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Abstract

The Triatoma sordida subcomplex traditionally included four triatomine species, T. sordida, Triatoma 
garciabesi, Triatoma guasayana, and Triatoma patagonica, distributed in the Southern Cone of South America. 
These species have a large intraspecific variability together with an overall similarity, making difficult to es-
tablish their taxonomic status. Many cytogenetic, morphometric, and molecular markers have been applied 
to address this. Recent studies have posed concerns on the inclusion of T. guasayana and T. patagonica within 
the subcomplex. Also, T. sordida from Argentina has been designed as a new species, Triatoma rosai. Using 
the cuticular hydrocarbon pattern as chemotaxonomic marker, the relationships among several populations 
of these species were analyzed by capillary gas chromatography and linear discriminant analysis along 25 
collection sites in Argentina, Bolivia, Brazil, and Paraguay. T. sordida and T. rosai populations were differen-
tially clustered in two CHC-based groups: “Group 1” included T. sordida from Eastern Brazil, Eastern Paraguay, 
and the Bolivian populations from La Paz and Izozog G1; “Group 2” included T. rosai, and T. sordida from 
Izozog G2 (Bolivia), and Western Paraguay. Whereas T. garciabesi remained closely related to T. sordida and  
T. rosai, T. guasayana, and T. patagonica were clearly separated from the species of the T. sordida subcomplex. 
Our results agree with those from other several techniques suggesting that the taxonomy of the T. sordida 
subcomplex should be revised.
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Triatomines (Hemiptera: Reduviidae: Triatominae) are blood-
sucking insects, currently including 157 species (Justi and Galvão 
2017, Alevi et  al. 2020, Galvão 2020, Dale et  al. 2021, Zhao 
et  al. 2021). They are vectors of the parasite Trypanosoma cruzi 
(Chagas, 1909)  (Kinetoplastida: Trypanosomatidae), the causa-
tive agent of Chagas’ disease, affecting from 6 to 7 million people 
worldwide (WHO 2020). Triatomine species were clustered in dis-
tinctive groups called complexes and subcomplexes, based on their 
similarity in morphology, geographical distribution, behavior, and 
ecology (Schofield and Galvão 2009). Based on the development of 
new study tools, it was proposed that complexes and subcomplexes 

should form natural groups (monophyletic), which resulted in the 
regrouping of several species (Gardim et al. 2014; Pita et al. 2016; 
Justi and Galvão 2017; Alevi et  al. 2017, 2020; Belintani et  al. 
2020).

Initially, the Triatoma sordida subcomplex, included within the 
Triatoma infestans complex, was composed of four species, as fol-
lows (Schofield and Galvão 2009): Triatoma sordida (Stål, 1859) dis-
tributed from Central Brazil, throughout Paraguay, Central and 
Southern Bolivia, Uruguay, to Central Argentina; Triatoma garciabesi 
(Carcavalloet  al., 1967) and Triatoma patagonica (Del Ponte, 
1929) exclusively distributed in Argentina; and Triatoma guasayana 
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(Wygodzinsky and Abalos, 1949)  distributed from most part of 
Bolivia and Paraguay to central Argentina.

The large phenotypic variability of these four species along with 
their geographic range and their overall similarity started to raise 
doubts about their taxonomic status, which has been questioned 
many times. Former morphological and chromosomal studies con-
sidered T. garciabesi as a dry-climate-adapted T. sordida variant (Lent 
and Wygodzinsky 1979, Panzera et  al. 1997), however, it has been 
next revalidated as single species based on morphological characters 
of the head and genitalia, as well as chromosomal and isoenzymatic 
differences (Jurberg et  al. 1998). Recently, the species status of T. 
garciabesi was confirmed by morphological, morphometric, molec-
ular, and cytogenetic studies (Panzera et al. 2015; Belintani et al. 2020, 
2021). Two distinct genotypes were early detected for T. sordida after 
enzymatic (T. sordida Group 1 and T. sordida Group 2, Noireau et al. 
1998) and chromosomal (T. sordida Argentina and T. sordida Brazil, 
Panzera et  al. 1997) studies. After that, new chromosomal analysis 
distinguished three taxa (named T. sordida sensu stricto, T. sordida 
Argentina, and T. sordida La Paz), and suggested that the T. sordida 
Group 2 detected by Noireau et al. (1998) was a T. garciabesi popu-
lation, spreading out the distribution of this species to the Bolivian 
Chaco (Panzera et  al. 2015). Morphometric studies carried out by 
Nattero et al. (2017) and Belintani et al. (2020) also showed signifi-
cant differences among T. sordida samples from Argentina and those 
from Bolivia and Brazil. And recently, T. sordida from Argentina was 
defined as a new species, T. rosai (Alevi et al., 2020) based on morpho-
logical, crossbreeding, morphometric, and molecular analyses. The 
species status of T. patagonica has been questioned by morphometric 
analyses (Gorla et al. 1993), despite the typical black color in its legs 
and other body parts. However, several genetic markers (isoenzymes, 
chromosomal, morphometric, and molecular) differentiated this spe-
cies from the other species of T. sordida subcomplex, although the 
species evidenced a very large variability even in its chromatic pattern 
(Panzera et al. 1997; Nattero et al. 2016; Belintani et al. 2020, 2021).

An extensive analysis based on morphometry of head, pronotum, 
and wings has shown that species differentiation may depend on the 
character being analyzed (Nattero et al. 2017). Similarly, different 
levels of species differentiation have been obtained by studying the 
female external genitalia and egg morphology (Belintani et al. 2021). 
On the other hand, chromosomal studies (Panzera et al. 2015, Pita 
et  al. 2016), and very recent wing morphometry, female genitalia, 
egg morphology, and DNA analyses (Belintani et  al. 2020, 2021), 
have questioned the integrity of the whole subcomplex, suggesting 
that T. guasayana and T. patagonica should be placed within the 
Triatoma rubrovaria subcomplex.

Cuticle hydrocarbons (CHC) have been one of the most widely 
studied chemotaxonomic characters in insects. Early papers by Carlson 
and co-authors were the first ones to recognize the role of CHC in 
chemical taxonomy (Carlson and Service 1979, 1980; Carlson and 
Walsh 1981). Since then, CHC have been used to infer the taxonomic 
relationships into several insect groups (Carlson et al. 1993, Bagnères 
and Wicker-Thomas 2010, Braga et al. 2013, Soares et al. 2017). In 
triatomines, the CHC pattern was successfully used to differentiate 
between the genera Triatoma (Laporte, 1832), Rhodnius (Stål, 1859) 
(Hemiptera: Reduviidae: Triatominae), and Panstrongylus (Berg, 1875) 
(Hemiptera: Reduviidae: Triatominae) (Juárez et al. 2000), and also as-
sess the intraspecific variability of two of the most important vectors of 
Chagas disease, Triatoma dimidiata (Latreille, 1811) and T. infestans 
(Klug, 1834), along most of their geographic range (Calderón-Fernández 
et  al. 2005, 2011, 2012). The CHC of the four species grouped by 
Schofield and Galvão (2009) in the T. sordida subcomplex (T. sordida, 
T. guasayana, T. garciabesi, and T. patagonica) have been previously 

identified by capillary gas chromatography (CGC) coupled to mass 
spectrometry (MS) (Calderón-Fernández and Juárez 2013). About 100 
components from 21 to 43 atoms in the carbon backbone were de-
scribed, comprising a complex mixture of straight and methyl-branched 
saturated chains with 1 up to 4 methyl substitutions. n-Alkanes formed 
a homologous series from nC21 to nC33 and represented 33–45% of 
the hydrocarbon fraction, whereas methyl-branched alkanes showed 
alkyl chains from 24 to 43 atoms in the carbon backbone.

The aim of this study is to provide an additional approach on the 
interspecific and the intraspecific variability of T. sordida, T. rosai, 
T. garciabesi, T. guasayana, and T. patagonica using the CHC as 
chemotaxonomic markers.

Materials and Methods

Insect Samples
Hemielytra and hindwings corresponding to 232 adult specimens of T. 
sordida, T. rosai, T. garciabesi, T. guasayana, and T. patagonica were 
used to extract CHC; sex-related qualitative differences in the CHC 
were not detected (Calderón-Fernández and Juárez 2013). Sampling 
sites in Argentina, Bolivia, Brazil, and Paraguay (25 sites) comprised 
an extensive area located between latitudes 11°37’ S and 30°35’ S 
and longitudes 46°19’ W and 68°25’ W. This heterogeneous area in-
cludes the Andean region to the West, with altitudes in the range of 
1,850–2,900 m.a.s.l. and an altitude-depending climate, together with 
the Gran Chaco region with altitudes in the range of 100–650 m.a.s.l. 
and a hot and dry climate (Table 1 and Supp Fig. S1 [online only]).

Samples of T. dimidiata and T. infestans were used as outgroups; 
their CHC relative amounts were available from previous studies 
(Calderón-Fernández et al. 2011, 2012). T. dimidiata samples came 
from Cartago, Guanacaste, Heredia, and San José departments (Costa 
Rica) (16 specimens). T. infestans samples came from Cochabamba 
and Tarija (Bolivia), Arequipa (Peru), Presidente Hayes and San Pedro 
(Paraguay), and Chaco and Catamarca (Argentina) (113 specimens) 
(Supp Table S1 [online only]). Triatomine samples were classified by 
collectors according to Lent and Wygodzinsky (1979) and Jurberg 
et al. (1998). T. sordida specimens from Izozog (Bolivia) were analyzed 
already classified as members of genotypes G1 and G2 according to 
previous isoenzymatic analysis (Noireau et al. 1998, Table 1).

CGC Analysis of CHC
Wing lipids of each specimen were extracted with hexane, and the 
CHC fraction was eluted through silica columns, concentrated to 
appropriate volume, and analyzed by CGC in a Hewlett-Packard gas 
chromatograph 6890 (Hewlett Packard, Wilmington, DE) coupled to 
a flame ionization detector (FID) as previously described (Calderón-
Fernández et al. 2011, 2012; Calderón-Fernández and Juárez 2013). 
Hydrocarbon peak areas were calculated for each chromatogram 
(HP Chem Station, Hewlett Packard) and expressed as a percentage 
of the total peak area. The chromatographic retention index (KI) 
was calculated for each hydrocarbon peak (Kovats 1965) after meas-
uring the elution times of alkane standards run in similar conditions. 
Shorthand notation was used throughout text and tables to identify 
the hydrocarbons, as follows: CXX, for the total number of carbons 
in the straight chain; nCXX, for linear alkanes; nCXX:x, for unsatu-
rated alkenes, where x indicates the number of unsaturations.

Multivariate Analyses
Hydrocarbon peaks were considered as characters and their relative 
amount values as character states. Hydrocarbon relative amount values 
were subjected to arcsine transformation prior to multivariate analysis 
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(Sokal and Rohlf 2001). Linear discriminant analysis (DA) was used 
to assess the population structure within each species as well as the re-
lationship between species. CHC relative amount data of T. dimidiata 
and T. infestans samples were re-analyzed together with those from the 
other species. SPSS Version 15.0 (SPSS, Inc., Chicago, IL) and Statistica 
Version 6.0 (StatSoft, Inc., Tulsa, OK) were used to perform multi-
variate analyses. Backward-elimination stepwise method was applied 
to select those hydrocarbons that best contribute to discrimination. 
Wilks’ lambda (λ) statistic (Wilks 1932) and its statistical significance 
were used as discrimination significance measures. The accuracy of the 
discriminant functions (DF) was tested by reclassifying the specimens 
using the cross-validation method (Lachenbruch and Mickey 1968). 
Mahalanobis distances obtained from DA were used to construct the 
trees that show the relationship and level of similarity between popu-
lations and species, using MVSP Version 3.13b (Kovach Computing 
Services, Anglesey, U.K.). CHC contributing the best to differentiate 
between species and populations were identified by analyzing the DF 
coefficients at sample’s centroids together with the correlation values 
between the DF and the original variables (hydrocarbons).

Results

CHC Variability in T. sordida, T. rosai, and  
T. guasayana
Ten CHC (KIs 2857, 2975, 3000, 3175, 3183, 3258, 3375, 3383, 
3581, 3981) (Table 2) were used to classify T. sordida and T. rosai 

samples (Wilk’s λ of 0.32, P < 0.001). The specimens correctly clas-
sified in the original and cross-validated classification were 83.5% 
and 75.2%, respectively, supporting the usefulness of the discrimi-
nant functions to assess the population structure (Supp Table S2 [on-
line only]). The DA (Fig. 1A) showed a high intraspecific variability, 
and a clear subdivision of the species’ populations into two CHC-
based groups. One of them, named here as “Group 1”, included T. 
sordida populations from Brazil (Goias, Rio Verde, Mato Grosso, 
and Tocantins), two populations from Bolivia (La Paz and Izozog 
G1), and samples from Eastern Paraguay (Concepción, Paraguarí, 
and San Pedro). The other main group, “Group 2”, included T. rosai 
samples from Argentina (Formosa); and T. sordida specimens from 
Bolivia (Izozog G2), and from Western Paraguay (Boquerón and 
Presidente Hayes). Within each group, populations clustered mostly 
according to their geographic proximity and country of origin. The 
T. sordida specimens from Cochabamba (Bolivia) were not included 
in any of those groups (Fig. 1A). CHC KI 3175, KI 3183, KI 3258, KI 
3383, KI 3581, and KI 3981 were those which contributed the best 
to differentiate between Group 1, Group 2, and the Cochabamba 
population. The other four CHC in the DA contributed additionally 
to differentiate the remaining T. sordida and T. rosai populations.

Regarding T. guasayana, 94.5% and 90.9% of the specimens 
were correctly classified in the original and cross-validated clas-
sification, respectively. Four CHC (KIs 3175, 3678, 3727, and 
3805) (Table 2) were used to classify the species’ populations. The 
specimens were grouped mostly according to their country of origin, 

Table 1. Collection sites of the specimens analyzed in this study

Speciesa Country Department/province Localitiesb nc Longitude (W) Latitude (S)

T. rosai Argentina [AR]d Formosa Pirané (1) 13 59º07’12’’ 25º44’31’’
T. sordida Bolivia [BO] La Paz Apolo (2) 7 68º25’29’’ 14º43’11’’
  Santa Cruz Izozog (3) 14e 62º44’35’’ 19º25’30’’
  Cochabamba Quillacollo (4) 4 66º16’30’’ 17º26’14’’
 Brazil [BR] Goias Posse (5) 4 46º19’38’’ 14º05’40’’
  Rio Verde Rio Verde (6) 16 50º57’58’’ 17º43’43’
  Mato Grosso Rondonopolis (7) 8 54º42’48’’ 16º26’04’’
  Tocantins Sâo Valério (8) 11 48º14’00’’ 11º37’59’’
 Paraguay [PA] Boquerón Mariscal Estigarríbia (9) 10 60º47’08’’ 22º01’47’’
  Concepción Itacurubí (10) 2 57º14’21’’ 23º19’12’’
   Saladillo (11) 3 57º28’30’’ 23º19’12’’
  Guairá Zorrilla Cué (12) 3 56º15’38’’ 25º41’45’’
  Paraguarí Pirayú (13) 1 57º14’22’’ 25º28’33’’
   Sapucai (14) 4 56º57’04’’ 25º40’41’’
  Presidente Hayes Pozo Colorado (15) 5 58º47’35’’ 23º29’44’’
   Jope (16) 6 59º41’59’’ 23º01’03’’
  San Pedro Villa del Rosario (17) 5 57º05’44’’ 24º25’07’’
   Itacurubí del Rosario (18) 5 56º50’12’’ 24º33’09’’
T. garciabesi Argentina La Rioja Castro Barros (19) 16 65º45’31’’ 30º35’56’’
  Salta General Güemes 5 65º00’34’’ 24º38’43’’
  Santiago del Estero Avellaneda (20) 19 63º28’35’’ 28º25’33’’
T. guasayana Argentina Santiago del Estero Avellaneda (21) 32 63º28’35’’ 28º25’33’’
 Bolivia Cochabamba Mataral (22) 12 64º12’25’’ 18º07’53’’
 Paraguay Boquerón Jericó (23) 5 59º48’38’’ 22º35’47’’
  Presidente Hayes Jope (24) 6 59º41’59’’ 23º01’03’’
T. patagonica Argentina Santa Fé 9 de Julio (25) 21 61º41’42’’ 28º56’44’’

aClassification by species made by the collectors according to Lent and Wygodzinsky (1979) and Jurberg et al. (1998). T. sordida from Argentina has been 
redescribed as a new species, T. rosai by Alevi et al. (2020).

bNumbers correspond to positions in the map (Supp Fig. 1 [online only]).
cNumber of insects per locality.
dIn brackets, country abbreviations used in tables and figures.
eT. sordida specimens from Izozog were sent to our lab already classified by the provider (Dr. François Noireau) as members of genotypes G1 (5 insects) or G2 

(9 insects).
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Table 2. Relative amounts of the CHC used in the discriminant analyses of the species and populations analyzed in this study

Species and populations KI 2775 KI 2857 KI 2975 KI 2993

Tros Formosa [AR] 1.17 ± 0.15 0.37 ± 0.04 4.97 ± 0.54 tr
Tsor La Paz [BO] 0.24 ± 0.09 0.35 ± 0.07 1.17 ± 0.25 nd
Tsor Santa Cruz (IzozogG1) [BO] 0.43 ± 0.08 2.44 ± 0.29 0.85 ± 0.08 nd
Tsor Santa Cruz (IzozogG2) [BO] 0.32 ± 0.06 0.13 ± 0.04 1.34 ± 0.14 nd
Tsor Cochabamba [BO] 1.55 ± 0.16 1.10 ± 0.16 2.84 ± 0.25 nd
Tsor Goias [BR] 0.55 ± 0.02 0.22 ± 0.05 0.90 ± 0.25 nd
Tsor Rio Verde [BR] 0.22 ± 0.03 0.25 ± 0.05 0.70 ± 0.09 nd
Tsor Mato Grosso [BR] 0.22 ± 0.06 0.80 ± 0.15 1.18 ± 0.15 tr
Tsor Tocantins [BR] 0.20 ± 0.04 0.10 ± 0.03 0.44 ± 0.07 nd
Tsor Boquerón [PA] 0.66 ± 0.21 tr 1.67 ± 0.34 nd
Tsor Concepción [PA] 1.72 ± 0.43 0.33 ± 0.10 4.24 ± 1.57 nd
Tsor Paraguarí [PA] 1.48 ± 0.49 0.14 ± 0.09 3.83 ± 0.45 nd
Tsor Pte. Hayes [PA] 0.83 ± 0.21 tr 1.24 ± 0.27 tr
Tsor San Pedro [PA] 1.24 ± 0.29 0.25 ± 0.03 4.62 ± 0.49 nd
Tgar La Rioja [AR] 4.40 ± 0.50 0.96 ± 0.07 2.07 ± 0.12 0.90 ± 0.10
Tgar Sgo. del Estero [AR] 1.14 ± 0.16 0.55 ± 0.02 1.18 ± 0.14 0.71 ± 0.07
Tgar Salta [AR] 4.17 ± 0.40 0.47 ± 0.05 6.22 ± 1.22 0.45 ± 0.04
Tgua Sgo. del Estero [AR] 0.57 ± 0.04 0.23 ± 0.02 1.00 ± 0.05 nd
Tgua Cochabamba [BO] 0.23 ± 0.03 tr 0.24 ± 0.03 nd
Tgua Boquerón [PA] 1.48 ± 0.66 tr 0.15 ± 0.07 nd
Tgua Pte. Hayes [PA] 0.76 ± 0.26 tr 0.34 ± 0.07 nd
Tpat Santa Fé [AR] 0.37 ± 0.03 0.11 ± 0.02 0.29 ± 0.03 nd
Tinf Tarija [BO] 0.18 ± 0.01 0.41 ± 0.03 4.29 ± 0.23 nd
Tinf Cochabamba [BO] 0.16 ± 0.01 0.26 ± 0.03 7.50 ± 0.32 nd
Tinf Catamarca [AR] 0.18 ± 0.01 0.33 ± 0.02 6.44 ± 0.39 nd
Tinf Chaco [AR] 0.16 ± 0.01 0.39 ± 0.03 5.98 ± 0.33 nd
Tinf San Pedro [PA] 0.20 ± 0.03 0.46 ± 0.10 4.66 ± 0.81 nd
Tinf Pte. Hayes [PA] 0.24 ± 0.03 0.47 ± 0.10 4.53 ± 0.70 nd
Tinf Arequipa [PE] 0.18 ± 0.02 0.42 ± 0.03 8.34 ± 1.02 nd
Tdim Costa Rica tr nd tr nd

Species and populations KI 3000 KI 3087 KI 3175 KI 3183

Tros Formosa [AR] 0.64 ± 0.03 nd 4.72 ± 0.47 3.14 ± 0.41
Tsor La Paz [BO] 1.08 ± 0.07 nd 0.85 ± 0.18 0.11 ± 0.06
Tsor Santa Cruz (IzozogG1) [BO] 1.85 ± 0.12 nd 0.93 ± 0.13 nd
Tsor Santa Cruz (IzozogG2) [BO] 0.92 ± 0.06 nd 11.70 ± 1.32 1.40 ± 0.24
Tsor Cochabamba [BO] 0.63 ± 0.06 nd 13.69 ± 0.58 nd
Tsor Goias [BR] 0.98 ± 0.04 nd 1.15 ± 0.23 nd
Tsor Rio Verde [BR] 1.13 ± 0.09 nd 0.50 ± 0.08 nd
Tsor Mato Grosso [BR] 0.79 ± 0.05 nd 0.54 ± 0.09 tr
Tsor Tocantins [BR] 0.80 ± 0.03 nd 0.75 ± 0.07 nd
Tsor Boquerón [PA] 1.36 ± 0.08 nd 5.40 ± 0.77 1.05 ± 0.32
Tsor Concepción [PA] 0.72 ± 0.05 nd 1.20 ± 0.23 0.15 ± 0.07
Tsor Paraguarí [PA] 0.93 ± 0.12 nd 2.04 ± 0.32 tr
Tsor Pte. Hayes [PA] 1.24 ± 0.07 nd 2.85 ± 0.34 0.98 ± 0.38
Tsor San Pedro [PA] 0.86 ± 0.05 nd 1.82 ± 0.29 0.18 ± 0.15
Tgar La Rioja [AR] 0.53 ± 0.05 nd 5.70 ± 0.61 0.24 ± 0.03
Tgar Sgo. del Estero [AR] 0.65 ± 0.03 nd 3.70 ± 0.35 0.38 ± 0.05
Tgar Salta [AR] 0.18 ± 0.01 nd 6.30 ± 1.15 tr
Tgua Sgo. del Estero [AR] 1.04 ± 0.06 nd 4.75 ± 0.20 nd
Tgua Cochabamba [BO] 1.03 ± 0.09 nd 1.64 ± 0.41 nd
Tgua Boquerón [PA] 1.89 ± 0.15 nd 0.92 ± 0.28 tr
Tgua Pte. Hayes [PA] 1.27 ± 0.08 nd 2.04 ± 0.76 tr
Tpat Santa Fé [AR] 0.88 ± 0.03 nd 3.16 ± 0.16 nd
Tinf Tarija [BO] 2.64 ± 0.09 nd 0.69 ± 0.05 tr
Tinf Cochabamba [BO] 2.32 ± 0.13 nd 1.90 ± 0.10 tr
Tinf Catamarca [AR] 2.44 ± 0.06 nd 0.59 ± 0.03 tr
Tinf Chaco [AR] 2.05 ± 0.06 nd 0.65 ± 0.04 tr
Tinf San Pedro [PA] 2.71 ± 0.18 nd 0.49 ± 0.10 0.10 ± 0.06
Tinf Pte. Hayes [PA] 2.39 ± 0.20 nd 0.53 ± 0.06 tr
Tinf Arequipa [PE] 2.93 ± 0.32 nd 1.46 ± 0.20 tr
Tdim Costa Rica 1.23 ± 0.06 1.67 ± 0.15 nd nd
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Table 2. Continued

Species and populations KI 3202 KI 3258 KI 3287 KI 3375
Tros Formosa [AR] 0.38 ± 0.03 0.79 ± 0.09 nd 2.03 ± 0.19
Tsor La Paz [BO] 0.71 ± 0.13 0.44 ± 0.09 nd 3.30 ± 0.46
Tsor Santa Cruz (IzozogG1) [BO] 0.72 ± 0.08 1.83 ± 0.31 nd 0.69 ± 0.07
Tsor Santa Cruz (IzozogG2) [BO] 0.40 ± 0.04 1.44 ± 0.15 nd 2.77 ± 0.23
Tsor Cochabamba [BO] 0.20 ± 0.01 0.99 ± 0.10 nd 1.65 ± 0.23
Tsor Goias [BR] 0.59 ± 0.13 0.73 ± 0.07 nd 3.86 ± 0.18
Tsor Rio Verde [BR] 0.96 ± 0.05 0.16 ± 0.05 nd 1.12 ± 0.16
Tsor Mato Grosso [BR] 1.25 ± 0.16 0.61 ± 0.06 nd 1.07 ± 0.18
Tsor Tocantins [BR] 1.36 ± 0.11 0.18 ± 0.04 nd 1.06 ± 0.13
Tsor Boquerón [PA] 0.60 ± 0.05 1.61 ± 0.17 nd 2.43 ± 0.38
Tsor Concepción [PA] 1.01 ± 0.17 tr nd 0.78 ± 0.12
Tsor Paraguarí [PA] 0.56 ± 0.05 0.15 ± 0.07 nd 1.40 ± 0.28
Tsor Pte. Hayes [PA] 0.59 ± 0.03 1.02 ± 0.11 nd 1.52 ± 0.22
Tsor San Pedro [PA] 0.58 ± 0.05 0.14 ± 0.06 nd 1.09 ± 0.12
Tgar La Rioja [AR] 0.15 ± 0.03 0.41 ± 0.04 nd 1.32 ± 0.12
Tgar Sgo. del Estero [AR] 0.20 ± 0.02 0.25 ± 0.03 nd 0.88 ± 0.04
Tgar Salta [AR] 0.37 ± 0.04 0.68 ± 0.13 nd 1.43 ± 0.21
Tgua Sgo. del Estero [AR] 0.44 ± 0.02 0.28 ± 0.02 nd 5.97 ± 0.31
Tgua Cochabamba [BO] 0.53 ± 0.05 0.39 ± 0.10 nd 5.03 ± 0.53
Tgua Boquerón [PA] 0.92 ± 0.10 tr nd 5.08 ± 0.27
Tgua Pte. Hayes [PA] 0.62 ± 0.08 0.19 ± 0.04 nd 3.98 ± 0.43
Tpat Santa Fé [AR] 0.36 ± 0.02 0.20 ± 0.02 nd 7.63 ± 0.35
Tinf Tarija [BO] 0.45 ± 0.01 1.52 ± 0.06 nd 0.21 ± 0.01
Tinf Cochabamba [BO] 0.58 ± 0.02 1.47 ± 0.09 nd 0.83 ± 0.06
Tinf Catamarca [AR] 0.27 ± 0.01 2.00 ± 0.11 nd 0.19 ± 0.01
Tinf Chaco [AR] 0.32 ± 0.01 1.53 ± 0.08 nd 0.16 ± 0.01
Tinf San Pedro [PA] 0.34 ± 0.03 1.69 ± 0.23 nd 0.29 ± 0.05
Tinf Pte. Hayes [PA] 0.48 ± 0.06 1.13 ± 0.22 nd 0.22 ± 0.04
Tinf Arequipa [PE] 0.54 ± 0.04 2.34 ± 0.23 nd 0.48 ± 0.06
Tdim Costa Rica 0.36 ± 0.04 nd 1.00 ± 0.10 nd

Species and populations KI 3383 KI 3581 KI 3678 KI 3727

Tros Formosa [AR] 2.31 ± 0.24 0.76 ± 0.06 0.90 ± 0.08 3.69 ± 0.26
Tsor La Paz [BO] 0.45 ± 0.09 2.88 ± 0.29 1.55 ± 0.22 3.45 ± 0.23
Tsor Santa Cruz (IzozogG1) [BO] nd 0.63 ± 0.06 0.82 ± 0.18 3.68 ± 0.44
Tsor Santa Cruz (IzozogG2) [BO] 1.12 ± 0.20 0.65 ± 0.06 0.71 ± 0.08 3.30 ± 0.25
Tsor Cochabamba [BO] 0.25 ± 0.03 2.38 ± 0.21 2.36 ± 0.46 5.49 ± 0.26
Tsor Goias [BR] 0.13 ± 0.13 2.80 ± 0.25 1.25 ± 0.15 4.47 ± 0.47
Tsor Rio Verde [BR] 0.40 ± 0.10 2.71 ± 0.38 1.67 ± 0.24 4.60 ± 0.33
Tsor Mato Grosso [BR] 0.90 ± 0.14 3.05 ± 0.25 1.48 ± 0.08 3.83 ± 0.36
Tsor Tocantins [BR] 0.30 ± 0.05 3.04 ± 0.22 1.86 ± 0.18 4.23 ± 0.22
Tsor Boquerón [PA] 3.89 ± 0.34 0.82 ± 0.06 0.40 ± 0.05 1.50 ± 0.14
Tsor Concepción [PA] 0.20 ± 0.15 1.64 ± 0.20 1.39 ± 0.19 2.64 ± 0.36
Tsor Paraguarí [PA] 0.22 ± 0.07 1.62 ± 0.25 1.18 ± 0.14 2.53 ± 0.44
Tsor Pte. Hayes [PA] 3.68 ± 0.61 1.20 ± 0.08 0.67 ± 0.10 1.85 ± 0.16
Tsor San Pedro [PA] 0.33 ± 0.26 1.07 ± 0.10 0.92 ± 0.07 2.38 ± 0.20
Tgar La Rioja [AR] 0.13 ± 0.04 1.08 ± 0.06 1.08 ± 0.10 1.50 ± 0.10
Tgar Sgo. del Estero [AR] tr 0.95 ± 0.05 1.19 ± 0.13 1.37 ± 0.18
Tgar Salta [AR] 0.11 ± 0.07 0.90 ± 0.10 0.89 ± 0.11 2.53 ± 0.37
Tgua Sgo. del Estero [AR] tr 1.41 ± 0.09 1.19 ± 0.07 0.65 ± 0.04
Tgua Cochabamba [BO] tr 1.26 ± 0.14 0.40 ± 0.07 2.23 ± 0.10
Tgua Boquerón [PA] tr 1.01 ± 0.18 0.67 ± 0.03 0.52 ± 0.04
Tgua Pte. Hayes [PA] tr 0.94 ± 0.19 0.56 ± 0.12 0.47 ± 0.06
Tpat Santa Fé [AR] nd 0.98 ± 0.05 0.72 ± 0.04 0.63 ± 0.05
Tinf Tarija [BO] nd 1.47 ± 0.07 0.38 ± 0.02 1.62 ± 0.06
Tinf Cochabamba [BO] nd 0.90 ± 0.05 0.59 ± 0.03 1.47 ± 0.09
Tinf Catamarca [AR] nd 1.33 ± 0.09 0.35 ± 0.02 1.68 ± 0.07
Tinf Chaco [AR] nd 1.52 ± 0.10 0.37 ± 0.02 1.85 ± 0.07
Tinf San Pedro [PA] nd 1.84 ± 0.44 0.61 ± 0.12 1.37 ± 0.16
Tinf Pte. Hayes [PA] nd 1.51 ± 0.15 0.41 ± 0.07 1.65 ± 0.25
Tinf Arequipa [PE] nd 0.77 ± 0.09 0.31 ± 0.03 1.96 ± 0.10
Tdim Costa Rica nd 0.38 ± 0.04 0.59 ± 0.14 1.37 ± 0.10
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Species and populations KI 3761 KI 3805 KI 3827 KI 3877

Tros Formosa [AR] tr 1.91 ± 0.17 0.35 ± 0.03 0.39 ± 0.08
Tsor La Paz [BO] 0.21 ± 0.03 2.16 ± 0.20 0.78 ± 0.07 0.17 ± 0.06
Tsor Santa Cruz (IzozogG1) [BO] 0.29 ± 0.05 0.93 ± 0.11 1.19 ± 0.10 0.30 ± 0.04
Tsor Santa Cruz (IzozogG2) [BO] tr 1.98 ± 0.16 0.48 ± 0.08 0.38 ± 0.05
Tsor Cochabamba [BO] 0.86 ± 0.10 2.49 ± 0.29 2.06 ± 0.23 0.28 ± 0.03
Tsor Goias [BR] nd 2.91 ± 0.11 0.88 ± 0.11 0.50 ± 0.08
Tsor Rio Verde [BR] 0.19 ± 0.06 2.68 ± 0.27 0.71 ± 0.06 0.13 ± 0.04
Tsor Mato Grosso [BR] tr 2.16 ± 0.09 0.71 ± 0.08 0.22 ± 0.05
Tsor Tocantins [BR] 0.20 ± 0.07 2.06 ± 0.12 0.80 ± 0.11 0.20 ± 0.05
Tsor Boquerón [PA] nd 1.63 ± 0.20 0.82 ± 0.05 0.22 ± 0.06
Tsor Concepción [PA] 0.14 ± 0.09 1.32 ± 0.16 0.90 ± 0.07 tr
Tsor Paraguarí [PA] nd 1.71 ± 0.42 0.65 ± 0.10 tr
Tsor Pte. Hayes [PA] nd 1.70 ± 0.17 0.89 ± 0.07 0.25 ± 0.07
Tsor San Pedro [PA] nd 1.20 ± 0.20 0.72 ± 0.11 tr
Tgar La Rioja [AR] tr 1.68 ± 0.12 0.45 ± 0.03 0.37 ± 0.04
Tgar Sgo. del Estero [AR] 0.58 ± 0.40 1.67 ± 0.09 0.68 ± 0.07 0.42 ± 0.03
Tgar Salta [AR] 0.68 ± 0.14 2.42 ± 0.12 0.40 ± 0.03 0.86 ± 0.07
Tgua Sgo. del Estero [AR] 3.44 ± 0.23 0.88 ± 0.04 0.22 ± 0.03 tr
Tgua Cochabamba [BO] 1.33 ± 0.16 0.88 ± 0.10 0.82 ± 0.06 0.12 ± 0.03
Tgua Boquerón [PA] 2.13 ± 0.24 1.91 ± 0.09 0.68 ± 0.05 0.31 ± 0.05
Tgua Pte. Hayes [PA] 2.00 ± 0.35 1.67 ± 0.20 0.67 ± 0.07 0.37 ± 0.06
Tpat Santa Fé [AR] 1.42 ± 0.09 1.58 ± 0.08 0.27 ± 0.04 tr
Tinf Tarija [BO] nd 0.63 ± 0.03 tr 0.23 ± 0.02
Tinf Cochabamba [BO] nd 1.23 ± 0.05 tr 0.37 ± 0.02
Tinf Catamarca [AR] nd 0.60 ± 0.04 tr 0.17 ± 0.01
Tinf Chaco [AR] nd 0.50 ± 0.03 tr 0.19 ± 0.01
Tinf San Pedro [PA] nd 0.62 ± 0.13 tr 0.36 ± 0.08
Tinf Pte. Hayes [PA] nd 0.57 ± 0.13 tr 0.27 ± 0.09
Tinf Arequipa [PE] nd 1.01 ± 0.08 tr 0.19 ± 0.02
Tdim Costa Rica nd 0.77 ± 0.09 1.05 ± 0.13 0.54 ± 0.09

Species and populations KI 3897 KI 3940 KI 3981
Tros Formosa [AR] nd 0.99 ± 0.14 1.68 ± 0.22
Tsor La Paz [BO] nd 0.98 ± 0.09 1.76 ± 0.20
Tsor Santa Cruz (IzozogG1) [BO] nd 1.74 ± 0.20 2.87 ± 0.14
Tsor Santa Cruz (IzozogG2) [BO] nd 1.04 ± 0.22 1.83 ± 0.08
Tsor Cochabamba [BO] nd 1.37 ± 0.01 3.99 ± 0.34
Tsor Goias [BR] nd 1.23 ± 0.12 1.97 ± 0.20
Tsor Rio Verde [BR] nd 1.92 ± 0.30 3.33 ± 0.35
Tsor Mato Grosso [BR] nd 1.00 ± 0.15 2.25 ± 0.36
Tsor Tocantins [BR] nd 2.26 ± 0.35 3.06 ± 0.37
Tsor Boquerón [PA] nd 1.39 ± 0.09 2.25 ± 0.38
Tsor Concepción [PA] nd 1.86 ± 0.30 3.47 ± 0.65
Tsor Paraguarí [PA] nd 1.76 ± 0.25 4.48 ± 0.70
Tsor Pte. Hayes [PA] nd 1.65 ± 0.09 2.56 ± 0.39
Tsor San Pedro [PA] nd 1.59 ± 0.20 2.21 ± 0.25
Tgar La Rioja [AR] nd 1.19 ± 0.06 4.12 ± 0.30
Tgar Sgo. del Estero [AR] nd 1.19 ± 0.06 5.26 ± 0.38
Tgar Salta [AR] nd 1.31 ± 0.17 4.08 ± 0.28
Tgua Sgo. del Estero [AR] nd 1.16 ± 0.05 5.52 ± 0.45
Tgua Cochabamba [BO] nd 3.16 ± 0.31 10.22 ± 1.30
Tgua Boquerón [PA] nd 1.19 ± 0.17 7.46 ± 0.80
Tgua Pte. Hayes [PA] nd 1.15 ± 0.17 7.66 ± 1.32
Tpat Santa Fé [AR] nd 1.24 ± 0.07 4.61 ± 0.40
Tinf Tarija [BO] nd nd 1.32 ± 0.09
Tinf Cochabamba [BO] nd nd 1.61 ± 0.09
Tinf Catamarca [AR] nd nd 0.85 ± 0.04
Tinf Chaco [AR] nd nd 0.84 ± 0.03
Tinf San Pedro [PA] nd nd 1.18 ± 0.22
Tinf Pte. Hayes [PA] nd nd 1.37 ± 0.31

Table 2. Continued
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with some mixing between insects from the Paraguayan populations 
(Supp Table S3 [online only]).

Interspecific Variability
Sixteen out of more than 100 CHC (KIs 2775, 2857, 2975, 2993, 
3087, 3175, 3202, 3287, 3383, 3727, 3761, 3827, 3877, 3897, 
3940, and 3981) were used to classify all the species and populations 
analyzed in this study (Wilk’s λ of 0.11, P < 0.001). The specimens 
correctly classified in the original and cross-validated classification 
were 87.5% and 78.6%, respectively (Supp Table S4 [online only]). 
The classification results showed that there was no overlapping be-
tween most of the species; however, 4% of the T. patagonica spe-
cimens were misclassified as T. guasayana from Argentina. Some 
CHC contributed the most for the differentiation between species 
and species’ populations, as follows: KI 3087 and KI 3897 for  
T. dimidiata; KI 3940 for T. infestans; KI 2993 and KI 2775 for  
T. garciabesi; KI 3981, KI 3375, and KI 3761 for T. guasayana 
and T. patagonica, together; KI 3827, KI 3175, and KI 3383 for 
T. sordida and T. rosai (Table 2). The most unexpected result 
of the analysis was that T. guasayana and T. patagonica were 
placed outside the T. sordida subcomplex (Fig. 1B). In addition,  
T. patagonica did not cluster separately as a different species, in-
stead it was grouped as another T. guasayana population, closer to 
T. guasayana specimens from Central Argentina.

Discussion

Within triatomines, T. infestans and T. dimidiata are currently the 
two species of higher sanitary relevance. Our previous work using 
the CHC pattern as a chemotaxonomy tool has provided valuable 
information on their population structure throughout most of their 
distribution range (Calderón-Fernández et al. 2011, 2012). These 
studies showed a large intraspecific variability and led to suggest 
the existence of different subspecies for both species, in agreement 
with other molecular, cytogenetic, and phenotype markers (Bargues 
et  al. 2006, 2008; Panzera et  al. 2006, 2014). Additionally, sig-
nificant CHC differences were detected in T. infestans between 
insecticide-resistant and insecticide-susceptible populations 
(Calderón-Fernández et al. 2012).

Early studies of the triatomine CHC have given preliminary ev-
idence of the potential of this technique; T. sordida was easily dif-
ferentiated from T. infestans, T. guasayana and other triatomines 
(Juárez and Brenner 1986). And more recently, the description of the 
CHC identity in the four species initially grouped in the T. sordida 

subcomplex has suggested significant differences between species as 
well as between T. sordida populations from Argentina and Brazil 
(Calderón-Fernández and Juárez 2013). In this work, the use of 
multivariate techniques to analyze the CHC profiles of T. sordida, 
T. rosai, T. garciabesi, T. guasayana and T. patagonica along most 
of their distribution range provides a more comprehensive view of 
the relationship between their populations and between the species 
themselves.

T. sordida
T. sordida has been early recognized as a highly variable single 
species (Lent and Wygodzinsky 1979). However, some studies per-
formed in the ‘90s started to point out the possible existence of at 
least two cryptic species within T. sordida. Significant differences 
in the autosomal C-heterochromatin and isoenzymatic markers, 
like those reported for recently diverging species, were detected be-
tween Argentinean and Brazilian populations (Panzera et al. 1997). 
In addition, isoenzymatic analysis carried out in Bolivian popula-
tions revealed the existence of two putative cryptic species, which 
coexist in the Chaco region (Noireau et  al. 1998); hybrid speci-
mens of these two groups were also detected. CGC-MS analysis 
of CHC obtained from two samples, a population from Argentina 
and another from Brazil, revealed significant qualitative differences 
in their CHC profiles (Calderón-Fernández and Juárez 2013). 
Studies based on chromosomal, genetic, morphologic features, 
and morphometric measures (Gonzalez-Britez et al. 2014, Panzera 
et  al. 2015, Nattero et  al. 2017, Belintani et  al. 2020) gave fur-
ther support to the hypothesis of significant differences between T. 
sordida specimens from Argentina and those from Bolivia, Brazil, 
and Paraguay, leading to integrative taxonomic analyses that de-
scribed T. sordida from Argentina as a new species named T. rosai 
(Alevi et al. 2020).

Our current work analyzing samples of T. sordida and T. rosai 
shows that most of the specimens formed two CHC-based groups, 
as follows:

- Group  1 includes T. sordida specimens distributed in Brazil, 
Central and Eastern Paraguay, and part of the Bolivian Chaco; 
it shows some coincidence with the so-called T. sordida Eastern 
Paraguay (Gonzalez-Britez et al. 2014), T. sordida sensu stricto 
(Panzera et  al. 2015), T. sordida from Brazil (Belintani et  al. 
2020), and T. sordida Brazil and Bolivia (Nattero et al. 2017).

- Group  2 includes T. rosai, and T. sordida specimens from 
Western Paraguay and some parts of Bolivia; it shows some 
coincidence with the taxa T. sordida Western Paraguay 

Table 2. Continued

Species and populations KI 3897 KI 3940 KI 3981

Tinf Arequipa [PE] nd nd 1.33 ± 0.07
Tdim Costa Rica 1.58 ± 0.34 1.05 ± 0.16 1.09 ± 0.15

Values are mean relative abundance ± standard error of the mean.
Uppercase initials in brackets indicate population’s country of origin.
Abbreviations: Tros, T. rosai; Tsor, T. sordida; Tgar, T. garciabesi; Tgua, T. guasayana; Tpat, T. patagonica; Tinf, T. infestans; Tdim, T. dimidiata; KI, Kovats 

index; nd, not detected; tr, traces (relative abundance ˂ 0.10)
CHC identity according to Calderón-Fernández et al. (2011, 2012) and Calderón-Fernández and Juárez (2013), as follows: KI 2775, 3-methyl C27; KI 2857, 

4-methyl C28; KI 2975, 3-methyl C29; KI 2993, 7,13,17-trimethyl C29; KI 3000, nC30; KI 3087, nC31:1; KI 3175, 3-methyl C31; KI 3183, 9,13,19- + 11,15,19- 
+ 11,15,21-trimethyl C31; KI 3202, nC32; KI 3258, 4-methyl C32; KI 3287, nC33:1; KI 3375, 3-methyl C33; KI 3383, 11,15,21- + 11,17,21-trimethyl C33; KI 
3581, 13,17,23- + 13,17,21- + 11,15,21-trimethyl C35; KI 3678, 6,10-dimethyl C36; KI 3727, 2,6,10-trimethyl C36 + 11- + 13- + 15-methyl C37; KI 3761, 13,17- 
+ 11,15- + 9,13- + 15,19-dimethyl C37; KI 3805, 3,11- + 3,15- + 3,13- + 3,17-dimethyl C37; KI 3827, 12- + 14- + 16-methyl C38; KI 3877, 6,10-dimethyl C38 + 
14,18,22-trimethyl C38; KI 3897, 6,10,14-trimethyl C38; KI 3940, 4,8,12,16-tetramethyl C38; KI 3981, 5,15- + 5,17-dimethyl C39 + 13,17,21- + 13,17,23 + 
15,19,23-trimethyl C39.
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(Gonzalez-Britez et al. 2014), T. sordida from Bolivia (Belintani 
et  al. 2020), and T. sordida Argentina (Panzera et  al. 2015, 
Nattero et al. 2017, Belintani et al. 2020), the latter now de-
scribed as a new species, T. rosai (Alevi et al. 2020).

Panzera et  al. (2015) suggested that T. sordida samples from 
Western Paraguay and those identified as Group 2 by isoenzymatic 
studies (Noireau et  al. 1998) were misclassified specimens of T. 
garciabesi. Thus, they extended the distribution of this species to 
Western Paraguay and the Bolivian Chaco. However, our analysis 
did not show agreement with that result, as many significant dif-
ferences were detected in the CHC profile between T. sordida from 
Western Paraguay and Bolivia, and T. garciabesi (Table 2), and this 

is reflected in the classification results and the dendrogram derived 
from our multivariate analyses. Interestingly, one of these controver-
sial specimens was further classified as T. sordida by Belintani et al. 
(2020). A multidisciplinary study using the same samples may help 
elucidate this discrepancy.

The CHC series of internally branched odd chain trimethyl iso-
mers from C31 to C39 (KI 3183, KI 3383, KI 3581, and KI 3981), 
which starts from the same single precursors (internally branched tri-
methyl isomers of C29), seems to have differentially evolved to dis-
tinguish between these two CHC-based groups. The CHC 3-methyl 
C31 (KI 3175) also contributes to this differentiation (Table 2, Fig. 
1A). The T. sordida population from Cochabamba showed a large 
differentiation (Fig. 1A) compared to the other populations of the 

Fig. 1. Mahalanobis distance unweighted pair-group method with arithmetic average tree based on discriminant analyses of T. sordida and T. rosai populations 
(A), all the species and populations analyzed in this study (B). Rectangles in (A): Most of T. sordida populations clustered in two major CHC-based groups, Group 
1 and Group 2; group names are given following the original nomenclature by Noireau et al. (1998). T. rosai from Formosa, Argentina (*) is included in Group 
2. Rectangle in (B): T. sordida subcomplex. Uppercase initials in brackets indicate population’s country of origin (AR, Argentina; BO, Bolivia; BR, Brazil; PA, 
Paraguay; PE, Peru). Abbreviations: Tros, T. rosai; Tsor, T. sordida; Tgar, T. garciabesi; Tgua, T. guasayana; Tpat, T. patagonica; Tinf, T. infestans; Tdim, T. dimidiata; 
Pte., Presidente; Sgo., Santiago.
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species, suggesting it might be part of another Group to be identi-
fied. This differentiation is based mostly on the relative amounts 
of the internally branched trimethyl isomers of C33 (KI 3383), 
3-methyl C31 (KI 3175), and 4-methyl C32 (KI 3258)  hydrocar-
bons, but it is also based on its overall more complex hydrocarbon 
pattern, with larger relative abundance of high molecular weight 
methyl-branched hydrocarbons than other T. sordida populations. 
The CHC pattern of this population is somewhat similar to that of 
T. garciabesi, a species associated with a dry climate, and molecular 
studies on the biological role of methyl-branched hydrocarbons in 
triatomines have shown that they are related to an increased desic-
cation tolerance (Moriconi et al. 2019, Dulbecco et al. 2020). Thus, 
the CHC pattern of this population could be an evolutive adap-
tation to the higher altitude and drier climate of Western Bolivia. 
Interestingly, a third putative cryptic species was proposed after 
studying the chromosomal features of nine specimens collected in 
La Paz, Bolivia (Panzera et al. 2015).

Our CHC analysis based on Mahalanobis distances failed in sep-
arating T. rosai from the other T. sordida populations clustered in 
Group  2 (Fig. 1A and B). This could be related to using a single 
population of this recently described species for CHC analysis, as 
something somewhat similar happened when we analyzed the inter-
specific relationship of T. patagonica and T. guasayana (see below).

T. garciabesi
After its original description (Carcavallo et al. 1967), T. garciabesi 
was synonymized with T. sordida by Lent and Wygodzinsky 
(1979), being considered as a darker and smaller form found in 
Northwestern Argentina. However, the species was later revalid-
ated based on morphological and cytogenetic characters (Jurberg 
et  al. 1998). T. garciabesi showed a more complex hydrocarbon 
profile in comparison to the other species of the subcomplex, espe-
cially in its larger number of hydrocarbon components (Calderón-
Fernández and Juárez 2013). The discriminant analysis of the whole 
subcomplex reflects that this species has a level of differentiation in 
their CHC compatible with its classification as a distinct species (Fig. 
1B). This differentiation is based mostly on the relative abundance 
of the 7,13,17-trimethyl C29 (KI 2993), 3-methyl C27 (KI 2775), 
2,6,10-trimethyl C36 (KI 3727), and trimethyl isomers of C39 (KI 
3981) hydrocarbons (Table 2). In addition, species reclassification 
using the cross-validation method evidenced some overlapping be-
tween T. garciabesi populations from Santiago del Estero and La 
Rioja, but no overlapping with specimens of the other species was 
observed (Supp Table S4 [online only]), which gives support to its 
specific status. Recent chromosomal, molecular, morphological, 
and morphometric analysis have contributed to clearly differentiate 
T. garciabesi from T. sordida, T. rosai, and other species of the T. 
sordida subcomplex (Panzera et al. 2015; Nattero et al. 2017; Alevi 
et al. 2020; Belintani et al. 2020, 2021).

T. guasayana and T. patagonica
Our previous study on CHC identification showed that both spe-
cies have a very similar hydrocarbon profile, and almost no qual-
itative differences are evident between them (Calderón-Fernández 
and Juárez 2013). Current multivariate analysis, using a larger 
sample size and more populations, shows a complete inclusion of 
T. patagonica within the group formed by T. guasayana populations 
(Fig. 1B). Furthermore, after reclassifying the specimens by cross-
validation, the single overlapping between species was detected for 
T. guasayana and T. patagonica (Supp Table S4 [online only]). These 
results might suggest that the taxonomic distinction of these two 

species should be reconsidered. Early studies based on body morpho-
metrics and antennal sensilla pattern had shown an incomplete sep-
aration between T. patagonica and T. guasayana (Gorla et al. 1993), 
and more recent head-and-wing morphometric analyses resulted in 
about 6% to 14% of the T. patagonica specimens misclassified as 
T. guasayana (Nattero et al. 2017). However, our results should be 
taken cautiously as only a single T. patagonica population has been 
analyzed, which might affect the usefulness of CHC to discriminate 
between species. In addition, a recent comprehensive work made on 
this species showed that it has a large phenotypic variation along 
its distribution (Nattero et al. 2016). Early chromosomal analyses 
provided a good differentiation of these two species, although they 
showed a closer relationship of T. patagonica with T. guasayana than 
with T. sordida (Panzera et  al. 1997), and more recent molecular, 
morphometric, and morphological studies of insects and their eggs 
clearly identified T. patagonica as a distinct species (Belintani et al, 
2020, 2021).

Regarding the relationship of these two species with T. sordida 
and T. garciabesi, previous CHC identification has shown that they 
have a much simpler hydrocarbon profile, characterized by the lack 
of several components detected in the latter two species (Calderón-
Fernández and Juárez 2013). Present work shows that T. guasayana 
and T. patagonica do not have a close relationship with T. sordida 
and T. garciabesi. The 5,15- and 5,17-dimethyl isomers of C39 
(within the peak KI 3,981), 3-methyl C33 (KI 3375), and dimethyl 
isomers of C37 (KI3761), are the hydrocarbons that best contribute 
to this result (Table 2), although the overall CHC profile is very dif-
ferent in these species, compared to that of T. sordida, T. rosai, and 
T. garciabesi. In contrast, there is a qualitative similarity between T. 
sordida, T. rosai, T. garciabesi and T. infestans, based on the amounts 
of mono, di, tri, and tetramethyl components with the first methyl 
group inserted in position 4 of the linear carbon chain together with 
other components, suggesting a common ancestor for these four spe-
cies (Juárez et al. 2007). Recent work from our lab has shown that the 
presence of specific hydrocarbons in the triatomine’s cuticle depends 
on the expression of several integument genes (Moriconi et al. 2019, 
Dulbecco et al. 2020), reflecting the genetic basis of the triatomine’s 
CHC pattern. Thus, T. guasayana and T. patagonica should not be 
included in the T. sordida subcomplex together with T. sordida and 
T. garciabesi, as it has been reflected by recent results applying other 
taxonomic markers (Panzera et al. 2015, Pita et al. 2016, Belintani 
et al. 2020). In fact, based on phylogenetic systematics, it is currently 
considered that the T. sordida subcomplex is a monophyletic group 
composed of the species T. sordida, T. garciabesi, T. rosai, T. jurbergi 
(Carcavallo et  al., 1998), T. matogrossensis (Leite and Barbosa, 
1953), and T. vandae (Carcavallo et al., 2002).

A multidisciplinary study using biochemical, molecular, chromo-
somal, and morphometric analyses on the same samples may help 
clarify the questions that still need answers about some aspects of 
the classification of these species.

Supplementary Data

Supplementary data are available at Journal of Medical Entomology online.

Acknowledgments
We would like to thank to Dr. Raúl Stariolo of the Servicio Nacional de 
Chagas and to Dr. François Noireau (in memoriam) for providing some of the 
samples. We also like to thank to the two anonymous reviewers for the careful 
reading of the manuscript and their valuable comments, which have greatly 
contributed to improve our manuscript. This research received financial 

D
ow

nloaded from
 https://academ

ic.oup.com
/jm

e/advance-article/doi/10.1093/jm
e/tjab199/6459193 by guest on 19 January 2022



10 Journal of Medical Entomology, 2021, Vol. XX, No. XX

support from grants of the Universidad Nacional de La Plata (UNLP) (M224) 
and Consejo Nacional de Investigaciones Científícas y Técnicas (CONICET) 
(PIP11220150100390). GC-F, JRG and MPJ are members of the CONICET 
Researcher Career. MPJ, GC-F and JRG conceived and designed the study; AS 
and CML provided samples from Paraguay, Brazil, and Bolivia; GC-F, JRG, 
CML, DEM and AS performed the purification and chromatographic analysis 
of cuticle hydrocarbons; DEM and GC-F performed the multivariate analyses; 
GC-F, MPJ, JRG, and CML wrote the manuscript. DEM and CML have con-
tributed equally to this work.

References Cited
Alevi, K. C., J. de Oliveira, M. T. de Azeredo-Oliveira, and J. A. da Rosa. 2017. 

Triatoma vitticeps subcomplex (Hemiptera, Reduviidae, Triatominae): a 
new grouping of Chagas disease vectors from South America. Parasit. 
Vectors. 10: 180.

Alevi, K. C. C., J. de Oliveira, A. C. C. Garcia, D. C. Cristal, L. M. G. Delgado, 
I.  de  Freitas  Bittinelli, Y.  V.  Dos  Reis, A.  Ravazi, A.  B.  B.  de  Oliveira, 
C. Galvão, et al. 2020. Triatoma rosai sp. nov. (Hemiptera, Triatominae): 
a new species of Argentinian Chagas disease vector described based on 
integrative taxonomy. Insects. 11.

Bagnères, A.-G., and C. Wicker-Thomas. 2010. Chemical taxonomy with hy-
drocarbons, pp. 121–162. In G. J. Blomquist, and A.-G. Bagneres (eds.), 
Insect Hydrocarbons. Cambridge University Press, Cambridge, UK.

Bargues, M. D., D. R. Klisiowicz, F. Panzera, F. Noireau, A. Marcilla, R. Perez, 
M.  G.  Rojas, J.  E.  O’Connor, F.  Gonzalez-Candelas, C.  Galvão, et  al. 
2006. Origin and phylogeography of the Chagas disease main vector 
Triatoma infestans based on nuclear rDNA sequences and genome size. 
Infect. Genet. Evol. 6: 46–62.

Bargues,  M.  D., D.  R.  Klisiowicz, F.  Gonzalez-Candelas, J.  M.  Ramsey, 
C. Monroy, C. Ponce, P. M. Salazar-Schettino, F. Panzera, F. Abad-Franch, 
O. E. Sousa, et al. 2008. Phylogeography and genetic variation of Triatoma 
dimidiata, the main Chagas disease vector in Central America, and its po-
sition within the genus Triatoma. PLoS Negl. Trop. Dis. 2: e233.

Belintani, T., J. Oliveira, H. Pinotti, L. A. Silva, K. C. C. Alevi, C. Galvão, 
and J.  A.  D.  Rosa. 2020. Phylogenetic and phenotypic relationships of 
the Triatoma sordida subcomplex (Hemiptera: Reduviidae: Triatominae). 
Acta Trop. 212: 105679.

Belintani, T., J. Oliveira, H. Pinotti, K. C. C. Alevi, J. D. Nascimento, E. Sasso-
Cerri, C. Galvão, and J. Aristeu da Rosa. 2021. Characterization of female 
external genitalia and eggs of four South American species of the Triatoma 
Laporte, 1832 Genus (Hemiptera: Reduviidae: Triatominae). Insects. 12.

Braga,  M.  V., Z.  T.  Pinto, M.  M.  de  Carvalho  Queiroz, N.  Matsumoto, and 
G. J. Blomquist. 2013. Cuticular hydrocarbons as a tool for the identification 
of insect species: puparial cases from Sarcophagidae. Acta Trop. 128: 479–485.

Calderón  Fernández,  G., M.  P.  Juárez, J.  Ramsey, P.  M.  Salazar  Schettino, 
M.  C.  Monroy, R.  Ordoñez, and M.  Cabrera. 2005. Cuticular hydro-
carbon variability among Triatoma dimidiata (Hemiptera: Reduviidae) 
populations from Mexico and Guatemala. J. Med. Entomol. 42: 780–788.

Calderón-Fernández, G. M., J. R. Girotti, and M. P. Juárez. 2011. Cuticular 
hydrocarbons of Triatoma dimidiata (Hemiptera: Reduviidae): intraspe-
cific variation and chemotaxonomy. J. Med. Entomol. 48: 262–271.

Calderón-Fernández, G. M., J. R. Girotti, and M. P. Juárez. 2012. Cuticular 
hydrocarbon pattern as a chemotaxonomy marker to assess intraspecific 
variability in Triatoma infestans, a major vector of Chagas’ disease. Med. 
Vet. Entomol. 26: 201–209.

Calderón-Fernández,  G.  M., and M.  P.  Juárez. 2013. The cuticular hy-
drocarbons of the Triatoma sordida species subcomplex (Hemiptera: 
Reduviidae). Mem. Inst. Oswaldo Cruz. 108: 778–784.

Carcavallo, R. U., J. A. Cichero, A. Martínez, A. F. Prosen, and R. Ronderos. 
1967. Una nueva especie del género Triatoma Laporte (Hemiptera, 
Reduviidae, Triatominae). Seg. J. Entomo-epidemiol. Argent. 2: 43–48.

Carlson, D. A., and M. W. Service. 1979. Differentiation between species of 
the Anopheles gambiae Giles complex (Diptera: Culicidae) by analysis of 
cuticular hydrocarbons. Ann. Trop. Med. Parasitol. 73: 589–592.

Carlson,  D.  A., and M.  W.  Service. 1980. Identification of mosquitoes of 
Anopheles gambiae species complex A and B by analysis of cuticular com-
ponents. Science. 207: 1089–1091.

Carlson, D. A., and J. F. Walsh. 1981. Identification of two West African black 
flies (Diptera: Simuliidae) of the Simulium damnosum species complex by 
analysis of cuticular paraffins. Acta Trop. 38: 235–239.

Carlson, D. A., S. K. Milstrey, and S. K. Narang. 1993. Classification of tsetse 
flies Glossina spp. (Diptera: Glossinidae) by gas chromatographic analysis 
of cuticular components. Bull. Entomol. Res. 83: 507.

Dale,  C., S.  A.  Justi, and C.  Galvão. 2021. Belminus santosmalletae 
(Hemiptera: Heteroptera: Reduviidae): New Species from Panama, with 
an Updated Key for Belminus Stål, 1859 Species. Insects. 12.

Dulbecco, A. B., D. E. Moriconi, S. Lynn, A. McCarthy, M. P. Juárez, J. R. Girotti, 
and G.  M.  Calderón-Fernández. 2020. Deciphering the role of Rhodnius 
prolixus CYP4G genes in straight and methyl-branched hydrocarbon forma-
tion and in desiccation tolerance. Insect Mol. Biol. 29: 431–443.

Galvão, C. 2020. Taxonomia Dos Vetores Da Doença De Chagas: Da Forma 
À Molécula, Quase Três Séculos De História, pp. 9–37. In N.F. Sbsczk 
Pereira Meneguetti (ed.), Atualidades Em Med. Trop. No Bras. Vetores. 
Stricto Sensu Editora, Rio Branco, Brazil.

Gardim,  S., C.  E.  Almeida, D.  M.  Takiya, J.  Oliveira, R.  F.  Araújo, 
R. M. Cicarelli, and J. A. da Rosa. 2014. Multiple mitochondrial genes 
of some sylvatic Brazilian Triatoma: non-monophyly of the T. brasiliensis 
subcomplex and the need for a generic revision in the Triatomini. Infect. 
Genet. Evol. 23: 74–79.

Gonzalez-Britez, N. E., H. J. Carrasco, C. E. Martínez Purroy, M. D. Feliciangeli, 
M. Maldonado, E. López, M.  J.  Segovia, and A. Rojas  de Arias. 2014. 
Genetic and morphometric variability of Triatoma sordida (Hemiptera: 
Reduviidae) from the eastern and western regions of Paraguay. Front. 
Public Health. 2: 149.

Gorla, D. E., J.  Jurberg, S. S. Catalá, and C. J. Schofield. 1993. Systematics 
of Triatoma sordida, T.  guasayana and T.  patagonica (Hemiptera, 
Reduviidae). Mem. Inst. Oswaldo Cruz. 88: 379–385.

Juárez, P., and R. R. Brenner. 1986. Biochemistry of the evolutive cycle of 
Triatoma infestans. IX. Composition of cuticular hydrocarbons com-
pared to other Triatominae. Acta Physiol. Pharmacol. Latinoam. 36: 
47–57.

Juarez,  M.  P., R.  Fernandez, C.  J.  Schofield, and J.  P.  Dujardin. 2000. 
Intergeneric comparison of epicuticular hydrocarbons in Triatominae. 
Res. Rev. Parasitol. 60: 121–127.

Juárez, M. P., G. Calderón Fernández, J. Girotti, and C. Macedo Lopes. 2007. 
Hidrocarburos cuticulares de triatominos, pp. 191–201. In M.  Rojas-
Cortez (ed.), Triatominos de Bolivia y la Enfermedad de Chagas. Ministerio 
de Salud y Deportes, La Paz, Bolivia.

Jurberg, J., C. Galvão, H. Lent, F. Monteiro, C. Macedo Lopes, F. Panzera, and 
R. Pérez. 1998. Revalidação de Triatoma garciabesi Carcavallo, Cichero, 
Martínez, Prosen & Ronderos, 1967 (Hemiptera: Reduviidae). Entomol. 
y Vectores. 5: 107–122.

Justi,  S.  A., and C.  Galvão. 2017. The evolutionary origin of diversity in 
Chagas disease vectors. Trends Parasitol. 33: 42–52.

Kovats, E. 1965. Gas chromatographic characterization of organic substances 
in the retention index system. Adv. Chromatogr. 1: 229–247.

Lachenbruch, P. A., and M. R. Mickey. 1968. Estimation of error rates in dis-
criminant analysis. Technometrics. 10: 1.

Lent, H., and P. Wygodzinsky. 1979. Revision of the Triatominae (Hemiptera: 
Reduviidae), and their significance as vectors of Chagas Disease. Bull. Am. 
Museum Nat. Hist. 163: 163–520.

Moriconi, D. E., A. B. Dulbecco, M. P. Juárez, and G. M. Calderón-Fernández. 
2019. A fatty acid synthase gene (FASN3) from the integument tissue of 
Rhodnius prolixus contributes to cuticle water loss regulation. Insect Mol. 
Biol. 28.

Nattero, J., S. Pita, L. Calleros, L. Crocco, Y. Panzera, C. S. Rodríguez, and 
F.  Panzera. 2016. Morphological and genetic differentiation within the 
southernmost vector of Chagas disease: Triatoma patagonica (Hemiptera: 
Reduviidae). PLoS One. 11: e0168853.

Nattero, J., R. V. Piccinali, C. Macedo Lopes, M. L. Hernández, L. Abrahan, 
P. A. Lobbia, C. S. Rodríguez, and A. L. Carbajal de la Fuente. 2017. 
Morphometric variability among the species of the Sordida subcomplex 
(Hemiptera: Reduviidae: Triatominae): evidence for differentiation 
across the distribution range of Triatoma sordida. Parasit. Vectors. 10: 
412.

D
ow

nloaded from
 https://academ

ic.oup.com
/jm

e/advance-article/doi/10.1093/jm
e/tjab199/6459193 by guest on 19 January 2022



11Journal of Medical Entomology, 2021, Vol. XX, No. XX

Noireau,  F., T.  Gutierrez, M.  Zegarra, R.  Flores, F.  Brenière, L.  Cardozo, 
and J.  P.  Dujardin. 1998. Cryptic speciation in Triatoma sordida 
(Hemiptera:Reduviidae) from the Bolivian Chaco. Trop. Med. Int. Health. 
3: 364–372.

Panzera,  F., S.  Hornos, J.  Pereira, R.  Cestau, D.  Canale, L.  Diotaiuti, 
J.  P.  Dujardin, and R.  Perez. 1997. Genetic variability and geographic 
differentiation among three species of Triatomine bugs (Hemiptera-
Reduviidae). Am. J. Trop. Med. Hyg. 57: 732–739.

Panzera,  F., I.  Ferrandis, J.  Ramsey, R.  Ordòñez, P.  M.  Salazar-Schettino, 
M. Cabrera, M. C. Monroy, M. D. Bargues, S. Mas-Coma, J. E. O’Connor, 
et  al. 2006. Chromosomal variation and genome size support existence 
of cryptic species of Triatoma dimidiata with different epidemiolog-
ical importance as Chagas disease vectors. Trop. Med. Int. Health. 11: 
1092–1103.

Panzera,  F., M.  J.  Ferreiro, S.  Pita, L.  Calleros, R.  Pérez, Y.  Basmadjián, 
Y. Guevara, S. F. Brenière, and Y. Panzera. 2014. Evolutionary and dis-
persal history of Triatoma infestans, main vector of Chagas disease, by 
chromosomal markers. Infect. Genet. Evol. 27: 105–113.

Panzera,  F., S.  Pita, J.  Nattero, Y.  Panzera, C.  Galvão, T.  Chavez, 
A. Rojas De Arias, L. Cardozo Téllez, and F. Noireau. 2015. Cryptic spe-
ciation in the Triatoma sordida subcomplex (Hemiptera, Reduviidae) re-
vealed by chromosomal markers. Parasit. Vectors. 8: 495.

Pita, S., P. Lorite, J. Nattero, C. Galvão, K. C. Alevi, S. C. Teves, M. T. Azeredo-
Oliveira, and F.  Panzera. 2016. New arrangements on several species 
subcomplexes of Triatoma genus based on the chromosomal position 
of ribosomal genes (Hemiptera: Triatominae). Infect. Genet. Evol. 43: 
225–231.

Schofield, C.  J., and C. Galvão. 2009. Classification, evolution, and species 
groups within the Triatominae. Acta Trop. 110: 88–100.

Soares, E. R. P., N. R. Batista, R. da S. Souza, V. de O. Torres, C. A. L. Cardoso, 
F. S. Nascimento, and W. F. Antonialli-Junior. 2017. Variation of cuticular 
chemical compounds in three species of Mischocyttarus (Hymenoptera: 
Vespidae) eusocial wasps. Rev. Bras. Entomol. 61: 224–231.

Sokal, R. R., and F. J. Rohlf. 2001. Biometry: the principles and practice of 
statistics in biological research, 3rd ed. W. H. Freeman & Company, New 
York.

Wilks,  S.  S. 1932. Certain generalizations in the analysis of variance. 
Biometrika. 24: 471–494.

WHO - World Health Organization. 2020. Factsheet: Chagas disease (American 
trypanosomiasis). URL: http://www.who.int/news-room/fact-sheets/detail/
chagas-disease-(american-trypanosomiasis); last accessed: June 2021.

Zhao,  Y., C.  Galvão, and W.  Cai. 2021. Rhodnius micki, a new species of 
Triatominae (Hemiptera, Reduviidae) from Bolivia. Zookeys. 1012: 
71–93.

D
ow

nloaded from
 https://academ

ic.oup.com
/jm

e/advance-article/doi/10.1093/jm
e/tjab199/6459193 by guest on 19 January 2022


	Materials and Methods
	Insect Samples
	CGC Analysis of CHC
	Multivariate Analyses

	Results
	CHC Variability in T. sordida, T. rosai, and 
T. guasayana
	Interspecific Variability

	Discussion
	T. sordida
	T. garciabesi
	T. guasayana and T. patagonica

	Supplementary Data

