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GENETIC VARIABILITY AND GEOGRAPHIC DIFFERENTIATION AMONG THREE
SPECIES OF TRIATOMINE BUGS (HEMIPTERA-REDUVIIDAE)

FRANCISCO PANZERA, SONIA HORNOS, JORGE PEREIRA, ROSARIO CESTAU, DELMI CANALE, LlLEIA DIOTAIUTI,
JEAN PIERRE DUJARDIN, AND RUBEN PEREZ

Seccion Genetica Evo/utiva, Facu/tad de Ciencias, Universidad de /a Republica, Montevideo, Uruguay; Catedra de Genetica,
Facu/tad de Agronomia, Montevideo, Uruguay; Departamento de Genetica, Facu/tad de Medicina, Montevideo, Uruguay; Centro
de Referencia de Vectores, Servicio Naciona/ de Chagas, Cordoba, Argentina; Centro de Pesquisas Renee Rachou, FIOCRUZ,

Be/o Hori~onte, Minas Gerais, Bra~i1; Instituto Boliviano de Bi%gia de A/tura, La Paz, Bolivia

Abstract. Three species of triatomine bugs, Triatoma sordida, T. guasayana, and T. patagonica, were examined
by cytogenetic (C-banded karyotypes and male meiotic process) and isoenzymatic studies. These three species, with
different importance as Chagas' disease vectors, were found to be closely related according to their known ethologic,
ecologic, and morphologic traits. Although they have the same diploid chromosome number (2n = 22 constituted by
20 autosomes and an XY <3/XX <;> sex mechanism), each species has a distinct chromosomal behavior during male
meiosis and a specific amount and localization of C-heterochromatic blocks. Moreover, these chromosome character-
istics allowed us to differentiate two T. sorclida populations. Isoenzymatic data confirmed the taxonomic status of the
three species and together with our cytogenetic results questioned the species homogeneity of T. sordida.

The subfamily Triatominae (Hemiptera-Reduviidae) in-
cludes 122 species of hematophagous insects that are divided
into five tribes and 15 genera. I Almost all are actual or po-
tential vectors of Trypanosoma cruzi, the causative agent of
American trypanosomiasis or Chagas' disease. The most nu-
merous genus is Triatoma, with 70 species. Within the genus
Triatoma, groups of species are associated on the basis of
morphologic and ecologic characteristics2 Triatoma sordida,
T. guasayana, and T. patagonica belong to one of these
groups of closely related species, with a partial overlapping
in their distribution range in South America.3 Triatoma sor-
dida occupies a wide area from the Brazilian cerrado to cen-
tral Argentina, while T. guasayana is found in central and
northern Argentina, southern Bolivia, and Paraguay. Tria-
toma patagonica inhabits a more restricted region in south
and central Argentina.4
Triatoma patagonica is the most sylvatic and generalist

of the three species, and although it can be collected from
dwellings, it has not been reported to colonize human hab-
itats. Triatoma guasayana is commonly collected from per-
idomestic areas, but is occasionally found inside human
dwellings together with T. infestans and/or T. sordida.4.5 At
present, T. sordida is the triatomine species most frequently
captured in artificial ecotopes in Brazil, particularly in those
places where T. infestans has been eliminated by insecti-
cides.s-7

Differential identification of these species is difficult due
to chromatic and morphologic variability within them, as
well as to their overlapping distributions.3·4 Moreover, the
taxonomic status of T. patagonica has recently been ques-
tioned by Gorla and others.3 Specific identification of T. sor-
dida and T. guasayana is particularly problematic in the
nymphs, which are morphologically very similar. Within T.
sordida, several investigators have recognized two distinct
populations in Argentina.2.8-10 In the northeastern areas (hu-
mid regions), specimens of T. sordida that are large and light
colored colonize human dwellings. In the northwestern areas
(dry regions), T. sordida is smaller and darker and occupies
sylvatic habitats. The latter was described as a fourth species
named T. garciabesi by Carcavallo and others,9 but was sub-
sequently found to be synonymous with T. sordida by Lent

and Wygodzinsky.4 Laboratory crosses between these two
populations showed complete interfertility.2
Identification of each of these species is very important

since at least two of them, T. sordida and T. guasayana,
appear to be frequent replacement vectors of T. infestans
following control of the latter species. The epidemiologic
importance of this group of triatomines, together with its
taxonomic identification problems, led us to perform a com-
parative genetic analysis using both cytogenetic and isoen-
zymatic approaches. These have been successfully used with
other triatomines to characterize related species II. 12and pop-
ulations.13.14

Material analyzed. The number of individuals studied for
each species and their origins are shown in Table 1.
Cytogenetic studies. Chromosome preparations and

banding procedures. Gonads (testes and ovaries) were fixed
in ethanol-acetic acid (3: 1) and softened in a 45% aqueous
solution of acetic acid. Part of the material was used in
squashes stained with lacto-acetic orcein for meiotic descrip-
tions. The remaining material was studied using the C-band-
ing techniquelS to observe the distribution and behavior of
C-heterochromatin during mitosis and meiosis.
Cytogenetic analysis. This group of insects exhibits hol-

ocentric chromosomes, which do not have a morphologically
differentiated centromere.16 Previous cytogenetic informa-
tion concerning T. sordida, T. patagonica, and T. guasayana
is mainly restricted to their chromosomal formulae, 2n =
20A + XY (for a review see Panzera and othersl). To com-
pare the three species, we considered several cytogenetic
markers previously used to differentiate triatomine spe-
cies.11. 17
Quantification of autosomal C-heterochromatin. We esti-

mated the relative length of the C-heterochromatin in the
total length of the autosomal complement. For each species,
3-5 photographs of gonial metaphase plates were analyzed
by means of a digital calibrator (Ultra-cal II; Fred V. Fowler,
Co., lnc, Newton, MA).
Enzyme electrophoresis. Analysis was performed by



TABLE I
Collection sites and number of Triatoma individuals used in this report

State of Piaui, peri domestic
State of Minas Gerais, peridomestic
Province of La Rioja (northwest,
dry region), peridomestic

Province of Stgo. Estero (northwest,
dry region), peri domestic

Province of Formosa (northeast,
humid region), peri domestic

Province of Corrientes (northeast,
humid region), sylvatic

Province of Cordoba, sylvatic
Province of La Rioja, peridomiciliary
Province of Stgo. Estero, chicken houses
Province of Santa Fe, chicken houses
Province of Santa Fe, chicken houses

50*t, 19*t
150*
20*,49t

30*, 19*
49t
30*
60*,29*
20*t,49t

Unknown
Field collection and first generation
3rd generation

2nd generation
4th generation
4th generation
I st generation
2nd generation

electrophoretic separation of isoenzymes on cellulose acetate
plates (Helena Laboratories, Beaumont, TX). Fourteen en-
zyme systems were assayed: aconitase (aconitate hydratase,
EC 4.2.1.3, ACON); aspartate aminotransferase (also known
as glutamate oxaloacetate transaminase) (EC 2.6.1.1., GOT);
glucose-6-phosphate dehydrogenase (EC 1.1.1.49, G-6PDH),
alpha-glycerophosphate dehydrogenase (EC 1.1.1.8, Ct-

GPD); glucose-6-phosphate isomerase (EC 5.3.1.9, GPI);
hexokinase (EC 2.7.1.1, HK); isocitrate dehydrogenase (EC
1.1.1.42, lDH); malate dehydrogenase (EC 1.1.1.37, MDH);
malate dehydrogenase (malic enzyme) (EC 1.1.1.40, ME),
peptidase I (EC 3.4.11), PEP-I; leucyl-Ieucyl-Ieucine sub-
strate); peptidase 2 (EC 3.4.11, PEP-2; leucyl-L-alanine sub-
strate); peptidase 3 (EC 3.4.11, PEP-3; L-Ieucyl-L-tyrosine
substrate); phosphoglucomutase (EC 5.4.2.2 (formerly EC
2.7.5.1), PGM); and 6-phosphogluconate dehydrogenase (EC
1.1.1.44, 6-PGDH). Sample preparation, electrophoresis, and
scoring were as in Dujardin and Tibayrencl8 and Pereira and
others.12
Bands were scored as different loci, giving a total number

of 19 loci. At each locus, alleles were numbered in the de-
creasing order of migration, with each number correspond-
ing to the relative migration level of bands. The five groups
studied were I) Brazilian T. sordida, 2) northeast Argenti-
nian T. sordida, 3) northwest Argentinian T. sordida, 4) T.
guasayana, and 5) T. patagonica. Electrophoretic data were
then used as species markers. Since sample sizes were small,
we did not compute gene frequencies or genetic variability
estimates. Nevertheless, we looked for obvious species-spe-
cific diagnostic loci to confirm the morphologic identifica-
tion of each individual, which also allowed a quantitative
comparison, i.e., the proportion of loci for which species
shared no alleles (Richardson distances).19 From these val-
ues, an unweighted pair group method arithmetic average
(UPGMA) tree was derived.
Microphotography. Chromosome images were obtained

using Agfaortho 25 (AGFA, Leverkusen, Germany) and Ko-
dalith (Eastman Kodak, Rochester, NY) photographic films.
Isoenzymatic profiles were acquired from the cellulose ace-
tate gel by a computer scanner and then subjected to back-
ground subtraction, contrast enhancement, and filtering using

an image improvement software (Adobe photoshop 2.5;
Adobe Systems, Inc., Seattle, WA). The processed images
were photographed with 35-mm Agfapan 100 film (AGFA)
from a noninterlaced computed screen set at 1,024 X 768
pixels resolution.

Cytogenetic studies. Triatoma guasayana Wygodzinsky
& Abalos 1949 (2n = 20A + XY <3, XX'?). This species
shows a small variation in the autosomal size, although two
or three pairs of autosomes are slightly larger than the rest
of the karyotype (Figure IA). The sex chromosomes exhibit
an intermediate size, with one being larger than the other
(Figures 2D and E). The 10 autosomal pairs of this species
do not show any C-bands. The Y chromosome is totally
heterochromatic while the X chromosome is C-negative
(Figure 2F).
During early meiotic prophase, there is one heteropycnotic

chromocenter formed only by the associated sex chromo-
somes (Figures 2A and B). At late diplotene, this association
lapses and all the chromosomes can be identified (Figure
2C). At first anaphase, the chromatids of sex chromosomes
separate to opposite poles (postreductional segregation). The
first meiotic division is equational for the sex chromosomes,
as in other Hemiptera.
At second meiotic metaphase, the autosomes are seen in

the periphery of the spindle with the X and Y chromosomes
forming a pseudobivalent (an object formed by the associ-
ation of the X and Y chromosomes) in the center of the ring
(Figure 2E). The X and Y chromatids segregate to opposite
poles. Therefore, the second division is reductional for the
sex chromosomes. The C-banding technique revealed that
only one sex chromosome (Y) is heterochromatic (Figure
2F).
Triatoma sordida (Stat 1859) (2n = 20A + XY<3, XX'?).

Samples from Argentina and Brazil exhibit different cyto-
genetic characteristics.
Triatoma sordida from Argentina. No cytogenetic dif-

ferences were observed between individuals of this species
coming from humid (northeast) and dry (northwest) regions



B

FIGURE I. Karyograms based on gonial prometaphases. The three species present the same diploid chromosome number (2n = 22). A,
Triatoma guasayana (male), orcein stained. All the chromosomes show the same stain. With C-banding, all of the autosomal complement is
C-negative, except for the Y chromosome. B, T. sordida from Brazil (male), C-banding. Almost all autosomal pairs present C-heterochromatic
bands in only one chromosomal end. The Y chromosome is always entirely C-heterochromatic. A polymorphism is observed for the X
chromosome regarding the presence (Figure 3F) or absence of C-blocks. C, T. patagonica (male), C-banding. All of the autosomes exhibit
heterochromatic regions in one or both chromosomal ends. An interstitial C-band is observed in all the analyzed individuals (arrowhead).
Both sex chromosomes present C-blocks. Bar = 10 fLlll.

of Argentina. The karyotype and the meiotic processes are
similar to those previously described for T. guasayana, in
which the autosomal C-heterochromatin is absent (Figures
IA and 2, respectively).
Triatoma sordida from Brazil. Two or three autosomal

pairs are slightly larger (Figures IB and 3E) than the rest.
Both sex chromosomes show intermediate size and one is
larger than the other (Figures 3E and F). With C-banding
(Figure IB), almost all autosomal pairs present a hetero-
chromatic C-region in only one chromosomal end. The Y
chromosome is always totally heterochromatic, while the X
chromosome can be present without a C-band (Figure IB)
or with a small C-block (Figure 3F). The amount of auto-
somal C-heterochromatin represents about the 30-35% of
the total autosomal length.
During early meiotic prophase, several heteropycnotic

bodies are observed (Figure 3A). One of them is formed by
the associated sex chromosomes surrounded by some auto-
somal heteropycnotic regions. The other chromocenters are

constituted only by the heteropycnotic regions of some au-
tosomal bivalents (Figures 3A and B). This heterologous as-
sociation persists until the mid-diplotene stage, in which sex
chromosomes appear separated (Figure 3C) or attached to
autosomal bivalents. During late diplotene and diakinesis, all
chromosomal elements can be clearly identified (Figure 3D).
The first and second meiotic metaphases (Figures 3E and 3F,
respectively) present the typical triatomine ring chromosom-
al disposition.
Triatoma patagonica Del Ponte 1929 (2n = 20A + XYo,

XX2). In this species, the 10 autosomal pairs and both sex
chromosomes are similar in size (Figure 4E), with a slightly
larger pair (Figure IC). All autosomal pairs present a C-
heterochromatic region in one or both chromosomal ends.
An interstitial C-band is also observed in one autosome (Fig-
ure IC). Both sex chromosomes present C-blocks: the Y
chromosome is totally heterochromatic, while the X chro-
mosome has two distinct regions, a large C-positive one and
a C-negative one (Figures IC and 4F). There is a hetero-



FIGURE 2. Tria/oma guasayana, male meiosis, orcein stain. A, zygotene and B, pachytene stages: one heteropycnotic chromocenter is
observed (arrowheads), C, diplotene: the chromocenter sep~rates into its individual components being formed only by the sex chromosomes
(arrowhead). D, first metaphase: two or three autosomal bivalents appear bigger than the others. At anaphase I, the chromatids of sex
chromosomes separate to opposite poles (postreductional segregation). The first meiotic division is equational for the sex chromosomes, as in
other Hemiptera. E, second meiotic metaphase. The sex chromosomes show a slight difference in size. F, metaphase II, C-banding. The 10
autosomal pairs and the X chromosome do not have any C-blocks. The Y chromosome is C-heterochromatic. Bar = 10 f-Lm.

chromatin polymorphism in the number, pOSItIOn, and size
of autosomal C-bands. Heterochromatin content comprises
between 30% and 35% of the autosomal complement.
Early meiotic prophase (Figures 4A and 4B) is character-

ized by the presence of one heteropycnotic chromocenter
including sex chromosomes and several heteropycnotic dots
scattered throughout the nucleus. During the diplotene stage,
associated sex chromosomes remain heteropycnotic and they
are often attached to heteropycnotic regions of two autoso-
mal bivalents (Figure 4C).
Table 2 summarizes the cytogenetic features of the three

species. The data in this table demonstrate three facts: I) T.
patagonica possess several cytogenetic traits that differen-
tiate it from the other two species, 2) there are striking dif-
ferences in the quantity of C-heterochromatin between pop-
ulations of T. sordida from Argentina and Brazil, and 3) T.
guasayana and the Argentinian populations of T. sordida
(dry and humid regions) show similar chromosome markers.
Enzyme electrophoresis. The various genotypes scored

at each locus are presented in Table 3. For the 14 enzymatic
systems studied, a total of 19 genetic loci could be consid-
ered. Six loci (HK-I, IDH-l, MDH-I, ME-2, PEP-3, and
PEP-4) did not present intergroup variation. Only one locus
(MDH-2) showed variation in the Argentinian specimens of
T. sordida, whereas the two samples of T. sordida (from
Argentina and Brazil) showed three loci (GPI, PEP-I and

PEP-2) at which no common allele was found. Triatoma
sordida showed nine of 19 (47.4%) (ACON, GOT, G-6PDH,
GPI, HK-2, IDH-2, MDH-2, ME-I, PGM) and seven
(36.8%) (ACON, G-6PDH, GPI, IDH-2, MDH-2, ME-l and
PGM) alleles different from T. guasayana and T. patagoni-
ca, respectively. Triatoma patagonica showed four (21.1 %)
alleles distinct from those of T. guasayana (GOT, MDH-2,
HK-l, HK-2, and GPI). The enzyme GPI showed different
fixed alleles for each species and between Argentinian and
Brazilian populations of T. sordida (Figure 5).

The three Triatoma species analyzed in the present report
constitute a closely related group on the basis of morpho-
logic traits and comparative studies of their antennae and
genitalia.21 Because of the chromatic and morphologic vari-
ability, as well as their overlapping distributions, doubts con-
cerning the identification of these species frequently arise.4.8
The isoenzymatic and chromosomal data allowed us to dis-
tinguish the studied species and to identify intraspecific vari-
ation.
Gorla and others,3 based on multivariate analysis of mor-

phometric measures combined with comparisons of genitalia
and antennal structures, have questioned the taxonomic sta-
tus of T. patagonica. In contrast, our genetic data support



FIGURE 3. Triatoma sordida from Brazil, male meiosis, orcein stain. A, early meiotic prophase: several heteropycnotic chromocenters are
observed, with one of them formed by the joining of several heteropycnotic blocks (arrowhead). B, early diffuse: chromocenters are still
observed. The biggest one includes the sex chromosomes (arrowhead). C, diffuse-diplotene stage: some autosomal bivalents show terminal
heteropycnotic regions. Both sex chromosomes can be identified (arrowhead). D, late diplotene: the 10 autosomal bivalents and the sex
chromosomes can be clearly seen. E, first meiotic metaphase: both sex chromosomes appear isopycnotic in the center of the ring formed by
the autosomal pairs. F, metaphase II: C-banding. Almost all autosomes show C-bands. Both sex chromosomes appear with C-blocks: the Y
chromosome is entirely C-heterochromatic and the X chromosome has a small C-band. Bar = 10 fLm.

FIGURE 4. Triatoma patagoniea, male meiosis, orcein stain. A, early meiotic prophase and B, diffuse stage: a large heteropycnotic chrom-
ocenter is observed (arrowheads) and multiple dots are spread in the nucleus. C, diffuse-diplotene stage: both sex chromosomes remain
associated and attached to two autosomal bivalents (arrowhead). D, first meiotic metaphase. The size of the 10 autosomal bivalents and the
sex chromosomes is similar. E, metaphase II. The sex chromosomes are located at the center of the ring formed by the autosomes. F, metaphase
I: C-banding. The 10 autosomal bivalents and the X chromosome have C-blocks; the Y chromosome is entirely C-heterochromatic. Bar =
10 fLm.



TABLE 2
Cytogenetic traits recorded for the species studied*

Triatoma gua.wyano T. sordida (Argentina) T. sordida (Brazil) T. patagonica

20 20 20 20
XYo/XX'} XYo/XX'} XYo/XX'} XYo/XX'}
2 or 3 larger 2 or 3 larger 2 or 3 larger One pair slightly larger
autosomal pairs autosomal pairs autosomal pairs

Medium Medium Medium Medium

X<Y X<Y X<Y X=Y

Diffuse Diffuse Late diplotene Late diplotene

Only sex chromo- Only sex chromo- Sex chromosomes Sex chromosomes plus
somes somes plus autosomes autosomes

No No Variable Yes
0 0 8-10 10

0 0 30-35 30-35

Only one chromo- One or both chromosomal
somal end ends and intertitial

Autosomal number
Sex mechanism
Relative autosomal size

Relative size of sex chromosomes
versus autosomes

Relative size of sex chromosomes
between them

Sex chromosomes are
separated at

Constitution of chromocenterls

Xs with C-bands
Number of autosomes pairs
with C-blocks

Amount (0/0) of autosomal
C-heterochromatin

Chromosome location of C-blocks

the proposal of Lent and Wygodzinsky;l who consider this
species to be different from T. guasayana and/or T. sordida.
Triatoma patagonica has cytogenetic traits clearly different
from other triatomine species, particularly T. sordida and T.
guasayana. The existence of the multiple C-positive dots in
the meiotic prophase nucleus (Figure 5, lanes A, B, and C)
and an interstitial C-band in one chromosome (Figure IC)
are distinct characteristics of T. patagonica. Isoenzymatic
data of this species show a differentiation ranging from
36.8% for T. sordida to 21.1% for T. guasayana. The latter
value is similar to the one found between T. infestans and
T. plmensis, two closely related species of triatomines.12
In T. guasayana, as in T. sordida from Argentina, auto-

TABLE 3
Isoenzyme patterns of the samples under study at 19 enzymatic loci*

T. sonlit/a T. sordida
T. sordida (nOt1hea~t Ar- (northwe~t Triatoma Triatoma
(Brazil) gentina) Argentina) guosayono patagonica

Loci n = 6 n = 14 n = II n = 4 n = 6

ACON 22 22 22 II II
GOT 22 22 22 II 22
G-6PDH II II II 22 22
a-GPO 22 12 22 22 22
GPI II 33 33 44 22
HK-I II II II II II
HK-2 00 00 00 II 00
lDH-1 II II II II II
lDH-2 22 12 II 00 00
MDH-I II II II II II
MDH-2 44 44 33 22 II
ME-I II II II 22 22
ME-2 II II II II II
PEP-I II 22 22 22 22
PEP-2 II 22 22 22 22
PEP-3 II II II II II
PEP-4 II II II II II
PGM II 12 II 34 33
6-PGDH 22 12 II 22 22
* Number •.•II. 12.22. 33. elc .. reprc •.•ent the symbob of each allele (I. 2. 3.4) cOIl,,>tituting

different genotypes. 00 means that no band was revealed al the corresponding loclls. II is
a homozygote for the fastesl migrating allele (allele I). etc. n = number of analyzed in-
dividuah.. For definitions of loci, ~ce Materials and Method~.

somes do not show C-heterochromatin (Figure 3). This char-
acteristic is present in several species of triatomines, i.e., T.
rubrovaria,20 which share a similar meiotic behavior. For this
reason, the absence of chromosomal differentiation between
T. guasayana and Argentinian T. sordida populations does
not invalidate the taxonomic status of the former species. In
addition, our isoenzymatic data, in accordance with those of
Garcia and others,21 showed that more than 45% of the al-
leles are species-specific. This supports the status of T. sor-
dida and T. guasayana as separate species, ensuring that we
did not compare wrongly identified specimens. Moreover,
the UPGMA tree derived from Richardson's distances was
consistent with both species identification and geographic
location of the samples (Figure 6 and Table 4).
The chromosomal studies reveal the existence of two

clearly different groups of individuals of T. sordida: one
corresponding to the Argentinian collections and the other
to the Brazilian ones. The latter shows a significant amount
of autosomal heterochromatin (30-35%), which forms sev-
eral heteropycnotic chromocenters (Figures 4A, B, and C).
Conversely, T. sordida populations from Argentina are char-
acterized by the absence of autosomal heterochromatin,
while only the heteropycnotic sex chromosomes participate
in the formation of a single chromocenter (Figures 3A, B,
and C). It remains unclear whether these differences could
alter the meiotic process in hybrid individuals, acting as a
postzygotic reproductive isolating mechanism. Panzera and

FIGURE 5. Isozyme profiles of glucose-6-phosphate isomerase
(GPI) among specimens of the five studied samples. A, Triatoma
sordida from Brazil; B, T. patagonica: C, T. sordida from northeast
Argentina; D, T. sordida from northwest Argentina; E, T. guasay-
ana.



FIGURE 6. An unweighted pair group method arithmetic average dendrogram based on Richardson's distances, illustrating the genetic
relationships among the five triatomine samples studied in this report. Ts. = Triatoma sordida; NE Arg = northeast Argentina; NW Arg =
northwest Argentina: Tg. = T guasayana; Tp. = T. patagonica.

others I I have suggested for other triatomine species that the
amount and differential distribution of heterochromatin does
not affect homologous chromosome pairing. However, in-
dividuals with strikingly different C-banding patterns, such
as those belonging to T. sordida populations, can exhibit an
alteration in chiasmata distribution due to the displacement
of chiasma position by autosomal C-blocks.22 The resulting
hybrids would thus display a recombination pattern different
from that of the original populations. If this caused a sepa-
ration of beneficial linked genes (coadapted), which would
not normally be separated by crossing-over, the reproductive
fitness of the hybrids would be affected.
Triatoma sordida probably originated in the Brazilian cer-

rado,23.24 and as a consequence of deforestation and T. in-
festans control strategies, it has dispersed towards the south.
It is possible that the chromosomal differentiation we have
observed occurred during this dispersal process. This pro-
cess seems to have involved the loss of heterochromatic
blocks, and as a consequence, a reduction in the quantity of
DNA. A similar observation was made in the chromosomal
complement of another triatomine species, T. infestans, in
which the dispersal process from the area of origin has re-
sulted in a 40% reduction of its heterochromatic blocks and
DNA content (Perez R, unpublished data).
Isoenzyme analysis of the Brazilian and Argentinian

pooled samples of T. sordida showed three diagnostic loci
(GPI, PEP-I, and PEP-2) (Table 3). Two alternative hypoth-
esis can explain these results. One implies that T. sordida
from Brazil and Argentina are two genetically well-differ-

entiated populations. Another supposes that they could ac-
tually be two distinct species, although closely related and
recently originated. The value of fixed differences between
northwestern Argentinian and Brazilian collections (6 of 19)
(Table 3) is too high to be considered intraspecific geograph-
ic variation.
With regard to the morphologic differences between T.

sordida specimens from the dry or humid regions of Argen-
tina proposed by Carcavallo and others,lo the examined cy-
togenetic markers did not allow us to differentiate them.
Moreover, isoenzymatic data showed different fixed alleles
at only one locus (MDH-2) between both Argentinian sam-
ples (Table 3).
To confirm with certainty the taxonomic status of the pop-

ulations of T. sordida from Brazil and Argentina, it would
be necessary to first define the geographic distribution of
each population. Second, it would be necessary to analyze
individuals from the contact region of these two populations
by means of isoenzyme and chromosome analysis. Prelimi-
nary analysis of T. sordida from Bolivia suggested that both
populations are present in this country. Third, one would
have to determine the existence of incipient reproductive iso-
lation mechanisms between individuals from the Argentinian
and Brazilian samples via directed crosses. Laboratory
crosses between T. sordida and T. guasayana show viable
progeny.3 However, Usinger and others2 reported a lack of
fertility between them. These contradictory results might be
due to the fact that the crossing mates came from different
geographic locations.

TABLE 4
Richardson's distances from which the unweighted pair group method arithmetic average tree was derived (see Figure 6)

Triatoma sordida Triatoma sordida Triatoma sordida
(Brazil) (n0l1heasl Argentina) (northwest Argentina) Triatoma guosoyall{{ Trialoma paragon/ca

T. sordida (Brazil) 0.000 0.000 0.000 0.000 0.000
T. sordida (northeast Argentina) 0.158 0.000 0.000 0.000 0.000
T. sordida (northwest Argentina) 0.316 0.053 0.000 0.000 0.000
T. guasayana 0.579 0.474 0.526 0.000 0.000
T. patagonica 0.474 0.368 0.421 0.211 0.000



Gorla and others3 support the concept that these three spe-
cies represent a gradient of specialization from the central
cerrado in Brazil to southern Argentina, with T. sordida be-
ing the most ancient and T. patagoniea the most recent of
the group. According to our cytogenetic results, the hypoth-
esis of Gorla and others3 would imply a first event in which
one or some T. sordida populations from Brazil lost their
total autosomal heterochromatin, giving rise to the Argenti-
nian T. sordida populations and T. guasayana. Afterwards,
a regaining of heterochromatic blocks accompanied, as a
cause or consequence of the speciation process, the origin
of T. patagoniea. We believe that this sequence of events is
very unlikely considering the common and recent origin of
the group supp0l1ed by Gorla and others3 Studies based on
molecular markers, such as nuclear and mitochondrial se-
quences, would provide a good approach in clarifying the
phylogenetic relationships among these species.
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