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Ecological niche modelling and differentiation between
Rhodnius neglectus Lent, 1954 and Rhodnius nasutus Stal, 1859
(Hemiptera: Reduviidae: Triatominae) in Brazil
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Ecological niche modelling was used to predict the potential geographical distribution of Rhodnius nasutus
Stal and Rhodnius neglectus Lent, in Brazil and to investigate the niche divergence between these morphologi-
cally similar triatomine species. The distribution of R. neglectus covered mainly the cerrado of Central Brazil, but
the prediction maps also revealed its occurrence in transitional areas within the caatinga, Pantanal and Amazon
biomes. The potential distribution of R. nasutus covered the Northeastern Region of Brazil in the semi-arid caat-
inga and the Maranh&o babacu forests. Clear ecological niche differences between these species were observed.
R. nasutus occurred more in warmer and drier areas than R. neglectus. In the principal component analysis PC1
was correlated with altitude and temperature (mainly temperature in the coldest and driest months) and PC2 with
vegetation index and precipitation. The prediction maps support potential areas of co-occurrence for these species
in the Maranh&o babagu forests and in caatinga/cerrado transitional areas, mainly in state of Piaui. Entomologists
engaged in Chagas disease vector surveillance should be aware that R. neglectus and R. nasutus can occur in the
same localities of Northeastern Brazil. Thus, the identification of bugs in these areas should be improved by applying
morphometrical and/or molecular methods.
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Ecological niche modelling (ENM) is a methodologi-
cal approach that generates geographical distribution
models for species. It has been a useful tool in studies
on zoogeographical distribution patterns (Anderson
et al. 2003, Tsoar et al. 2007). In vector studies, ENM
suggests potential areas of vector occurrence and con-
sequently, risk areas of pathogen transmission (Peterson
2006). This approach has already been used to analyse
the geographical distribution of some triatomine species
(Costa et al. 2002, Peterson et al. 2002, L6pez-Cérdenas
et al. 2005, Gurgel-Goncalves & Cuba 2009), thus con-
tributing to epidemiological studies on Chagas disease.

Rhodnius neglectus Lent, 1954 is a common (al-
though non-endemic) species of the cerrado biome
in Central Brazil (Gurgel-Gongalves & Cuba 2009).
Rhodnius nasutus Stal, 1859 seems to be restricted to the
Northeastern Region of Brazil in the semi-arid caatin-
ga, including the states of Ceara (CE), Maranhdo (MA),
Pernambuco (PE), Piaui and Rio Grande do Norte (Lu-
cena & Lima-Borba 1977, Carcavallo et al. 1999, Galvéo
et al. 2003). These triatomines are frequently found in
palm trees and bird nests in sylvatic environments, but
adult specimens infected by Trypanosoma cruzi Chagas,
1909 have been invading houses in Central and North-
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eastern Brazil (Sarquis et al. 2004, Gurgel-Gongalves et
al. 2008). The problem of reinfestation of insecticide-
treated dwellings highlights the need for a better under-
standing of the geographical distribution and ecology of
wild vector species (Guhl et al. 2009). Thus, predicting
the distribution of these triatomines may improve vector
surveillance strategies for Chagas disease.

R. neglectus and R. nasutus are morphologically
similar triatomines, distributed in open formations with
long dry seasons in Central and Northeastern Brazil, re-
spectively. Although R. neglectus occurs mainly in the
cerrado and R. nasutus in the drier caatinga, there is
evidence that these two species may occur sympatrically
in transitional areas between their respective core ecore-
gions (Abad-Franch et al. 2009). However, the geograph-
ical distribution limits of these species are still poorly
known. Thus, the aims of our study were: (i) to predict
the potential geographical distribution of R. nasutus and
R. neglectus in Brazil using the ENM approach, (ii) to in-
vestigate the ecological niche differences between these
species, (iii) to identify the environmental variables that
most influence their geographical distribution and (iv) to
identify potential areas of co-occurrence for R. nasutus
and R. neglectus.

MATERIALS AND METHODS

Occurrence records for R. nasutus and R. neglectus
- The distributional data for R. nasutus were obtained
from Lent (1948), Lent (1954), Lucena and Lima-Borba
(1977), Lent and Wygodzinsky (1979), Silveira et al.
(1984), Pinto and Bento (1986), Carcavallo et al. (1999),
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Galvao et al. (2003), Sarquis et al. (2004), Dias et al.
(2008), Lima and Sarquis (2008) and Abad-Franch et
al. (2009). Distributional data for R. neglectus were ob-
tained from Gurgel-Gongalves and Cuba (2009). Geo-
graphical coordinates of the municipality administra-
tive centre were obtained from the Brazilian Institute of
Geography and Statistics - IBGE (http://www.ibge.gov.
br) database. All maps were created and edited using the
software ARC VIEW (version 3.2).

ENM and niche differentiation - Among the ENM
methods developed, the Genetic Algorithm for Rule-
set Production (GARP) (Stockwell & Peters 1999) has
demonstrated its utility for predicting species distribu-
tions (Anderson et al. 2003). Twenty-one variables were
used to generate models using the DesktopGarp appli-
cation (version 1.1.6). Details about the environmental
database and the software parameters used in GARP are
described elsewhere (Gurgel-Gongalves & Cuba 2009).
The 2 statistic was used to calculate the probability of a
random prediction being similar as the one generated by
GARP. For each species we produced 100 models. The
best subset procedure (Anderson et al. 2003) was used to
select 10 of 100 models with the highest predictive val-
ues. These models were imported into ARC VIEW (ver-
sion 3.2) and summed using the Map Calculator function
in order to generate a single cumulative predictive map
ranging from zero (predicted absence) to 10 (the coinci-
dence of the 10 best models, the highest predictive agree-
ment of presence). We considered the coincidence of the
5-10 best models (moderate to high predictive agreement
of presence) to be appropriate for describing the species’
potential distribution. This procedure added a compo-
nent of conservatism to the predictions of GARP, which
otherwise could over-extrapolate the potential areas.

We used Student’s t-test to compare the mean alti-
tude, temperature, normalised difference vegetation
index (NDVI) and precipitation in the areas of occur-
rence of R. neglectus and R. nasutus (alpha = 0.01). Fur-
thermore, we conducted a principal component analysis
(PCA) with all 21 environmental variables from the oc-
currence areas of R. neglectus and R. nasutus. PCA re-
duces the dimensionality of the original set of variables
with little loss of information by transforming the origi-
nal variables into a new set of independent components
(Foottit & Sorensen 1992). The components that ac-
counted for the majority of the total variance were exam-
ined and the most highly loaded variables were analysed.
This approach was used to identify which environmental
variables most influence the geographical distribution of
these species. A scatterplot of the component scores of
the species occurrence areas was created to visualise the
ecological niche differences between R. neglectus and
R. nasutus. PCA and Student’s t-test were computed with
Statistica® (StatSoft Inc, Tulsa, OK, USA).

RESULTS

We analysed 49 occurrence records for R. neglectus
and 54 for R. nasutus. The 10 best GARP models result-
ing from ecological niche analysis for these species pre-
sented statistically significant ¢? values (p < 0.01), indi-
cating that the models are quite predictive and that they
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summarise the ecological requirements of each species.
The highest levels of commission and omission errors
were observed for R. neglectus (Table I).

The predicted distribution of R. neglectus covered
mainly the cerrado of Central Brazil, but the models also
revealed moderate to high predictive agreement of pres-
ence of this species in transitional areas, such as cerrado-
caatinga [western Bahia (BA)], cerrado-Pantanal [Mato
Grosso do Sul (MS)], cerrado-Amazon (northern areas
of Mato Grosso and Tocantins), cerrado-Parana interior
forests [western S&o Paulo (SP)] and cerrado-Maranhéo
babacu forests (north of MA and PI), as shown in Fig.
1A. The potential distribution of R. nasutus covered the
Northeastern Region of Brazil in the semi-arid caatinga
and the Maranhéo babacu forests. However, the predic-
tion maps of R. nasutus indicated areas of potential oc-
currence for this species in Central Brazil (Fig. 1B).

ENM of R. neglectus and R. nasutus supports poten-
tial areas of co-occurrence for these species in the Mara-
nhéo babagu forests and in caatinga/cerrado transitional
areas, mainly in PI (Fig. 1A, B). However, these species
showed statistically different values for the environmen-
tal variables of their occurrence areas (Table I1). Clear
ecological niche differences between these species were
observed. R. nasutus occurred more in warmer and drier
areas than R. neglectus (Fig. 2A). Moreover, the occur-
rence areas of R. neglectus showed the highest values of
altitude and NDVI (Table I, Fig. 2B).

In the multivariate analysis, including all environ-
mental variables from the occurrence areas for R. neglec-
tus and R. nasutus, the first two principal components
(PC) summarised 66% of the environmental variance
and also showed clear niche differences between these
species (Fig. 2C). PC1 explained most of the total varia-
tion and was correlated with altitude and temperature
variables, mainly temperature in the coldest and driest
months. PC2 explained 19% of the environmental vari-
ance and was correlated with NDVI and precipitation
variables (Table I11). Low values of precipitation/NDV I
combined with high values of temperature in the coldest
and driest months distinguish the ecological niche of R.
nasutus from that of R. neglectus.

TABLE |

Statistical parameters for the 10 models in the best subset
selection outcoming from ecological niche modeling of
Rhodnius neglectus and Rhodnius nasutus

Species v p Commission® Omission®
R. neglectus 57.7-77.2 <0.01 17.4-24.9 0-16.6
R. nasutus 154.4-365.0 <0.01 5.0-11.4 0-9.5

a: percentage of the predicted area that exceeds the recorded
occurrence; b: percentage of test points that were predicted
absent, but are presence records of the species. Values pres-
ent the range of the 10 models in the best subset selection; p:
probability that a random prediction has the same number of
correct predicted points as the one generated by DesktopG-
arp application (version 1.1.6); ¥ chi-square statistics.
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Fig. 1: predicted geographical distribution of Rhodnius neglectus (A: after Gurgel-Gongalves & Cuba 2009) and R. nasutus (B) in Brazil based
on ecological niche modelling (Genetic Algorithm for Rule-set Production). The blank areas represent the absence predicted by the models. The
symbols represent the occurrence records of R. neglectus (white squares) and R. nasutus (white circles) used in modeling. Grey areas represent
coincidence of 5-10 best models (moderate to high predictive agreement of presence).

TABLE Il

Mean, standard deviations and t-test results of some ecological variables from the occurrence areas
of Rhodnius neglectus and Rhodnius nasutus in Brazil

Variables R. neglectus R. nasutus t- test p

Annual mean temperature (°C) 23.6+138 25717 5.6 <0.01
Annual precipitation (mm) 1448 + 267 968 + 319 -7.9 <0.01
Mean altitude (masl) 528 + 280 255 + 215 -5.6 <0.01
Normalized difference vegetation index 744 + 26 716 + 42 -4.0 <0.01

DISCUSSION

The use of the ENM approach to analyse the pre-
dicted geographical distribution of triatomines has
been increasing in recent years (Costa et al. 2002, Gorla
2002, Peterson et al. 2002, Rodriguero & Gorla 2004,
Lopez-Cardenas et al. 2005, Sandoval-Ruiz et al. 2008,
Arboleda et al. 2009, Gurgel-Gongalves & Cuba 2009,
Gurgel-Gongalves & Silva 2009, Ibarra-Cerdefia et al.
2009). These predictions have yielded ecological and
biogeographical knowledge regarding triatomines that
may lead to new vector-control and surveillance strate-
gies for Chagas disease.

The geographical distribution of R. nasutus reviewed
in the present study included occurrence records from
PE and BA and was wider than that recorded by Car-
cavallo et al. (1999). We also updated the alti-latitudinal
distribution and described the ecological niche for this
species. The association between R. nasutus and palm
tree species may also explain the distribution patterns
observed. R. nasutus occurs mainly in the carnauba wax
palm Copernicia prunifera (Mill.) HE Moore, where it
feeds mainly on birds (Lent & Wygodzinsky 1979, Pin-
to & Bento 1986, Carcavallo et al. 1998, Sarquis et al.
2004). However, R. nasutus inhabits other palm tree spe-
cies such as Attalea speciosa Mart. and Syagrus olera-

cea (Mart.) Becc., which have a wide distribution in the
caatinga and cerrado biomes (Bento et al. 1992, Dias et
al. 2008). Moreover, the colonisation of this triatomine in
another tree species (Licania rigida Benth.) was reported
by Lima and Sarquis (2008). These authors also suggest
that environmental damage is facilitating the ability of
R. nasutus to colonise other trees besides palms. The
potential distributions of these tree species should be in-
vestigated and compared with R. nasutus’ distribution in
future studies to better understand these associations.
The predicted distribution of R. neglectus was simi-
lar to the one presented by Gurgel-Gongalves and Cuba
(2009), but in the present study we increased the range of
the predicted area in Southwestern Brazil after including
records from MS and SP. Although R. neglectus occurs
mainly in the cerrado biome and R. nasutus in the drier
caatinga, potential distribution areas of R. neglectus in
the caatinga and R. nasutus in the cerrado were observed.
The presence of R. neglectus in caatinga is already
registered (Abad-Franch et al. 2009, Gurgel-Gongalves &
Cuba 2009), but available distributional data do not show
the presence of R. nasutus in the core area of the cerrado;
all known records of Rhodnius in this region are due to
R. neglectus (Lent & Wygodzinsky 1979, Carcavallo et al.
1999, Galvéo et al. 2003, Gurgel-Goncalves et al. 2003,
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Fig 2: ecological niche differentiation between Rhodnius neglectus
(squares) and Rhodnius nasutus (triangles) occurrence areas. A: an-
nual mean temperature and precipitation values; B: alti-latitudinal
distribution; C: component scores of the first two components from
the principal component analysis (PC1 and PC2) for all environmental
variables from the occurrence areas of R. neglectus and R. nasutus.

2004, 2008). According to Anderson et al. (2003), this
overprediction error in ENM approaches derives from
potentially habitable regions correctly predicted as pres-
ence, but that cannot be demonstrated as such because
there is no occurrence record of the species there. Indeed,
the predicted areas of R. nasutus in Central Brazil (main-
ly in state of Goias) should be related to low precipitation
values in the dry season. The absence of R. nasutus in
Central Brazil may have various causes, including his-
torical restrictions (e.g., geographic barriers and/or lack

TABLE 111

Variables correlation with the first two principal
components (PC1 and PC2) which reflects the importance of
the environmental variables used do produce the ecological
niche models of Rhodnius neglectus and Rhodnius nasutus

Variables PC1 PC2

Normalized difference vegetation index -0.18 -0.782
Altitude -0.80% 0.21

Annual mean temperature 0.892 -0.20
Mean diurnal range -0.57 -0.37
Isothermality 0.62 0.01

Temperature seasonality -0.752 0.14

Max. temperature of warmest month 0.712 -0.38
Min. temperature of coldest month 0.982 0.00

Temperature annual range -0.712 -0.33
Mean temperature of wettest quarter 0.742 -0.24
Mean temperature of driest quarter 0.972 -0.15
Mean temperature of warmest quarter 0.852 -0.28
Mean temperature of coldest quarter 0.952 -0.26
Annual precipitation -0.33 -0.862
Precipitation of driest month -0.02 -0.79?
Precipitation of wettest month -0.54 -0.31
Precipitation seasonality 0.68 0.40

Precipitation of wettest quarter -0.07 -0.832
Precipitation of driest quarter -0.53 -0.35
Precipitation of warmest quarter -0.63 -0.16
Precipitation of coldest quarter 0.43 -0.42

a: correlation > 0.7.

of sufficient dispersal opportunities) and biotic inter-
actions (such as competition with related species; e.g.,
R. neglectus). By examining the congruence or discord-
ance between predicted and actual distributions, it is
possible to evaluate the potential role of ecological and
historical factors in determining a species’ geographical
distribution (Anderson et al. 2002).

The temperature, altitude, NDVI and precipitation
values of R. neglectus and R. nasutus occurrence areas
were compared and our results showed clear ecological
niche differences between these species. PCA was also
useful for measuring niche amplitude for each species,
as previously reported for North American triatomines
(Ibarra-Cerdefia et al. 2009). The maximum variation
in niche amplitude occurred along the first axis (PC1),
mainly associated with atemperature gradient. Moreover,
a precipitation-humidity gradient was observed along the
second axis (PC2). Our results support the hypothesis
that the warmest and driest areas of Northeastern Brazil
produce ideal conditions for R. nasutus occurrence. In
contrast, the coldest areas with the highest altitude and
NDVI values seem to be favourable for R. neglectus.

Other studies addressing the influence of climatic
variables on triatomine distribution have also showed
ecological niche differences between triatomine species
(Costa et al. 2002, Sandoval-Ruiz et al. 2008, Arboleda
et al. 2009). For example, the vapour pressure deficit
minimum was the principal variable among the nine
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most important to describe the distribution of Rhodnius
pallescens, which is in agreement with its stenohydric
status (Arboleda et al. 2009).

Thus, the distribution of Rhodnius species may be ex-
plained by various climatic factors. Apparently, the level
of humidity is one of the main factors separating species
of humid environments (most species of Rhodnius) from
those of dry environments, such as R. neglectus and espe-
cially R. nasutus. Further studies analysing the influence
of environmental variables on the geographical distribu-
tion of all 16 known Rhodnius species should reinforce
this hypothesis. Finally, these studies should have impli-
cations for the surveillance of Chagas disease vectors, be-
cause there is evidence that triatomine household infes-
tation is restricted to the driest regions (Abad-Franch &
Monteiro 2007, Sandoval Ruiz et al. 2008).

ENM of closely related species occurring in adjoin-
ing or slightly overlapping areas is useful for exploring
the factors affecting the species’ geographical distribu-
tions and for providing directional hypotheses that can
be tested in future studies. Investigations at smaller
spatial scales on the ecology of these species (e.g., mi-
crohabitat, feeding patterns), especially comparisons
among populations occurring inside and outside the pre-
dicted overlap zone, should give conclusive results on
the roles of competitive interactions and historical fac-
tors in shaping species distributions (Costa et al. 2008).
Further comparative phylogeographical studies may also
evaluate the role of demography and climatic events in
shaping the diversity and distribution of R. neglectus and
R. nasutus populations in South America. In Brazil, the
predicted maps support potential areas of co-occurrence
for these species in MA, PI, CE, PE, BA, state of Paraiba
(PB) and state of Alagoas. There are occurrence records
of R. neglectus and R. nasutus sharing ecotopes in the
same localities in Pl (Bento et al. 1992) and BA (Abad-
Franch et al. 2009). The same pattern may occur in other
areas including the MA, PI, CE, PE and PB that have
favourable macroenvironmental conditions for both
species to occur. Such areas should be investigated to
broadly compare the realised distribution with the one
predicted by the models and to identify microenviron-
mental factors segregating these species.

Entomologists engaged in Chagas disease vector sur-
veillance should be aware that the morphologically simi-
lar triatomines R. neglectus and R. nasutus can occur in
the same localities of Northeastern Brazil, as predicted
in our study. Thus, the identification of bugs in these
areas should be improved by applying morphometrical
(Gurgel-Gongalves et al. 2008) and/or molecular (Abad-
Franch & Monteiro 2005) methods.
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