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Abstract. Triatoma sordida is an endemic Chagas disease vector in South America, distributed in Brazil, Bolivia, Para-

guay, and Uruguay. Chromosomal, molecular, isoenzimatic, and cuticular hydrocarbon pattern studies indicate cryptic spe-
ciation in T. sordida. Recently, T. rosai was described from specimens from Argentina initially characterized as T. sordida.
Although several authors assume that the speciation process that supports this differentiation in T. sordida is the result of
cryptic speciation, further morphological and/or morphometric studies are necessary to prove the application of this evolu-
tionary event, because the only morphological intraspecific comparison performed in T. sordida is based on geometric
morphometry and the only interspecific comparison made is between T. rosai and T. sordida from Brazil that evaluated mor-
phological and morphometric differences. Based on this, morphological analyses of thorax and abdomen using Scanning
Electron Microscopy and morphometric analyses of the head, thorax, and abdomen among T. sordida from Brazil, Bolivia,
and Paraguay, as well as T. rosai, were performed to assess whether the evolutionary process responsible for variations is
the cryptic speciation phenomenon. Morphological differences in the thorax and female external genitalia, as well as mor-
phometric differences in the head, thorax, abdomen, pronotum, and scutellum structures, were observed. Based on this, the
evolutionary process that supports, so far, these divergences observed for T. sordida populations/T. sordida subcomplex is
not cryptic speciation. Moreover, we draw attention to the necessity for morphological/morphometric studies to correctly

apply the cryptic species/speciation terms in triatomines.

INTRODUCTION

Chagas disease is a neglected disease caused by the
Trypanosoma cruzi (Kinetoplastida, Trypanosomatidae), and
transmitted mostly by the triatomines (Hemiptera, Triatomi-
nae)—hematophagous insects that defecate during the blood
meal, which can lead to the release of the infective form of the
parasite (trypomastigote) in case of the vector is infected by
T. cruzi." This disease can be divided into two main phases
(acute and chronic) that can either be asymptomatic®® or
cause cardiomyopathy, arrhythmias, megaesophagus, mega-
colon, cardiomegaly, and more rarely, polyneuropathy and
cerebral vascular accident (in about 30-40% of chronic cha-
gasic patients).*

Currently, there are 156 described species of triatomines.>™”
Although there are species with a greater or lesser degree of
importance in the transmission of the Chagas disease
(highlighting Triatoma infestans, Panstrongylus megistus, T.
brasiliensis, T. pseudomaculata, and T. sordida that have
greater vector skills in Brazil),8 all triatomines, of both sexes
and at any stage of development after hatching, are consid-
ered as potential vectors of this disease described over 110
years ago.>'°

Triatoma sordida is an endemic species in South America,
distributed in Brazil, Bolivia, Paraguay, and Uruguay.®®
Because of the high dissemination capacity of T. sordida,’
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which inhabits sylvatic, peridomestic, and domestic environ-
ments, %2 and presents several food sources,'>'® this spe-
cies has an appraisable ecological value.'® Broadly, infection
rates by T. cruzi are relatively low, ranging from 0.5% to
16.2%."%7'® This information associated with the habit of
nymphs and adults of T. sordida to defecate during the blood
meal,2° highlights the vectorial importance of this species in
the transmission of the Chagas disease.®

Noireau et al.,>' based on isoenzymatic analyses, sug-
gested that the cryptic speciation phenomenon was occurring
among the T. sordida populations from Bolivia. However, Pan-
zera et al.?? pointed out that the authors performed an inter-
specific comparison between T. sordida and T. garciabesi,
which resulted in an elevated genetic distance. Taking into
account this initial hypothesis associated with cryptic specia-
tion in T. sordida, chromosomal, molecular, isoenzimatic, and
cuticular hydrocarbon pattern studies were performed among
the T. sordida populations from Brazil, Bolivia, and Argentina,
and based on the observed divergences, the authors sug-
gested that T. sordida may represent more than a taxon.22-24

Recently, Alevi et al.® described T. rosai from specimens
from Argentina initially characterized as T. sordida. For the
description of the new species, the authors used integrative
taxonomy and compared several characteristics between T.
rosai and T. sordida (morphological, morphometric, molecu-
lar, cytogenetics data, experimental crosses, electrophoresis
pattern, molecular analyses, cuticular hydrocarbons pattern,
geometric morphometry, cycle, and average time of life as
well as geographic distribution). Among the characteristics
that differentiate the species, it is worth mentioning that the
average time of development and the life cycle of T. rosai is
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half of the observed for T. sordida.® In addition, T. rosai has a
higher rate of infection by T. cruzi (38.5%).°

Although several authors assume that the speciation pro-
cess that supports this differentiation in T. sordida is the result
of cryptic speciation,?'2* further morphological and/or mor-
phometric studies are necessary to prove the application of
this evolutionary event, because the only morphological intra-
specific comparison performed in T. sordida was based on
geometric morphometry of the head, wings, and pronotum,25
and the only interspecific comparison made was between T.
rosai and T. sordida from Brazil that evaluated morphological
and morphometric differences.® Both studies indicate that,
possibly, cryptic speciation is not the best model to character-
ize the evolutionary process associated with T. sordida.

Based on this, morphological analyses of thorax and abdo-
men using Scanning Electron Microscopy (SEM) and morpho-
metric analyses of the head, thorax, and abdomen among T.
sordida from Brazil, Bolivia, and Paraguay, as well as T. rosai,
were performed to assess whether the evolutionary process
responsible for variations is the cryptic speciation
phenomenon.

MATERIALS AND METHODS

Insects. The specimens used (T. sordida from Corumba/
MS/Brazil, Apolo/La Paz/Bolivia, and Paraguayan Chaco/Par-
aguay; T. rosai from Department San Miguel/Province of Cor-
rientes/Argentina) were obtained from colonies maintained at
the Triatomine Insectarium installed at the Faculty of Pharma-
ceutical Sciences (FCFAR/UNESP), Araraquara, Sao Paulo,
Brazil, and from insectarium of the Department of Tropical
Medicine at the National University of Asuncion,
Asuncién, Paraguay.

Morphological studies in SEM. For morphological char-
acterization of the triatomines in SEM (according to Rosa
et al.ze), three individuals of each locality were used, empha-
sizing the study of the pronotum, scutellum, as well as female
external genitalia. For this study, the insects were cleaned in
ultrasound devices, dehydrated in alcoholic series, dried in
anoven at 45° for 20 minutes, and then fixed in small aluminum
cylinders with colorless enamel. Afterward, they were metal-
ized by sputtering for 2 minutes with 10mA of power. After
the metallization process, the samples were analyzed and
photographed on the Topcon SM-300 SEM.

Morphometric studies. For measurement, adult speci-
mens of T. sordida from Brazil (nine males and nine females),
Bolivia (seven males and 10 females), and Paraguay (three
males and three females), and T. rosai (seven males and seven
females), were used. The measurements of the head, thorax,
abdomen, pronotum, and scutellum, were performed using
the Leica MZ APO Stereoscope Microscope and the image
analysis system Motic Advanced 3.2 plus coupled. The data
obtained were organized in the Excel 2007 spreadsheet pro-
gram and presented as a table. The measurements of the tho-
rax and abdomen parameters were statistically analyzed in the
GraphPad Prisma program version 7 for Windows, using the
unpaired t-test with Welch correction.

RESULTS

Morphology remarks. Thorax. Examining the images in
the dorsal position of the thorax of T. rosai (Figures 1 and 5),

and T. sordida from Bolivia (Figures 2 and 6), Brazil (Figures
3 and 7), and Paraguay (Figures 4 and 8), it was possible to
find some differences in the pronotum (Figures 1-4) and scu-
tellum (Figures 5-8). In the pronotum, each specimen pre-
sented a format for the anterolateral angle (Figures 1-4, aa):
in T. rosai (Figure 1, aa) is round and the tip is not tapered; in
T. sordida from Bolivia and Paraguay (Figures 2 and 4, aa,
respectively) is round and long, and the tip is not tapered; in
T. sordida from Brazil (Figure 3, aa) is oval with tapered
ends; the submedian carina is evident in T. sordida [Bolivia
(Figure 2, ca), Brazil (Figure 3, ca) and Paraguay (Figure 4,
ca)], whereas in T. rosai it is not very pronounced (Figure 1,
ca). The specimens also presented different shapes for the
humeral angles (Figures 1-4, hu): in T. rosai and T. sordida
from Paraguay (Figures 1 and 4, hu, respectively) is narrow
at the lateral line level of the pronotum; in T. sordida from
Bolivia and Brazil (Figures 2 and 3, hu, respectively) is wide
with a flap aspect. In addition, the specimens showed, by dor-
sal view of the pronotum, a clear differentiation in median pro-
notal depression (mpd): in T. rosai (Figure 1, circle) has an
almost imperceptible or vestigial appearance; T. sordida
Bolivia (Figure 2, circle) presents little noticeable mpd with a
small depth aspect, while in T. sordida from Brazil (Figure 3,
circle) and Paraguay (Figure 4, circle) it is clear and deeper.
In the scutellum (Figures 5-8), the pattern of roughness and
striations of its central portion (Figures 5-8, cps), and the
length and shape of the scutellum apex (Figures 5-8, ap) is dif-
ferent among the specimens.

Female external genitalia. Differences in the female external
genitalia of T. rosai (Figures 9, 13, and 17), and T. sordida
specimens from Bolivia (Figures 10, 14, and 18), Brazil (Figures
11, 15, and 19), and Paraguay (Figures 12, 16, and 20), were
found. The analyses of the dorsal view showed that the shape
of the eighth segment is trapezoidal in T. sordida Bolivia (Fig-
ure 10, VIll) and Brazil (Figure 11, VIII), and subtly oval in T. rosai
(Figure 9, VIll) and T. sordida Paraguay (Figure 12, VIII).
Besides that, the line that separates the seventh from the
eighth segment in the central portion is straight in T. sordida
from Bolivia (Figure 10) and Brazil (Figure 11), and slightly
curved in T. rosai (Figure 9) and T. sordida Paraguay (Figure
12). Analyses of the posterior view demonstrated that the
shape and length of the 10th segment brings an elongated
and wide aspectin T. rosai (Figure 13, X) and T. sordida Bolivia
(Figure 14, X) and a short and narrow in T. sordida from Brazil
(Figure 15, X) and Paraguay (Figure 16, X). Yet, ventral view
analyses showed that the limit of the seventh segment along
with gonocoxites 8 and gonapophyses 8 is concave on the
sides, and convex in the central portion in T. rosai (Figure 17,
Gc8 and Gp8) and T. sordida Brazil (Figure 19, Gc8, and
Gp8), while in T. sordida Bolivia (Figure 18, VII, Gc8, and
Gp8, respectively) the sides are elevated, and the central por-
tion is straight, and in T. sordida Paraguay (Figure 20, VII, Gc8,
and Gp8, respectively) only the central portion is elevated.

Morphometry. The averages of the head length, inner dis-
tance between eyes, postocular head width, pronotum, scu-
tellum, thorax and abdomen are shown in the Table 1. Except
for the head length plus neck, all the structures measured
(head, thorax, abdomen, pronotum, and scutellum) showed
significant differences for at least one comparison between
T. rosai and T. sordida (Brazil, Bolivia, or Paraguay), and
among the populations of T. sordida (Table 2). In males,
approximately 46% of the structures showed significant
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Ficures 1-4. Details of pronotum: 1. Triatoma rosai; 2. Triatoma sordida Bolivia; 3. Triatoma sordida Brazil and 4. Triatoma sordida Paraguay. aa,
anterolateral angle; ca, submedian carina; co, collar; hu, humeral angles; and circle, median pronotal depression.

differences, whereas, in females, it was around 19% (Table 2).
The decreasing sequence of allometric variation of the struc-
tures was: inner distance between eyes (75%) > abdomen
(41.6%) > head length, pronotum, scutellum (33.3%) > thorax
(25%) > postocular head width (16.6%) > head length plus
neck (0%) (Table 2).
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DISCUSSION

The terms “cryptic species” and “cryptic speciation” have
already been used several times in the Triatominae subfam-
ily.2124.27-34 Nevertheless, as proposed for T. sordida,?® the
use of these terms possibly occurred subjectively, since inter-
specific morphological/morphometric differences invalidate

Ficures 5-8. Details of scutellum: 5. Triatoma rosai; 6. Triatoma sordida Bolivia; 7. Triatoma sordida Brazil; and 8. Triatoma sordida Paraguay. ap,

scutellum apex; cps, central portion of the scutellum.
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Ficures 9-12.  Details of female external genitalia by dorsal view: 9. Triatoma rosai; 10. Triatoma sordida Bolivia; 11. Triatoma sordida Brazil and 12.
Triatoma sordida Paraguay. VII: seventh segment; VIII: eighth segment; IX: ninth segment, and X: 10th segment.

the application of these concepts.®® Our results clearly show
morphological/morphometric differences between T. rosai
and T. sordida (Brazil, Bolivia, and Paraguay) and between T.
sordida populations from Brazil, Bolivia, and Paraguay, which
confirms that the event that underlies the divergences
observed by chromosomal,?22® molecular,?? isoenzimatic,?®
and cuticular hydrocarbon pattern®* studies is not cryptic
speciation.

Conceptual problems associated with the terms cryptic
species/speciation may lead to a misconceived characteriza-
tion of new species.*® Struck et al.®® highlighted that the sub-
jective evaluation of morphological similarities and the lack of
use of combined approaches also result in problems in the
application of these terms. In Triatominae, itis usual to charac-
terize morphologically similar species and/or sister species as
cryptic species.?>3® It is acceptable that polymorphisms

Ficures 13-16. Details of female external genitalia by posterior view: 13. Triatoma rosai; 14. Triatoma sordida Bolivia; 15. Triatoma sordida Brazil

and 16. Triatoma sordida Paraguay. IX: ninth segment, and X: 10th segment.
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Ficures 17-20. Details of female external genitalia by ventral view: 17. Triatoma rosai; 18. Triatoma sordida Bolivia; 19. Triatoma sordida Brazil
and 20. Triatoma sordida Paraguay. VII: seventh segment; Ge8: gonocoxite; and Gp8: gonapophyse.

(mainly genetic) that support significant differences from the
taxonomic point of view lead to the use of the term cryptic spe-
cies/speciation (as occurred to T. dimidiata).®”*® However,
after further studies and morphological and/or morphometric
differences are observed, these terms should not be used to
characterize evolutionary processes.

Rhodnius robustus was considered a complex of cryptic
species, as genetic differences phylogenetically supported
distinguished four possible lineages within R. robustus (char-
acterized aslineages|, Il, lll, and IV).28 Currently, through anal-
yses based on integrative taxonomy (including among them
morphological and morphometric analyses), it is known that
two of these lineages represent two valid taxa, namely, R.
montenegrensis (lineage Il) and R. marabaensis (lineage
I11),26:39=44 not characterizing cryptic speciation in the R.
robustus complex.

Triatoma pintodiasi is a related species of T. circummacu-
lata.®® Based on the great morphological similarity of these
taxa, T. pintodiasi was presented as a T. circummaculata cryp-
tic species.33 Yet, when describing T. pintodiasi, the authors
brought morphometric and morphological differences that

TABLE 1

make the application of this term unviable.3® Likewise, Alevi
et al.*® analyzed T. vitticeps from different Brazilian states
and, based on high genetic distance, suggested that T. vitti-
ceps is a complex of cryptic species or subspecies. Hence,
an application of that term will only be valid in case the new
taxon/taxa do not present morphological/morphometric
divergence(s).

Morphological morphometry,?® cytogenetics,?” cutic-
ular hydrocarbons,®® and reproductive isolation®* analyses
suggested the existence of T. dimidiata cryptic species.**®
However, morphological®*? and morphometric®® divergen-
ces observed since 2004 for different T. dimidiata populations
demonstrated that the term cryptic species/speciation has
always been misused.27:29:31:32

Recently, based on integrative taxonomy, two new species
closely related to T. dimidiata were characterized: T. mopan
and T. huehuetenanguensis.*®*” Even though the term cryptic
species/speciation had already been used several times for T.
dimidiata,?”?%2":32 Dorn et al.*® and Lima-Cordén et al.*” do
not, at any time, use these terms in the description of the
new taxa, because morphological and/or morphometric

31,32
l,

Measurement averages of Triatoma rosai and Triatoma sordida from Bolivia, Brazil, and Paraguay

Structures

Specimens HL IE PHW PRO Scu THO ABD
Male T. rosai 5,174 0,951 1,490 4,717 3,077 6,704 15,117
T. sordida Bolivia 5,254 1,058 1,485 4,457 3,077 6,498 15,202
T. sordida Brazil 4,857 0,966 1,381 4,107 2,816 6,093 14,084
T. sordida Paraguay 5,273 1,062 1,463 4,564 3,243 6,622 14,070
Female T. rosai 5,055 1,003 1,486 4,429 3,215 6,531 16,418
T. sordida Bolivia 5,417 1,132 1,570 4,603 3,158 6,632 17,118
T. sordida Brazil 5,208 1,066 1,510 4,221 3,214 6,459 16,167
T. sordida Paraguay 5,528 1,135 1,610 4,744 3,375 6,842 17,442

HL = head length; IE = inner distance between eyes; PHW = postocular head width; PRO = pronotum; SCU = scutellum; THO = thorax; ABD = abdomen.
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TABLE 2
Meaningfulness of the comparative parameters of Triatoma rosai and Triatoma sordida from Bolivia, Brazil, and Paraguay

Structures

Comparison ABD HLN HL IE PHW PRO SCU THO
Male T.s. BRAxT.r. 0.01 0.18 0.01 0.34 0.01 0.0002 0.02 0.003

T.s. BRAxT. s. PAR 0.49 0.20 0.02 0.05 0.07 0.08 0.0001 0.04

T.s. BRAxT. s. BOL 0.01 0.11 0.01 0.01 0.01 0.03 0.01 0.05

T.r.xT.s. PAR 0.004 0.09 0.22 0.04 0.26 0.28 0.05 0.35

T.r.xT.s. BOL 0.40 0.25 0.21 0.001 0.44 0.06 0.50 0.12

T.s. PARx T. s. BOL 0.006 0.19 0.45 0.47 0.30 0.35 0.02 0.31

Female T.s.BRAXT.r. 0.32 0.21 0.18 0.02 0.3 0.18 0.5 0.39
T.s. BRAx T. s. PAR 0.18 0.4 0.10 0.05 0.11 0.02 0.22 0.12

T.s. BRAxT. s. BOL 0.04 0.18 0.10 0.03 0.10 0.05 0.32 0.25

T.r.xT.s. PAR 0.23 0.23 0.05 0.01 0.07 0.06 0.21 0.15

T.r.xT.s. BOL 0.40 0.25 0.21 0.001 0.44 0.06 0.50 0.12

T.s. PARx T. s. BOL 0.40 0.38 0.30 0.47 0.29 0.22 0.15 0.23

T.s. = Triatoma sordida; T. r. = Triatoma rosai; BRA = Brazil; PAR = Paraguay; BOL = Bolivia; ABD = abdomen; HLN = head length plus neck; HL = head length; IE = inner distance between eyes;
PHW = postocular head width; PRO = pronotum; SCU = scutellum; THO = thorax. Bold values indicate statistically significant.

differences were observed among species related to T. dimi-
diata (which, have already been considered as T. dimi-
diata),®”*® emphasizing that the authors were based correctly
on the application of evolutionary terms.

Panzeraetal.,?® considering the species T. sordida, T. pata-
gonica, T. guasayana, and T. garciabesi, suggested cryptic
speciation for the T. sordida subcomplex proposed by Scho-
field and Galvao®® (currently the T. sordida subcomplex is a
monophyletic group formed by the species T. sordida, T. rosai,
T. garciabesi, T. jurbergi, T. matogrossensis, and T. van-
dae).5*® However, even if subtle, there are morphological
and/or morphometric differences between all studied spe-
cies.2#25:%0-53 Begjides, our results point out significant mor-
phological/morphometric differences between T. rosai and
T. sordida (Brazil, Bolivia and Paraguay) and between the
different T. sordida populations from Brazil, Bolivia, and Para-
guay, confirming the morphology/morphometry data pre-
sented by Alevi et al.® and geometric morphometry data
presented by Naterro et al.?® Therefore, once more, the term
cryptic speciation does not apply.

Based on this, the evolutionary process that supports, so
far, these divergences observed for T. sordida populations/
T. sordida subcomplex is not cryptic speciation. Moreover,
we draw attention to the necessity for morphological/morpho-
metric studies to correctly apply the cryptic species/specia-
tion terms in triatomines.
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