai 1 M Colosó - - - GU909506 
 

 

 

 

 

 



 
 
 

Table 2 

Species Minimun TN93 (K2P) Maximum TN93 (K2P) 

Lu. abonnenci Lu. shannoni, 8.8 (6.8) Lu. evansi, 42.7 (19.6) 

Lu. atroclavata Lu. venezuelensis, 9.5 (7.2) Lu. abonnenci, 34.1 (17.5) 

Lu. carpenteri Lu. panamensis, 17 (11.9) Lu. gomezi, 40.1 (18.5) 

Lu. c. cayennensis Lu. micropyga, 17.7 (11.6) Lu. trinidadensis, 43.7 (Lu. abonnenci, 18.9) 

Lu. dubitans Lu. migonei, 20.4 (13.1) Lu. (Psathyromyia) sp., 38.8 (Lu. trinidadensis, 18.2) 

Lu. evansi Lu. serrana, 20.6 (13) Lu. abonnenci, 42.7 (Lu. abonnenci and Lu. shannoni, 19.6) 

Lu. gomezi Lu. atroclavata, 21 (13.1) Lu. trinidadensis, 41.8 (Lu. bicolor, 18.8) 

Lu. gorbitzi Lu. micropyga, 21.2 (12.8)  Lu. gomezi, 41 (Lu. abonnenci, 18.5) 

Lu. longipalpis Lu. micropyga, 19.6 (12.8) Lu. abonnenci, 34.4 (Lu. shannoni, 17.7) 

Lu. micropyga Lu. venezuelensis, 15.7 (11.1) Lu. rangeliana, 34.2 (Lu. abonnenci, 16.6) 

Lu. migonei Lu. atroclavata, 17.2 (11.6) Lu. gomezi, 37.3 (17.7) 

Lu. bicolor Lu. venezuelensis, 19.1 (12.6) Lu. gomezi, 40.9 (18.8) 

Lu. panamensis  Lu. venezuelensis, 16.9 (11.7 ) Lu. trinidadensis, 39.2 (Lu. rangeliana, 18.1) 

Lu. (Psathyromyia) sp. Lu. shannoni, 23.7 (Lu. shannoni and Lu. carpenteri, 14.4) Lu. trinidadensis, 40.6 (Lu. rangeliana, 19.1) 

Lu. rangeliana Lu. migonei, 20.6 (13.1) Lu. shannoni, 40.3 (19.2) 

Lu. serrana Lu. evansi, 20.6 (13) Lu. gorbitzi, 35.8 (Lu. dubitans, 17.7) 

Lu. shannoni Lu. abonnenci, 8.8 (6.8) Lu. trinidadensis, 41.5 (Lu. evansi, 19.6) 

Lu. trinidadensis Lu. bicolor, 22.8 (13.7) Lu. c. cayennensis, 43.7 (Lu. shannoni, 19.4) 

Lu. venezuelensis Lu. atroclavata, 9.5 (7.2) Lu. (Psathyromyia) sp., 34.9 (17.7) 

B. mesai Lu. atroclavata, 19.8 (12.4) Lu. gorbitzi, 38.4 (17.7) 
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