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Informe clinico

No estalla como las bombas, ni suena
como los tiros.

Como el hambre, mata callando.

Como el hambre, mata a los callados: a
los que viven condenados al silencio y

mueren condenados al olvido.

Tragedia que no suena, enfermos que
no pagan, enfermedad que no vende. El
mal de Chagas no es negocio que
atraiga a la industria farmacéutica, ni es
tema que interese a los politicos ni a los

periodistas.

Elige a sus victimas en el pobrerio. Las
muerde y lentamente, poquito a poco,
va acabando con ellas. Sus victimas no
tienen derechos, ni dinero para
comprar los derechos que no tienen. Ni
siquiera tienen el derecho de saber de

gqué mueren

Relatoério clinico

N&o estoura como as bombas, nem soa como
os tiros.

Como a fome, mata calando.

Como a fome, mata aos calados: aos que
vivem condenados ao silencio e morrem

condenados ao esquecimento.

Tragédia que ndo soa, doentes que nao
pagam, doenca que na vende. O mal de
Chagas néo é negocio que atraia a industria
farmacéutica nem é tema que interesse a

politicos nem a jornalistas.

Escolhe suas vitimas entre os pobres. As
morde e lentamente, pouco a pouco vai
acabando com elas. Suas vitimas ndo tém
direitos, nem dinheiro para comprar os
direitos que ndo tem. Nem sequer tém direito

de saber do que morrem.

Eduardo Galeano, escritor uruguaio nascido em 1941, autor da reconhecida obra “As veias
abertas da América Latina”, 1971. Tomado do livro “Chagas, uma tragédia silenciosa” da

organizacdo Médicos sem Fronteiras, 2005. Traduc¢do ao portugués Nélie Sa Pereira.
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RESUMO

Triatoma pseudomaculata, T. wygodzinskyi, T. arthurneivai e T. maculata
(Hemiptera: Triatominae) sdo vetores da doenca de Chagas com distintos graus de
importancia epidemioldégica. As trés primeiras sao exclusivamente brasileiras e a
ultima ocorre ao norte da América do Sul (no Brasil, restrita ao estado de Roraima).
Segundo varios autores, T. pseudomaculata e T. maculata comp&em o "complexo T.
maculata” devido as suas semelhancas morfolégicas. Porém, existem indicios de
gue este agrupamento ndo seja natural, pois ha o indicio de que T. pseudomaculata
seja mais relacionada com T. wygodzinskyi. Além deste problema sistematico existe
um déficit de informacdo sobre aspectos morfolégicos, bioldgicos, ecoldgicos e
genéticos dessas espécies. Por serem T. wygodzinskyi e T. pseudomaculata
espécies irmas, onde a primeira é estritamente silvestre e a segunda encontra-se em
processo de domiciliacdo, estas constituem um excelente modelo para se entender o
papel desempenhado pela plasticidade morfologica e comportamental e a
divergéncia ecolégica e genética no processo de adaptacdo aos ambientes
antropicos.

As ferramentas utilizadas para diferenciar as espécies foram o fenotipo antenal, a
morfometria geométrica das asas e o sequénciamento de um gene mitocondrial.
Todas essas técnicas mostram que T. maculata, T. pseudomaculata, T. arthurneivai
e T. wygodzinskyi sdo taxa bem definidos independentemente das suas similitudes
externas. Foram detectados erros de identificacdo para T. arthurneivai, postulando-
se que os registros desta espécie fora da Serra do Espinhaco correspondem a T.
wygodzinskyi. A criagdo do “complexo T. wygodzinskyi” formado por T. wygodzinskyi
e T. pseudomaculata, e a desconsideracédo do “complexo T. maculata” estédo sendo
propostas baseadas em evidéncias filogenéticas e fenotipicas. T. arthurneivai s.s.
apresenta semelhancas fenotipicas com T. wygodzinskyi, sendo um forte candidato
a integrar o novo complexo.

Dados obtidos sobre diferentes aspectos da biologia destas espécies reforcam tais
evidéncias filogenéticas. A duracdo dos ciclos de vida e o comportamento de
ingestdo de sangue de T. pseudomaculata e T. wygodzinskyi sdo proximos entre si e
diferentes aos de T. maculata. A distribuicdo geogréfica conhecida de T.
pseudomaculata é coerente com os modelos de distribuicdo preditivos obtidos a
partir do sensoriamento remoto, ficando associada as provincias biogeograficas de

caatinga e cerrado. Entretanto, para T. wygodzinskyi, o modelo prediz uma
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distribuicdio mais ampla que a conhecida, estendendo-se pelas provincias
biogeograficas do Bosque Paranaense e Bosque de Araucaria angustifolia.

Do ponto de vista ecoldgico, foi constatado que as populacdes silvestres de T.
wygodzinskyi sdo estritamente rupicolas e as de T. pseudomaculata arboricolas,
podendo ser encontradas em ocos de arvore e em ninhos de aves e tocas de
roedores localizadas nas arvores. Ambas as espécies possuem uma notavel
amplitude trofica, podendo alimentar-se tanto de sangue de varios tipos de
vertebrados quanto da hemolinfa de artr6podes, caracterizando assim uma
hemolinfagia residual. Populacdes silvestres de T. pseudomaculata apresentam um
déficit nutricional marcado quando comparadas com populacdes peridomésticas.
Este déficit nutricional, associado a plasticidade comportamental (fontes de sangue,
eleicdo do habitat) e a capacidade constatada de dispersdo pelo véo, poderia
favorecer a invasao e colonizacdo das construcdes antropicas. Embora esta espécie
apresente ampla capacidade para invadir esses ambientes, ndo possui uma
significativa habilidade para colonizar o domicilio. Porém, a presenca de populacdes
silvestres garante uma re-colonizacdo continuada dos ambientes peridomésticos.
Por tal motivo, € indispensavel ndo se descuidar vigilancia e controle entomoldgico

em areas infestadas.
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ABSTRACT

Triatoma pseudomaculata, T. wygodzinskyi, T. arthurneivai and T. maculata
(Hemiptera: Triatominae) are Chagas disease vectors with different epidemiological
importance. The first three species are exclusively Brazilian, while the last one occurs
in the northern part of South America (in Brazil, it is restricted to the state of
Roraima). According to various authors, T. pseudomaculata and T. maculata, which
share many morphologic and chromatic characteristics, form the T. maculata
complex. Evidence exists, however, to support that this group might be invalidated
and that T. pseudomaculata could be more closely related with T. wygodzinskyi.
Besides this systematic problem, there is a deficit of information on morphological,
biological, ecological and genetic aspects of these triatomine species. Because T.
wygodzinskyi and T. pseudomaculata would be closely related species, the first
being strictly silvatic and the second in domestication process, these constitute a
good model for understanding the influence of morphological and behavioural
plasticity, and ecological and genetic divergences, on the process of adaptation to
anthropic environments.

Antennal phenotype, geometric morphometry of the wings and sequences of a
mitochondrial gene were the tools used to differentiate the species. All these
techniques show that T. maculata, T. pseudomaculata, T. arthurneivai, and T.
wygodzinskyi are well defined taxa, independently of their external similarities.
Misidentifications were detected for T. arthurneivai, being postulated that the records
of this species out of the Serra do Espinhaco would correspond to T. wygodzinskyi.
The creation of the T. wygodzinskyi complex, formed by T. wygodzinskyi and T.
pseudomaculata, and the removal of the maculata group are being proposed based
on phylogenetic and phenotypic evidence. T. arthurneivai s.s, which presents strong
phenotypic similarities with T. wygodzinskyi, would be a candidate to integrate the
new group.

Data obtained on different aspects of the biology of these species reinforce such
phylogenetic evidence. The life cycle and blood ingestion pattern of T.
pseudomaculata and T. wygodzinskyi are closer to each others that to T. maculata.
The known geographical distribution of T. pseudomaculata is coherent with the
predictive models of distribution obtained from remote sensors, being associated to

the biogeographic provinces of the Cerrado (savanna) and Caatinga (steppe).
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However, for T. wygodzinskyi, they predict a wider distribution, extending to
biogeographic provinces of the Parana Forest and the Araucaria angustifolia Forest.

From an ecological point of view, it was verified that wild populations of T.
wygodzinskyi are strictly rupicolous while those of T. pseudomaculata are arboreal,
being found in hollow trees and bird nests. Both species have a wide trophic
amplitude, being able to feed on many vertebrate hosts and on arthropods, exhibiting
a residual hemolymphagy. Wild T. pseudomaculata populations show a marked
nutritional deficit when compared with peridomestic populations. This nutritional
deficit, associated to a behavioral and trophic plasticity and the confirmed flight
dispersal, could favor the invasion and colonization of anthropic structures. Although
T. pseudomaculata presents a high capacity to invade peridomestic structures, it
does not have a significant ability to colonize the houses. However, the existence of
wild populations favors a continuous recolonization of the peridomestic
environments. For this reason, it is indispensable not to neglect the surveillance

tasks and entomological control.
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1. INTRODUCAO
Esta tese encontra-se dividida em oito capitulos. O primeiro capitulo,
(Introducéo), tem como objetivo inserir ao leitor em aspectos gerais da doenca
de Chagas e seus vetores, para finalmente aprofundar sobre as espécies
estudadas. O segundo capitulo (Problematica), explica os motivos que levaram
a realizacdo deste estudo e o terceiro capitulo (Objetivos) os detalha. No
capitulo dedicado a metodologia (Material e Métodos), o leitor encontrara uma
descricéo geral dos métodos abordados, sem constar descricdes completas, as
guais sao tratadas particularmente em cada artigo. Assim, o quinto capitulo
(Resultados) é apresentado na forma de manuscritos, sendo um deles
publicado, dois no prelo, trés submetidos (os seis em periddicos cientificos
indexados) e trés em preparacdo. Além da discussao realizada dentro de cada
artigo, que envolve unicamente o tema abordado nele, € apresentado o capitulo
destinado a debater o tema de estudo completo (Discussé&o), para uma melhor
compreensao global. Ja as conclusdes sdo proporcionadas no sétimo capitulo
(Conclusdes). O oitavo capitulo (Referéncias) lista a bibliografia citada no
primeiro, segundo, terceiro e quarto capitulo. Finalmente, o Anexo | oferece
copia do artigo publicado e o Anexo Il mostra outros dois artigos em co-autoria,

relacionados com a tese, mas que nao forma parte dela.

1.1.A doenca de Chagas

Entre 1909 e 1912, o médico brasileiro Carlos Chagas revelou a comunidade
cientifica um descobrimento inédito na medicina mundial, apresentando uma
nova enfermidade, seu agente etioldgico, seus reservatorios naturais e o seu
transmissor (Chagas, 1909; 1912). Por ter proporcionado tamanha proeza, essa
doenca levou seu nome em sua homenagem. Em 1907, o jovem médico de 28
anos tinha sido enviado para o estado de Minas Gerais devido a existéncia de
um surto de malaria que afetava aos operarios da Estrada de Ferro Central do
Brasil. Depois de haver controlado o problema, resolveu investigar os quadros de
dificil interpretacdo que acometiam os habitantes da regido. Encontrou um inseto
com flagelados no seu intestino que enviou para o médico sanitarista Oswaldo
Cruz no Rio de Janeiro, pedindo-lhe que o alimentara sobre saguis (Callithrix
penicillata Saint-Hilaire, 1812) livres de infeccéo. Logo depois de umas semanas,



esses saguis encontraram-se infectados com um flagelado. Posteriormente,
realizou inUmeros exames de sangue nos habitantes da regido e encontrou,
finalmente, uma menina e um gato infectado com formas circulantes de um
parasita idéntico ao visto no sangue dos saguis supracitados, que denominou
Schizotrypanum cruzi.

Uma vez descoberta, e até a atualidade, a doenca de Chagas tem
representado um problema de saude publica que se estendeu para toda América
Latina. Porém, dados de paleopatologia demonstram a existéncia da infeccéo
em humanos desde os anos 7000 AC no deserto de Atacama (Norte do Chile e
sul do Peru) onde mumias fossilizadas afetadas pelo Trypanosoma cruzi
(Chagas, 1909) apresentaram lesdes tipicas da doenca (Rothhammer et al.,
1985; Fornaciari et al., 1992; Aufderheide et al., 2004). Dados fornecidos pelos
ultimos autores para mumias dessa mesma regido mostram que durante o
Holoceno a prevaléncia dessa enfermidade alcancou até um 41%.

Os ultimos dados apresentados pela Organizacdo Mundial da Saude indicam
gue existem aproximadamente 16 a 18 milhdes de pessoas infectadas pelo T.
cruzi na América Latina e cerca de 50.000 mortes devido a doenca de Chagas
ocorrem cada ano (WHO, 2006). JA o “Center for Disease Control and
Prevention” dos EUA, informa que existem 11 milhdes de pessoas infectadas
(CDC, 2006). Recentemente, Schofield et al. (2006), baseados na ultima
estimativa do “Disease Control Priorities Project of the NIH” e do Banco Mundial,
sugerem haver uma prevaléncia total de 9,8 milhdes. E evidente que o panorama
ameacador prévio a 1991, tem sido modificado. A reunido denominada Iniciativa
do Cone Sul realizada nesse ano, convocaram-se cientistas e representantes
dos governos da Argentina, Bolivia, Brasil, Chile, Paraguai e Uruguai, para unir
esforcos no intuito de diminuir a transmisséao, principalmente vetorial, da doenca.
Em junho de 2006, a Comisséo Intergovernamental da Iniciativa do Cone Sul
declarou o Brasil formalmente livre da transmissédo vetorial pelo Triatoma
infestans (Klug, 1834) (Schofield et al., 2006). Contudo, existem cerca de 3000
municipios que apresentam algum grau de infestacdo triatominica que, na sua
grande maioria, corresponde a espécies nativas secundarias que invadem as
habitagcbes humanas. Existem atualmente entre dois e quatro milhdes de
pessoas portadoras do T. cruzi no Brasil (Dias, 2006).



1.1.1. Biologia e transmissao do T. cruzi

O T. cruzi é um flagelado da ordem Kinetoplastida, familia Trypanosomatidae,
caracterizado pela presencia de um flagelo, membrana ondulante e mitocéndria
Unica situada no cinetoplasto. Morfologicamente é semelhante a Trypanosoma
rangeli (Tejera, 1920), protozoario considerado ndo patogénico para hospedeiros
vertebrados que sao infectados pela picada do vetor, principalmente por
triatomineos do género Rhodnius (Dujardin et al. 2000). Diferentemente deste
parasita, o T. cruzi € transmitido para os seus hospedeiros, entre eles o homem,
através das dejecOes dos seus vetores triatomineos. Os insetos contraem a
infeccdo ao se alimentar do sangue de mamiferos infectados, normalmente
conservando a infeccdo pelo resto da sua vida. Tanto anfibios e répteis, quanto
aves sdao refratarios a este parasita.

Os flagelados depositados durante a dejecao do vetor penetram na pele do
hospedeiro através do orificio deixado pelo aparelho bucal do inseto, pelas
mucosas ou por qualquer outra ferida. A multiplicacdo do parasito no local de
penetracdo precede a parasitemia sanguinea e a proliferacdo intracelular em
varios tecidos, principalmente os musculos cardiaco e liso, o sistema nervoso
autdbnomo e os fagdcitos mononucleares.

O parasita experimentara varias mudancas morfolégicas durante seu
desenvolvimento, dentre as quais mudancas de tamanho, forma e posicdo do
cinetoplasto em relacdo ao nucleo. Assim, o0 estadio amastigota (ou
micromastigote) é arredondado, sem flagelo aparente ao microscépio 6tico, e é
intracelular. Multiplica-se dentro dos macrofagos e outras células dos tecidos
supracitados. O estadio epimastigota é extracelular encontrando-se no intestino
médio do vetor. Finalmente, o estadio tripomastigota representa uma forma
parasitaria em interno movimento, que quando estd na corrente sanguinea do
vertebrado (tripomastigota sanguineo), pode invadir as células do paciente,
infectar o vetor durante a hematofagia ou deixar o intestino do triatomineo e sair
nos dejetos e invadir o tecido subcutdneo do hospedeiro vertebrado
(tripomastigota metaciclico) até ser capturado pelos macréfagos (Dujardin et al.,
2000; Coura, 2005). Segundo Dujardin et al. (2000), este flagelado se hospeda
na fauna sul, norte e centro-americana do nosso continente, portanto é ilusoério
tentar erradica-lo a partir de um reservatorio animal, mesmo que seja este

doméstico.



Embora a via de transmisséo vetorial seja a mais relevante (dependendo do
pais), existem outras vias que vém recebendo atencdo. Entre elas acha-se a
transmissao por transfusdo de sangue, que tem sido reduzida amplamente
através das iniciativas intergovernamentais, com dados que apontam 100% de
cobertura e 0.61% de soro-positividade em transfusdes feitas no Brasil (Schofield
et al.,, 2006). A transmissdo congénita pode ser outra via de veiculacdo do
parasita e estima-se que exista atualmente 1% de risco de transmissdo entre as
mulheres gravidas brasileiras infectadas (Dias, 2006). A via oral pode ser um
modo de aquisicdo de T. cruzi por mamiferos que ingerem insetos (Arganaraz et
al., 2001; Coura, 2005), ou que tém o habito de limpar-se com a lingua,
lambendo, eventualmente, a pele contaminada pelo excremento de um
triatomineo. Nos humanos, a ingestdo oral do T. cruzi com suco de acai, pataua,
buriti, bacaba, vinho de palmeira, entre outros; pode ocasionar micro-epidemias
graves e importantes com certo impacto social (Nery-Guimaraes et al., 1968;
Shikanai-Yasuda et al., 1991; Valente et al., 2001; lanni & Mady, 2005; Pérez-
Gutiérrez et al.,, 2006). Outras vias de transmissdo, tais como transplante de
orgaos e acidentes de laboratério, séo menos frequientes e correspondem a <1%
de incidéncia total (Schofield, 1994; WHO, 2002).

1.2.Os vetores: Triatominae

Os primeiros relatos sobre os triatomineos surgiram em 1590, em uma viagem de
inspecéo a conventos peruanos e chilenos realizada pelo Frei Reginaldo de Lizarraga
(Lent & Wygodzinsky, 1979). Posteriormente, outros naturalistas e viajantes relataram
0 encontro desses hematofagos na América do Sul, entre eles os feitos por Charles
Darwin (Darwin, 1871). Mas foi depois de se conhecer a importancia epidemioldgica
destes insetos, em 1909, que se ampliaram os interesses em estuda-los.

Os triatomineos pertencem a ordem Hemiptera, familia Reduviidae, subfamilia
Triatominae. Esta se constitui de 138 espécies agrupadas em seis tribos: Rhodniini
Pinto, 1926; Triatomini Jeannel, 1919; Cavernicolini Usinger, 1944; Bolboderini
Usinger, 1944; Alberproseniini Martinez & Carcavallo, 1997 e Linshcosteini
Carcavallo, Jurberg, Lent, Noireau & Galvao, 2000 (Galvao et al., 2003; Costa & Felix,
2007).

A subfamilia Triatominae foi descrita originalmente preconizando o conceito de

hematofagia obrigatoria (Jeannel, 1919; Usinger, 1943). Porém, observactes de
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alimentacdo sobre a hemolinfa de outros insetos (hemolinfagia) tém sido relatadas
esporadicamente (Lent & Wygodzinsky, 1979; Dujardin et al., 2000). Segundo
Schofield et al. (2000a), os triatomineos haveriam evoluido de outros reduvideos
predadores ou fitéfagos, manifestando uma série de mudancas morfoldgicas,
fisiologicas, comportamentais e demograficas que se deveriam principalmente a
utilizacdo do sangue de vertebrados como fonte de alimentacdo, a adaptacdo ao
ambiente do hospedeiro e a dependéncia progressiva dele para se dispersar
passivamente.

Atualmente, a origem dos Triatominae encontra-se em discussao. Inicialmente
Lent & Wygodzinsky (1979) propuseram uma origem monofilética para o grupo,
baseada no habito estritamente hematdfago, presenca da conexdo membranosa
entre 0 segundo e terceiro segmento do rostro e auséncia de glandulas abdominais
dorsais nas ninfas. Posteriormente, Schofield (1988) sugeriu a origem polifilética a
partir de informacdes ecoldgicas e biogeogréaficas. Vérios estudos corroboraram essa
hipétese baseada em diferencas morfoldégicas e moleculares entre as duas tribos
mais importantes, os Rhodniini e os Triatomini (Schofield & Dolling, 1993; Carcavallo
et al., 1998a; Gorla et al., 1997; Garcia et al., 1998; Schofield & Dujardin, 1999;
Bargues et al., 2000; Schofield, 2000b). Porém, segundo Schaefer (2003), essas
diferencas poderiam ndo necessariamente indicar origens distintas e sim uma
diferenciacao entre esses grupos. HypSa et al. (2002), apresentaram um abrangente
estudo filogenético de Rhodniini, Triatomini e Linshcosteini, utilizando dentre outras
andlises sequéncias de DNA mitocondrial (DNAmt), sugerindo novamente a origem
monofilética do grupo. Com as mesmas sequéncias de DNA de espécies de
Rhodniini e Triatomini, mas realizando uma andlise cladistica na que haveria mais
reduvideos predadores como grupos externos que os utilizados por HypSa et al.
(2002), Paula et al. (2005) voltaram a sugerir a origem polifilética dos triatomineos.
Essas controvérsias sugerem que ainda sdo necessarios estudos adicionais para
estabelecer a origem dos Triatominae, ja que dependendo das metodologias,
resultados conflitantes tém sido obtidos.

1.3.0 “complexo T. maculata” e espécies afins

O conceito de “complexo de espécies” para os Triatominae foi estabelecido por
Usinger et al. (1966), e posteriormente desenvolvido por Lent & Wygodzinsky (1979),
Carcavallo et al. (2000) e finalmente por Dujardin et al. (2000). Baseados em
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caracteres morfologicos e qualitativos, Dujardin et al. (2000) reconhecem dois grupos
de triatomineos que abragem dois subgrupos, nove complexos e seis subcomplexos.
Assim, estabeleceram o grupo Protracta, constituido pelos complexos lecticularia e
protracta, os quais contem somente 13 das 138 espécies descritas de Triatominae. Ja
0 grupo Rubrofasciata, inclui a maioria das espécies destes insetos, incluidas nos
subgrupos Infestans e Rubrofasciata. O primeiro subgrupo (Infestans) € formado por
trés complexos: circummaculata, dispar e infestans. Por sua vez, este Ultimo
complexo € constituido por seis subcomplexos agrupando a maioria das espécies,
entre elas Triatoma maculata (Erichson, 1848) e Triatoma pseudomaculata Corréa &
Espinola, 1964, as quais foram agrupadas no subcomplexo maculata. O segundo
subgrupo (Rubrofasciata) inclui os complexos flavida, phyllosoma, rubrofasciata e
spinolai. Carcavallo et al. (2000) propuseram paralelamente uma denominagéo
diferente, incluindo T. maculata e T. pseudomaculata no “"complexo Triatoma
maculata”, sem considerar categorias hierarquicas superiores de grupo.

Devido as suas semelhancas T. pseudomaculata foi confundida por muitos anos
com T. maculata, uma espécie encontrada no Brasil (Estado de Roraima), Venezuela,
Colémbia, Suriname, Guiana, Guiana Francesa e algumas ilhas do Caribe
(Carcavallo et al., 1998b). Entretanto, T. pseudomaculata foi formalmente descrita a
partir de espécimes coletados na localidade de Sobral, Ceara, e com distribuicdo
geogréfica posteriormente reconhecida como sendo restrita ao nordeste brasileiro
(Lent & Wygodzinsky, 1979).

Segundo a hipdtese atual, T. maculata e T. pseudomaculata poderiam ser o
resultado da evolucdo de duas populacdes geograficas derivadas de um
antepassado comum (Schofield, 1988). Nos ultimos anos, este grupo e a hipétese da
sua origem vém sendo questionados por estudos genéticos, morfolégicos e de
hibridizacdes (HypSa et al., 2002; Beliséario et al., 2007; Santos et al., 2007). Outros
dois triatomineos silvestres brasileiros, Triatoma arthurneivai Lent & Martins, 1940 e
Triatoma wygodzinskyi Lent, 1951, exibem semelhancas morfolégicas com T.
pseudomaculata (Lent & Wygodzinsky, 1979; Carcavallo et al., 1998c) e com T.
maculata (Fig. 1.1). Ambas também foram incluidas inicialmente no grupo infestans
por Lent & Wygodzinsky (1979), mas Carcavallo et al. (2000) consideraram que ndo
existe informacdo suficiente para situa-las em um grupo ja reconhecido. Portanto,

suas relagbes com outros triatomineos necessitam ser investigadas.



Fig. 1.1: Fotografia apresentando as espécies estudadas: a) Triatoma maculata (Erichson, 1848); b) T. pseudomaculata Corréa
& Espinola, 1964; c) T. wygodzinskyi Lent, 1951; d) T. arthurneivai Lent & Wygodzinsky, 1940. Escala= 10 mm. Fotos A. Pérez
Gonzalez



1.3.1. Caracteres morfologicos de diferenciacéo taxonémica

Galvao (1973) descreve diferengas de caracteres cromaticos entre T. maculata e
T. pseudomaculata. A primeira espécie apresenta o colorido geral com areas claras
mais extensas e em maior quantidade em relacdo a T. pseudomaculata, a qual ndo
apresenta manchas na face dorsal da cabeca, o que € observado em T. maculata.
O pronoto de T. pseudomaculata possui 3+3 areas claras maiores e 1+1 areas
claras menores; em T. maculata sdo observadas 4+4 areas claras maiores e 2+2
areas claras menores. T. maculata apresenta o processo do escutelo mais longo
que a base desta estrutura sendo do mesmo tamanho da base em T.
pseudomaculata. Quanto as medidas do corpo, T. maculata as apresenta maiores
com excecdo da regido pés-ocular e do pescoco, que sao iguais as atribuidas a T.
pseudomaculata. A estrutura da genitalia externa masculina de T. maculata possui o
processo do endosoma melanico, enquanto T. pseudomaculata apresenta-o claro
(Galvéao, 1973). T. wygodzinskyi € uma espécie muito semelhante a T. maculata e a
T. arthurneivai (Lent & Wygodzinsky, 1979). Segundo Lent (1951), T. maculata é
muito proxima de T. wygodzinskyi. Diferenciam-se porque T. wygodzinskyi tem os
tubérculos discais e laterais do pronoto ausentes; o apice do escutelo menor e
existem diferencas cromaticas, principalmente no pronoto; além de seus olhos
serem menos largos (Lent, 1951).

Segundo Lent & Wygodzinsky (1979), T. arthurneivai e T. wygodzinskyi séo
espécies que nao sdo facilmente distinguiveis por estruturas externas, mas podem
ser diferenciadas pela analise do processo do endosoma (Fig. 1.2). Segundo estes
autores, T. wygodzinskyi possui 0 pronoto escuro, com 1+1 manchas avermelhadas
nitidas nos angulos humerais e, em alguns espécimes, ha uma larga mancha
avermelhada entre as carenas, perto do bordo posterior; cério dos hemelitros com
manchas avermelhadas grandes e confluentes; processos do endosoma
fracamente esclerosados, com ndo mais da metade do comprimento do falosoma e
somente com cerca de 20 denticulos apicais. Ja T. arthurneivai apresenta o pronoto
de colorido escuro uniforme; corio dos hemelitros quase totalmente escuro, com a
metade apical do clavo e parte da célula corial adjacente a ela enfumacgadas como a
membrana; processos do endosoma do macho fortemente esclerosado,
correspondendo a mais da metade do falosoma (de comprimento) e com cerca de

100 denticulos no &pice.



Triatoma
arthurneivai

Triatoma
wyQgodzinskyi

Fig. 1.2: Genitalia masculina de Triatoma arthurneivai (a, b) e T. wygodzinskyi (c, d).
Falo: b,c; Processo do endosoma (PrEn): a,d; Falosoma (Fa): e,f. Segundo Lent &
Jurberg, 1980 (modificado). Escala: a,d= 0,3 mm; e,f= 0,5 mm.
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1.3.2. Biologia e ecologia

Na regido nordeste do Brasil, T. pseudomaculata é um vetor potencial que se
encontra atualmente em rapido processo sinantrépico (Dias et al., 2000, Diotaiuti
et al., 2000). Esta distribuida exclusivamente no Brasil, nos estados de Alagoas,
Bahia, Ceara, Goias, Maranhdo, Mato Grosso do Sul, Minas Gerais, Paraiba,
Pernambuco, Piaui, Rio Grande do Norte, Tocantins e Sergipe e no Distrito
Federal (Carcavallo et al., 1998b; Goncalves et al., 2006). Representa o terceiro
triatomineo mais capturado pelos servicos de controle da doenca de Chagas,
apenas ultrapassado por Triatoma sordida (Stal, 1859) e Triatoma brasiliensis
Neiva, 1911 (Dias, 2002). T. pseudomaculata invade as construgdes e outros
ambientes peridomésticos, mas nao dispde de uma significante habilidade para
colonizar o intradomicilio. Porém, algumas colénias tém sido reportadas em
areas urbanas de Sobral, Ceara (Souza et al., 1999), e Berilo, Minas Gerias
(Machado de Assis et al., 2006). No peridomicilio, T. pseudomaculata é
frequentemente encontrada em galinheiros, currais e estabulos, pilhas de telhas,
tijolos, poleiros, palha e madeiras (Carcavallo et al., 1998d; Costa et al., 1998;
Oliveira-Lima et al., 2000; Sarquis et al., 2006) (Fig. 1.3).

Relatos sobre o hébitat silvestre e a ecologia desta espécie sdo escassos.
Barretto (1967) descreveu sua ocorréncia em fendas de arvores e cavidades de
rochas, alimentando-se de roedores e marsupiais. Posteriormente, Diotaiuti et al.
(1993) registraram outro encontro de T. pseudomaculata num oco de arvore no
ambiente silvestre. Dias-Lima et al. (2003) reportaram a coleta de exemplares
em cascas, ocos de arvores e ninhos de aves (Fig. 1.4). Atualmente, as fontes
de alimentacdo conhecidas s&o vertebrados, principalmente galinhas, cabras,
caes, coelhos, vacas, cavalos e humanos (Lent & Wygodzinsky, 1979;
Carcavallo et al., 1998d).

T. maculata possui uma distribuicdo geogréafica ampla, ocorrendo, além do
estado brasileiro de Roraima, nas Antilhas Holandesas, Colémbia, Guianas,
Suriname e Venezuela (Lent & Wygodzinky 1979; Carcavallo et al., 1998b).
Encontra-se no ambiente silvestre, em palmeiras do género Attalea, associada a
gambas (Didelphis marsupiais Linnaeus, 1758), tamanduéds (Tamandua
tetradactyla Linnaeus, 1758), aves e morcegos (Carcavallo et al.,, 1998b). No

Brasil, € comumente encontrada em galinheiros e ocasionalmente em casas,
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podendo estar infectada com T. cruzi (Lent & Wygodzinsky, 1979; Luitgards-
Moura et al., 2005; 2006). Na Venezuela é considerada o segundo principal vetor
da doenca de Chagas (Feliciangeli et al., 2003; Sanchez-Martin et al., 2006).

T. arthurneivai foi descrita originalmente com base em exemplares
provenientes da Serra do Cip6, Minas Gerais (Lent & Martins, 1940).
Previamente, acreditava-se que essa espécie também se distribuia nos estados
de Séo Paulo, Bahia e Piaui (Lent & Wygodzinsky 1979; Carcavallo et al.,
1998b). Os principais dados sobre sua biologia e ecologia provém do estado de
Séo Paulo, sendo capturado nas anfractuosidades de rochas no ambiente
silvestre e em muros de pedras soltas no peridomicilio (Martins, 1941; Pellegrino,
1948, 1950, 1951; Corréa et al., 1962, 1965; Pinto Alves & Noda, 1964, Barretto,
1966; Forattini et al.,1968; Juarez et al., 1970; Forattini et al.,1972; Barretto et al.,
1975; Lent & Wygodzinsky, 1979; Barretto & Ribeiro 1981) (Fig. 1.5). Carcavallo
et al. (1998d) assinalam com duavida a possibilidade desse inseto se alimentar
em roedores e lagartos. Exemplares capturados por Barretto & Ribeiro (1981)
encontraram-se naturalmente infectados com T. cruzi.

De T. wygodzinskyi conheciam-se unicamente dados sobre caracteres
morfolégicos externos (Lent, 1951; Lent & Wygodzinsky, 1979) e da genitalia
(Lent & Jurberg, 1980), obtidos a partir de apenas cinco espécimes capturados
na localidade-tipo Santa Rita de Caldas, sul do estado de Minas Gerais
(Carcavallo et al., 1998b) (Fig. 1.6).
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Fig. 1.3: Ambiente peridoméstico de Triatoma pseudomaculata no estado da Bahia.
A, b) currais; c) telhas; d) tijolos. Barra da escala= 10 mm. Fotos a-d por A. Walter.
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Fig. 1.4: Ambiente silvestre de Triafoma pseudomaculata no estado da Bahia.
a) buraco em arvore, b) ninho de Furnariidae, c) troncos caidos e cascas de arvores.
Barra da escala= 10 mm. Fotos a-c por C.M. Lopes.




Fig.1.5: Ambiente silvestre e peridomestico de Triatoma arthurneivai. a) Localidade
tipo: Fazenda Alto Palacio, Municipio de Feira de Santana, Serra do Cip6, Minas
Gerais; b) muro de pedras; ¢, d) Paisagem do “campo rupestre” caracteristico da
Serra do Cip6. Barra da escala= 10 mm. Fotos a, b, d) por A. Pérez Gonzalez; c)
por C.M. Lopes.




Fig. 1.6: Ambiente silvestre de Triatoma wygodzinskyi a-c) fendas rochosas,
Sertaonzinho, Santa Rita de Caldas, Minas Gerais. Barra da escala= 10 mm.
Fotos a-c por F. Noireau.




2. PROBLEMATICA

Embora a campanha de eliminagéao do principal vetor da doenca de Chagas,
T. infestans, tenha sido um sucesso no Brasil (Schofield et al., 2006; PAHO,
2006), existem espécies autoctones de triatomineos consideradas vetores
secundarios que apresentam registros historicos de colonizacdo de ambientes
antrépicos (Dias et al., 2000; Dias, 2006). Particularmente duas situacfes tém
causado alerta ao respeito destas espécies. A primeira € que espécies nativas
possuem populacdes bem estabelecidas em ecotopos silvestres, o que faz com
gue a re-infestacdo de domicilios tratados seja possivel (Silveira, 2000; Pereira
et al., 2006). A segunda é que a eliminacdo de T. infestans, espécie com
potencial biolégico muito competitivo, e a liberagdo concomitante de nichos
ecologicos, poderiam facilitar o processo de colonizacdo domiciliar desses
vetores secundarios em algumas localidades do Brasil. Situacdes dessa
natureza sao mais complexas e seu controle requer vigilancia continuada das
préprias comunidades e re-tratamento de qualquer novo foco domeéstico que
venha a ser detectado (Dias, 2000; Dias et al. 2002; Schofield et al., 2006). T.
pseudomaculata € um desses vetores secundarios, constituindo a segunda
espécie mais capturada no peridomicilio na regido da caatinga, ficando atras
somente de T. brasiliensis (Silveira & Vinhaes, 1998). Diferentemente da ultima,
no entanto, T. pseudomaculata tem recebido menor atencdo por parte da
comunidade cientifica. Essa espécie tem sido alvo de controvérsias com respeito
a sua taxonomia e relacionamento filogenético com espécies afins.

Tendo em vista que a correta identificacdo taxon6mica dos vetores € o
primeiro passo para que estudos entomolégicos sejam realizados de maneira a
contribuir com a elaboracédo de estratégias de controle mais eficientes (Miles et
al., 2003; Abad-Franch & Monteiro 2005), a primeira parte desta tese visa a
caracterizacdo filogenética e morfolégica com o intuito de validar o status
taxondmico de T. pseudomaculata e espécies afins, e a determinar seu grau de
inter-relacionamento, testando a validade sistematica do “complexo T. maculata”.
Por outro lado, devido a que 0s conhecimentos atuais sobre a ecologia e biologia
dos triatomineos nos seus habitats naturais sdo fragmentéarios (principalmente
porque a captura de espécimes € laboriosa e longa), procurou-se realizar um

estudo em diferentes escalas. A um nivel macro-ecolégico foi realizado um
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estudo de modelos preditivos de distribuicdo geografica a partir de variaveis
ambientais, para T. pseudomaculata e T. wygodzinskyi. A uma escala
intermédia, foi analisada a capacidade de se dispersar através do voo de T.
pseudomaculata e T. brasiliensis, duas espécies que se encontram em simpatria
no nordeste brasileiro. Por sua vez, para ambas as espécies também foi avaliada
a plasticidade comportamental. Finalmente a uma escala menor, foi realizado um
estudo comparativo de aspectos bioldégicos em T. pseudomaculata e T.
wygodzinskyi como biondémia, estado alimentar e das fontes alimentares, todas
elas, caracteristicas reconhecidas por terem um papel importante na disperséo e

na instalacao dos triatomineos em construcdes artificiais.
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3. OBJETIVOS

3.1.0Dbjetivo geral

Entender o papel desempenhado pela a) plasticidade morfolégica, b)
divergéncias ecologicas e c) genéticas, no processo de especiacdo e
antropizacdo de um grupo de triatomineos brasileiros composto por T.

pseudomaculata, T. arthurneivai e T. wygodzinskyi.

3.2.0bjetivos especificos

1- Avaliar a posicdo taxondmica dessas espécies, analisando diferentes
populacdes coletadas ao longo de um cline norte-sul passando nos estados de
Ceara, Paraiba, Bahia, Tocantins, Minas Gerais e Sado Paulo, com base na
morfologia (fenétipo antenal e morfometria geométrica) e seqiénciamento de
DNA mitocondrial.

2- Estabelecer uma hipdtese de relacédo filogenética entre essas espécies
através da analise de sequéncias do gene mitocondrial citocromo oxidase I.

3- Testar, de pontos de vista morfolégico e filogenético, a validade do
conceito atual do “complexo T. maculata”.

4- Adquirir novos conhecimentos sobre a morfologia, biologia e ecologia das
diferentes espécies a partir de um estudo comparativo.

5- Formular modelos preditivos de distribuicdo geografica para T.
pseudomaculata e T. wygodzinskyi através da utilizacdo de variaveis ambientais

e sensoriamento remoto (GIS/RS).
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4. MATERIAL E METODOS

4.1. Areas de estudo
O trabalho de campo foi desenvolvido nas regides Nordeste, Centro-Oeste e

Sudeste do Brasil, onde existia registro prévio de ocorréncia das espécies de interesse.
Em relacdo a T. pseudomaculata, T. arthurneivai e T. wygodzinskyi, realizou-se um
transecto em sentido norte-sul compreendendo os estados do Ceara, Paraiba, Bahia,
Tocantins, Minas Gerais e Sao Paulo. Entretanto, os espécimes de T. maculata
pertenceram a primeira geracdo de laboratério estabelecida a partir de exemplares de

uma colb6nia silvestre originaria de Mucajai, estado de Roraima (Fig. 4.1).

4.2.Captura de triatomineos
4.2.1. Populagdes sinantrépicas
A coleta dos triatomineos nas estruturas artificiais foi realizada com a
colaboracao dos Agentes de saude da Fundacédo Nacional de Saude (FUNASA). Foram
realizados inquéritos entomoldgicos nas habitacdes humanas e nas estruturas
peridomésticas através de busca ativa. Registrou-se a flora e fauna associada aos
ecotopos positivos e os locais de captura foram geo-referenciados com um GPS
Garmin™ Legend.

4.2.2. Populaces silvestres

As capturas foram efetuadas em areas naturais pelos trés seguintes métodos:
a) Pesquisa direta em ecétopos potenciais tais como troncos secos, 0ocos de arvores,
ninhos de aves ou roedores localizados nas arvores e frestas nas rochas (Fig. 4.2 a-c, f).
Uma vez retirados 0s troncos secos ou hinhos com ajuda de machado, os mesmos
foram colocados sobre um tecido branco para a melhor visualizag&o dos triatomineos.
b) Captura com armadilha com isca animal

O modelo padrado de armadilha descrito por Noireau et al. (1999) é constituido
por um frasco plastico com 10 cm de altura por 5 cm de largura. No interior € colocado
um camundongo como isca. A boca do frasco é fechada com uma malha metélica de 2
mm. Em volta do frasco, é colocada fita adesiva dupla face de 5 cm de largura com uma
das extremidades voltada para cima da tela (Fig. 4.2d). As armadilhas foram colocadas
ao entardecer, em ecétopos potenciais tais como ocos de arvores e tocas de animais, e

retiradas na manha seguinte.
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Fig. 4.1: Triatomineos utilizados durante a presente tese: Triatoma pseudomaculata
(circulos azuis), T. arthurneivai (circulo vermelho), T. wygodzinskyi (circulos verdes) e
T. maculata (Qquadrado vermelho). Localidades de coleta: 1 (Sobral, CE); 2 (Bom Jesus,
PB); 3 (Curaga, BA), 4 (Senhor do Bom Fim, BA), 5 (ltaberaba, BA), 6 (Peixe, TO), 7
(Itaobim, MG), 8 (Serra do Cip6, MG), 9 (Pido, MG), 10 (Sertdonzinho, Santa Rita de
Caldas, MG), 11 (Vargem Grande do Sul, SP), 12 (ltuparanga, SP) e 13 (Mucajai, RR).
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c¢) Captura com armadilha luminosa

A armadilha luminosa é alimentada por gerador portétil e constituida de uma
fonte de luz branca de 150 W refletida em um tecido branco. Foi ligada entre 17 e 22 h
por um periodo de 3-4 dias consecutivos nos locais de interesse (Fig. 4.2e).
Os dois primeiros métodos permitiram apreciar a variedade dos ecotopos silvestres, a
frequéncias dos vetores e sua estrutura populacional. Os métodos de captura com
pesquisa direta e com armadilha permitiram obter informacéo sobre o estado nutricional
das populacdes silvestres. Com efeito, 0 método de captura por armadilha com isca
animal demonstra maior eficiéncia na captura de barbeiros em jejum. A armadiha
luminosa avaliou a capacidade das espécies de se dispersarem ativamente através do

voo.

4.3. Processamento geral

Os triatomineos provenientes de cada coleta foram guardados no Nucleo de
Ultraestrutura e Morfologia de Vetores, do Laboratério de Leshmaniose do Instituto
Oswaldo Cruz. Uma identificacéo preliminar foi realizada usando os critérios taxondmicos
preconizados por Lent & Wygodzinsky (1979). Depois, as diferentes populagbes foram
caracterizadas através de métodos morfoldgicos (fendtipo antenal e morfometria
geomeétrica) e moleculares (DNAmMt). A metodologia aplicada em cada técnica,
dependendo do motivo da analise, encontra-se detalhada em cada artigo, a exce¢éo das
metodologias referidas a estado nutricional, fontes alimentares e DNAmMt que se

encontram junto aos seus respectivos resultados para facilitar a leitura.
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Fig. 4.2: Métodos de captura das populacdes silvestres de Triatoma pseudomaculata
(a-d) e T. wygodzinskyi (d-f). Busca ativa (a-c, f); busca com armadilha Noireau (d);
busca com armadilha luminosa (e). Pontos indicam os métodos usados para captura
T. pseudomaculata (amarelos) e para coletas de T. wygodzinskyi (laranjas).

Fotos por C.M. Lopes (a-d, f) e por F. Noireau (e). T. pseudomaculata e

T. wygodzinskyi fotografiadas por A. Pérez Gonzalez.




4.4. Escolha das técnicas de caracterizacao

As ferramentas utilizadas em cada tipo de andlise encontram-se detalhadas na Tabela 1.

Mais abaixo fazemos uma introdugéo rapida para quatro delas:

- Sequiénciamento de DNA mitocondrial (DNAmt): E considerado o meio mais direto para medir a
diversidade genética, determinando sequiéncias de bases no DNA. O seqliénciamento de genes,
particularmente mitocondriais, € uma excelente técnica para resolver problemas taxondmicos
(Frankham et al., 2002). As mitocondrias contém moléculas de DNA circular que séo herdadas
maternalmente na maioria das espécies (Chesser, 1998). As regides de interesse de um gene
sdo amplificadas por PCR (reacdo em cadeia da polimerase) e 0s seus produtos sdo
posteriormente seqlienciados.

Recentes estudos realizados em Triatominae tém demonstrado que o segiénciamento
de DNAmt é uma ferramenta poderosa para avaliar estudos de populacdes e inferir relacbes entre
espécies relacionadas e morfologicamente semelhantes (Garcia et al., 2003; Monteiro et al.,
2003, 2004; Martinez et al., 2006). Analises de sequliéncias de genes de DNAmt também tém sido
utilizadas para inferir relacdes filogenéticas entre os mais amplos grupos de triatomineos (Lyman
et al., 1999; Garcia et al., 2001; HypSa et al., 2002; Abad-Franch et al., 2003; Sainz et al., 2004,
Paula et al., 2005, 2006; Pfeiler et al., 2006) e para o estudo de variabilidade genética intra-

populacional (Giordano et al., 2005).

- Fendtipo antenal: O processo de adaptacéo dos triatomineos & habitacdo humana resulta de
particular interesse para os 0rgdos de salde publica, os quais estdo dando atencéo especial a
evolucdo de espécies silvestres ou peridomésticas que vao a caminho da domiciliagdo (SVS,
2005). Schofield (1988) postulou que a adaptacdo dos triatomineos a habitats estaveis incluiria
uma serie de simplificacbes morfolégicas e comportamentais que poderiam oferecer pautas sobre
a probabilidade que cada espécie tem de colonizar o domicilio. Essa teoria tem sido apoiada por
varios estudos (Catala, 1996; 1997a,b; Gracco & Catala, 1997), demonstrando que espécies
adaptadas a uma gama estreita de habitats, como T. infestans domiciliado, possuem um ndmero
menor de quimioreceptores antenais que espécies adaptadas a viver em diversos habitats, como
T. sordida.

Como em outras espécies, o comportamento dos triatomineos requer mecanismos
precisos que assegurem uma elevada probabilidade de sucesso, jA que de isso dependera a
sobrevivéncia da espécie. A visdo e o0s sentidos quimicos estdo envolvidos na orientacdo do
inseto para o encontro de hospedeiros que se situam a grandes distancias. No caso de distancias

curtas, além dos sentidos mencionados, a temperatura possui um papel fundamental. Neste
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aspecto, as sensilla sdo componentes chaves do sistema nervoso para receptar estimulos
envolvidos nas atividades de cada espécie e, por isso, suspeita-se que possam refletir pressdes
seletivas e evidenciar caminhos evolutivos. As sensilla sdo estruturas cuticulares que se
encontram associadas a neurdnios bipolares na hipodermis e que estéo presentes principalmente
nas antenas e rostro, mas também em distintas partes do corpo. Tém sob sua responsabilidade a
recepcdo da maior parte da entrada sensorial ndo visual dos triatomineos (Catala, 1996). O
padréo de sensilla antenal é constituido pelo nimero de sensilla de tipos diferentes e a sua
distribuicdo sobre as antenas.

A utilizacdo destas caracteristicas marcantes do fenétipo antenal tem sido proposta
como uma ferramenta Util e de baixo custo na resolucdo de problemas taxondmicos (Catala,
1996; Catala & Torres, 2001). Tem-se também demonstrado que € um excelente indicador de
habitats em varias espécies de Triatominae (Catala & Dujardin, 2001; Carbajal de la Fuente &
Catala, 2002). Por outro lado, tem sido Util como marcador de dimorfismo sexual (Catala &
Dujardin, 2001; Carbajal de la Fuente & Catala, 2002; Catala et al., 2005; Moreno et al., 2005), e
para estabelecer mudancgas fenotipicas em popula¢gdes mantidas em laboratorio (Catala et al.
2004).

- Morfometria geométrica: E uma ferramenta matematica baseada em fundamentos bioldgicos
gue estuda a co-variagdo de tamanho e conformacdo de objetos bioldgicos com seus fatores
causais, mediante exclusdo das diferengas devidas a (i) escala (todas as configura¢des originais
sdo levadas a um tamanho uniforme); (ii) superposicao dos centréides e (jii) rotacdo (método de
Procrustes), sendo posteriormente analisados através de estatistica multivariada (Klingenberg,
2002). Tem demonstrado ser muito efetiva para descompor a variagao resultante da fisiologia dos
individuos (variacéo de tamanho) daquela mais estavel e produto, provavelmente, do componente
genético (variacao da forma). Nao utiliza longitudes para medir diferencas (ou semelhangas), mas
sim coordenadas representadas em um espaco cartesiano que permitem visualizar diferencas de
conformacao entre grupos ou individuos (Jaramillo, 2004).

Esta técnica proporciona um eficiente método alternativo de baixo custo para resolver
problemas taxonémicos em Triatominae (Matias et al., 2001; Villegas et al., 2002), que além de
distinguir espécimes criados em laboratério dos coletados no campo (Jaramillo et al.,, 2002),
possibilita também avaliar variacdo cromatica (Gumiel et al., 2003), estudar estruturagdo espacial
(Schachter-Broide et al., 2005), caracterizar a dindmica das interagcfes entre populacbes
silvestres, peridomésticas e domésticas (Borges et al., 2005) e finalmente conhecer estratégias de

controle entomoldgico (Dujardin et al., 2007).
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- Sensoriamento remoto - GIS: Foi Pavlovsky, na década dos 30, quem comecgou a se interessar
no desenvolvimento da epidemiologia espacial preconizando trés observag6es basicas. Primeiro,
as doencas podem ser limitadas geograficamente; segundo, esta variagdo espacial surge da
variacdo subjacente nas condicdes fisicas e/ou bioldgicas que apdiam o patdégeno e seus vetores
e reservatorios; terceiro, se essas condigbes bidticas e abidticas podem ser delimitadas em
mapas, entdo ambos os riscos contemporaneos e futuros podem ser previsiveis (Ostfeld et al.,
2005).

As variaveis ambientais tém influéncia direta sobre a distribuicdo de uma espécie, muitas
delas podendo ser estimadas a partir de dados obtidos por sensores remotos situados a bordo de
satélites espaciais. A identificacdo de areas similares baseia-se na informacéo espectral que
alguns sensores sé@o capazes de registrar. Os elementos do terreno refletem longitudes de onda
no espectro eletromagnético que sao diferentes. Essas diferencas podem ser classificadas e
identificadas segundo areas com comportamento espectral similar. Atualmente, encontram-se
disponiveis para o planeta Terra, series temporais que permitem realizar analises utilizando o
método de Fourier que, por sua vez, permite extrair informacéo sobre a dindmica temporal em
ciclos menores ou maiores a um ano para as variaveis de interesse.

Sendo uma metodologia moderna e recente, sé&o poucos 0s estudos aplicados neste
campo para analisar problemas de distribuicdo geogréafica de triatomineos. Porém, estudos para
T. infestans (Gorla, 2002a) e T. brasiliensis (Gorla, 2002b) demonstram que esta é uma excelente
e poderosa ferramenta para estudar potenciais distribuicbes geograficas. Peterson et al. (2002)
estudaram os limites de distribuicdo geogréfica das espécies que integram o complexo T.
protracta (Uhler, 1894) através da modelagem do nicho ecoldgico. Dumonteil & Gourbiere (2004)
realizaram modelos preditivos de distribuicdo para Triatoma dimidiata (Latreille, 1811) e
elaboraram mapas de risco da doenca de Chagas na peninsula de Yucatan. Existem também
andlises espaco-temporais de reinfestacdo de T. infestans logo a seguir da aplicacdo de
inseticidas, que utilizam uma metodologia similar (Cecere et al., 2004). Finalmente, Guhl et al.

(2007) utilizaram esta ferramenta para estudar a distribuicéo dos triatomineos colombianos.
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Tabela 4.1: Procedéncia de exemplares de triatomineos examinados, segundo habitat e técnica empregada para sua andlise.

Espécie Localidade Estado Latitude/ Longitude ~ Habitat*  Técnica empregada**
Sobral Ceara -4,04/ -39,99 P A, M, mt, GIS
Bom Jesus Paraiba -6,96/ -38,18 P M, mt, GIS
Curaca Bahia -9,11/-39,85 P,S A M, mt", GIS, FA
T. pseudomaculata Senhor do Bom Fim Bahia -10,39/ -40,26 P GIS
Itaberaba Bahia -12,75/ -40,23 P A, M, mt, GIS
Itaobim Minas Gerais  -16,58/-41,40 P A, M, mt, GIS
Peixe Tocantis -12,56/ -48,31 P GIS
Santa Rita de Caldas Minas Gerais  -22,02/ -46,37 S A, M, mt, GIS, FA
Pido Minas Gerais  -22,12/-46,36 S FA, GIS
Vargem Grande do Sul Sé&o Paulo -21,79/ -46,84 S A, M, mt, GIS, FA
T. wygodzinskyi Espirito Santo do Pinhal ~ S&o Paulo -22,06/ -46,40 S FA
Sorocaba Séo Paulo -23,75/ -47,75 S GIS
ltuparanga Séo Paulo -23,75/ -47,75 S M
T. arthurneivai Serra do Cipo Minas Gerais  -19,27/-43,54 P M
T. maculata Mucajai Roraima -2,25/-61,01 P A, M, mt,

*P=peridomicilio, S=silvestre; ** A= fenttipo antenal, M= morfometria geométrica, mt= DNAmt, GIS= sensoriamento remoto, FA= fonte alimentar; " Triatomineos do

peridomicilio.
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5. RESULTADOS

Os resultados desta tese sdo apresentados na forma de “manuscritos”, um
deles publicado (Manuscrito N° 5) e os restantes submetidos em periddicos
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Abstract

Triatoma arthurneivai Lent & Martins, 1940 and Triatoma wygodzinskyi Lent, 1951
(Hemiptera: Reduviidae: Triatominae) are two Brazilian species found in the sylvatic
environment. Several authors could have commited misidentification of T.
arthurneivai, and consequently, originated publications with missed information. In
this work, we attempt to use geometric morphometrics of wings to differentiate T.
arthurneivai and T. wygodzinskyi, in order to detect possible misidentifications
occurred in the past. We used collected triatomines from Minas Gerais and Sao
Paulo States, and from laboratory collections. Our results show a clear differentiation
between T. arthurneivai and T. wygodzinskyi. On the other hand, they reveal that the
T. arthurneivai populations from Sdo Paulo State were misidentifications and pertain
to T. wygodzinskyi. We postulate that T. arthurneivai would be an endemic species

from Serra do Cipd, Minas Gerais State, an area of endemism.

Key words Triatoma arthurneivai, Triatoma wygodzinskyi, geometric morphometrics,

sylvatic triatomines, Brazil.

Introduction

During the last decades, the Minas Gerais State (MG) was pioneer in research
on Triatominae and numerous collection campaigns were carried out for
epidemiological studies. During those, two rupicolous wild species, Triatoma
arthurneivai Lent & Martins, 1940 and Triatoma wygodzinskyi Lent, 1951, were
described but they received scarce attention due to their little epidemiological
importance.

Triatoma arthurneivai was described from one female collected in Serra do
Cip6, MG (Lent & Martins, 1940). Ten years later, Pellegrino (1950) recorded this
species from Santa Rita de Caldas, in the south of MG. The five specimens collected
by Pellegrino were sent to the entomologist Herman Lent, in order to confirm the
identification. Lent (1951) noticed that the Pellegrino’s specimens belonged to a new
species and described them under the name of T. wygodzinskyi. The Lent's paper
was subsequently overlooked by several authors (Corréa et al., 1962; Pinto Alves &
Noda, 1964; Corréa et al., 1965; Forattini et al., 1968, 1972; Juarez et al., 1970;
Barretto & Ribeiro, 1981; Rosa et al., 2005) who identified the triatomines collected

from different localities of Southern MG and Sao Paulo State as T. arthurneivai.
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The taxonomy followed then the traditional concepts established by Lent &
Wygodzinsky (1979) and mainly based on morphological characters. Both species
are very similar in their external features, sharing many morphological and chromatic
traits (Fig.1) making highly probable misidentifications as result of superficial
analyses. The examination of male genitalia characters was considered as the most
reliable method to make a right identification (Lent & Wygodzinsky, 1979; Lent &
Jurberg, 1980) (Fig. 2). Currently, other techniques can be used to solve taxonomic
problems in Triatominae. Among them, the geometric morphometrics, which was
successfully applied by Matias et al. (2001), Villegas et al. (2002), and Gumiel et al.
(2003). This technique was also applied to distinguish conespecific populations and
assess their spatial structuring (Jaramillo et al., 2002; Schachter-Broide et al., 2005;
Borges et al., 2005). Finally, geometric morphometrics can be used for entomological
surveillance (Dujardin et al., 2007). Recently, Santos et al. (2007) alerted on a
possible taxonomic problem involving T. arthurneivai and T. wygodzinskyi. The
classic morphometrics of head and thorax was applied to T. arthurneivai specimens
from Serra do Cipd, MG, and Espirito Santo do Pinhal, Sdo Paulo State, and to T.
wygodzinskyi specimens from Santa Rita de Caldas, MG (n=3). Finally, they showed
that T. arthurneivai from Serra do Cip6 formed an isolated group. Their results also
supported the hypothesis that T. arthurneivai from Espirito Santo do Pinhal and T.
wygodzinskyi belonged to the same species.

In this work, we attempted to use the geometric morphometrics of wings to
differentiate T. arthurneivai and T. wygodzinskyi and put forward possible
misidentifications occurred in the past. In comparison with the work of Santos et al.
(2007), we have analyzed a larger number of specimens of four populations two

being considered as T. arthurneivai and two as T. wygodzinskyi.

Material and methods

Insects - T. arthurneivai from two localities were included in the study: i) type
specimens from Serra do Cipd, Minas Gerais (TarSC) deposited in Entomological
Collection of Oswaldo Cruz Institute, FIOCRUZ; ii) specimens from ltuparanga, Séo
Paulo State (TarlT), characterized as T. arthurneivai by O. Forattini and deposited in
the Entomological Collection of the “Laboratorio de Taxonomia da Faculdade de
Saude Publica”, Sdo Paulo University. As T. wygodzinskyi, we used topotype
specimens collected by the authors in Santa Rita de Caldas, Minas Gerais (TwySR),

and specimens collected in Vargem Grande do Sul, Sdo Paulo State (TwyVG).
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Wings of selected specimens were photographed. Left and right wings were not
averaged by individual but used separately as individual units. Data on populations

and number of wings studied are summarized in Table 1.

Metric Data - Wings of field specimens were extirpated with forceps and mounted
between microscope slides and cover-slips using alcohol 70%. Black and white
pictures were taken of each pair of wings at 10x magnification using digital camera
(SONY® Cyber-shot DSC-V3) coupled manually on the ocular of a stereo-
microscope Leica® MZ 12. Wings from specimens conserved in collection were not
extirpated. They were photographed at the same magnification, watching to obtain in
the specimens the higher horizontal position as possible. We identified a total of 10
“type I” landmarks (venation intersections), according to Bookstein (1991) (Fig. 3).
The geometric coordinates of each landmark were digitized using tpsDig2 version
2.09 (Rohlf, 1999a).

Size Variation - For comparison of overall wing size between populations and
species, we used the isometric estimator know as “centroid size” derived from
coordinates data. Centroid size is defined as the square root of the sum of the
squared distances between the center of the configuration of landmarks and each
individual landmark (Bookstein, 1991). The centroid size was extracted from each

matrix using the program tpsRegr version 1.18 (Rohlf, 1999b).

Shape Variation - Shape variables (partial warps plus uniform components) were
obtained using the Generalized Procrustes Analysis superimposition algorithm (Rohlf,
1996) performed with MOGwin version 0.77 (Dujardin, 2003). The method is based
in the superimposition of each individual using least-square criterion, eliminating
effects of scale, orientation and position of the objects. The shape variables define

the positional changes at each landmark in relation to a consensus shape.

Statistical Analysis - Kruskal-Wallis tests corrected by the Bonferroni method were
used to analyze the isometric size at intra- and inter-specific level. The shape
proximity between the populations and species was analyzed using the Mahalanobis
distances. Those were derived from shape variables and their statistical significance
was computed by permutation tests (1000 runs each) and after Bonferroni correction.

The distances were used in a UPGMA (Unweighted Pair-Group Method with
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Arithmetic Average) cluster analysis to produce a dendrogram. In order to detect
allometry, that is to say if variation in shape was affected by variation in size, the
shape variables were regressed on the centroid-size by multivariate regression
analysis. Once detected allometry, it was explored if the variation in shape within the
populations and species has the same relationship with the variation in size (if they
have an allometric common slope) by means of a multivariate analysis of covariance
(Mancova). If yes, it was of interest to test for shape differences among groups with
the size covariate (centroid-size) held constant. If not, the same analyses were
performed by pairs of populations or removing one population each time in order to
see if the remaining populations have homogeneous slopes. Kruskal-Wallis tests,
multivariate regression analysis and Mancova were made with the aid of JMP v 6.0.0
(SAS Institute Inc., 2005). Relative warps analysis was performed with the aid of
tpsRelw version 1.42 (Rohlf, 2005). The Mahalanobis distances were computed with
PADwin version 81a (Dujardin, 2003) and UPGMA dendrogram was performed with
Phylip v. 3.6 (Felsenstein, 2001) through PADwin.

Results

Size Variation - Comparing all the populations, Kruskal Wallis tests were significant
(Chi-square approx = 64.85, df = 3, p < 0.01) except for TwyVG vs TwySR (Fig. 4).
TarSC and TarlT exhibited the largest size, while TwyVG and TwySR the smallest.
Shape Variation - The Mahalanobis distances showed significant differences
between all the groups analyzed (Table 2). T. arthurneivai types exhibited the higher
distances with the remaining populations. The UPGMA tree derived from
Mahalanobis distances showed a group of two populations (TwySR and TwyVG)

clustered with TarlT, and separately TarSC (Fig. 5).

Allometry - A multivariate regression analysis of shape variables on size variable
showed a significant effect (Wilks' Lambda 0.4673, Approx. F = 12.4686, df num =
16, df _den = 175, p< 0.0001). But, Mancova revealed that there is not a common
relationship between shape and size (Wilks' Lambda 0.6567, Approx. F = 1.5932,
df _num =48, df den = 503.44, p = 0.0087). The same analyses removing one group
each time or analyzing by pairs of populations showed in most of them allometry and
an allometric common slope. But, when the size covariate was held constant,

significant shape differences were seen in all the analyses (p < 0.001). The pair
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TarSC - TarlT did not show allometry between them. The pair TwyMG - TwySP did

not show an allometric common slope.

Discussion

Morphometrics is the analysis of variation in shape and covariation with other
variables (Adams et al., 2004). Because the statistical analyses of genetic variability
expressed by morphological characters are a good measure of population
differentiation (Patterson et al., 2001), the morphometrics is an efficient alternative
method for taxonomy studies of Triatominae (Dujardin et al., 1999; Matias et al.,
2001; Jaramillo et al., 2002; Villegas et al., 2002; Gumiel et al., 2003, Lehmann et al.,
2005; Vargas et al., 2006; Feliciangeli et al., 2007).

The shape analyses showed that TwyVG and TwyMG populations can be
assigned to T. wygodzinskyi, while TarSC clearly differs from them, in agreement
with its status of being T. arthurneivai type specimens from Serra do Cip6. On the
other hand, TarlT is very different of TarSC and looks more similar to both T.
wygodzinskyi populations. These results reinforce the idea that T. arthurneivai would
be an endemic species occurring in the Serra do Cipd, and TarlT a geographic
variant of T. wygodzinskyi. This hypothesis is supported by the fact that the Serra do
Cip6 is an area of high endemism for the fauna and flora. The Serra do Cipé is
located in the Espinhago Range of mountains (Cadeia do Espinhago), which extends
from Minas Gerais State into Bahia State. Several authors, considered Serra do Cipo
as an area where the speciation and radiation phenomenon would come from the
specificity of habitats and climatic conditions (Fernandes & Price, 1988, 1992).
Likewise, Giuletti & Pirani (1987) postulate that special climatic, relief and soll
characteristics, which are not found in any other part of Brazil, offer the conditions for
a typical flora. According to Giuletti & Pirani (1997), endemism can be extremely high
in the groups with a primary or important centre of diversity in this region. So, several
bird species are restricted to Serra do Cipd (Giuletti et al., 1997). Vertebrate groups
such as Amphibia, Diptera insects and vascular plants also show high endemism in
this region (Lara & Fernandes, 1996; Giulietti & Pirani, 1997; Eterovick & Sazima,
2004). A study showed that 90% of Diptera pertaining to the family Cecidomyiidae
are exclusively endemic of this region (Lara & Fernandes, 1996). A study referred to
84 species of Eriocaulacea family, find that 68.7% are endemic to Espinhago Range
and 32.5% restrict to Serra do Cipé Giulietti & Pirani. (1997).
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Our results suggest that the T. “arthurneivai” records out of the Serra do Cipd
could be misidentifications. It is probably the case of T. “arthurneivai” from ltuparanga
(TarlT), used by Forattini et al. (1968) to study the biology of T. arthurneivai and
deposited in the USP collection. So, TarlT exhibits the greatest shape differences
precisely with T. arthurneivai from Serra do Cipd, including the holotype. Probably
this could be the same case for the other records originating from Sao Paulo State
(Corréa et al., 1962, 1965; Pinto Alves & Noda, 1964; Forattini et al., 1968, 1972,
Juarez et al., 1970; Barretto & Ribeiro, 1981) where triatomines considered as T.
arthurneivai were collected in localities near to ltuparanga.

A careful examination of the classic taxonomic characters also supports our
result. Even when Lent & Wygodzinsky (1979) hypothesized the useless of chromatic
characters because the occurrence of coloration patterns intermediary between both
species, these still remained broadly used in taxonomical keys (Lent & Wygodzinsky,
1979; Carcavallo et al., 1997). According to these authors, two chromatic differences
are useful to segregate the species: the pronotum and the corium coloration.
Theoretically T. arthurneivai exhibits a dark uniform pronotum (Fig. 1d) while T.
wygodzinskyi has a pronotum with reddish humeral angles (Fig. 1b). Examining a
large series of specimens collected in the type locality, we observed a broad variation
in the pronotum coloration: the usual coloration was observed in most part of
individuals (Fig. 6b,c) but extreme variations from dark uniform to wide posterior
reddish band were also observed (Fig. 6a,d,e). Therefore, the color pattern of
pronotum is taxonomically useless to separate these species. On the other hand, the
corium coloration pattern seems to be more constant. All the type series of T.
arthurneivai exhibit a dark coloration (Fig. 1d) and all T. wygodzinskyi specimens
have large reddish areas (Fig. 1a-c). The fact that the T. “arthurneivai” specimens
from ltuparanga (TarlT) exhibit large reddish areas in the corium is congruent with
our proposition that they belong to T. wygodzinskyi.

According to Lent & Jurberg (1980) and Corréa et al. (1965), the male
genitalia would exhibit a high discriminatory powerful. The main differences between
both species are found in the phallus (Fig. 2). Lent & Wygodzinsky (1979) consider
that the differences observed in the endosomal process are enough to separate the
species where T. arthurneivai have the endosomal processes much over half as long
as phallosoma, heavily sclerotized and their apices with close to 100 denticles and T.
wygodzinskyi with the endosomal processes not over half as long as phallosoma,

weakly sclerotized, their apices with about 20 denticles (Fig. 2 a, d). Lent & Jurberg
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(1980) increased the taxonomical validity of male genital structures incorporating the
description of the phallosome (Fig 2 b, c, e, f). The only available illustration of male
genitalia from Sao Paulo State T. “arthurneivai” was provided by Corréa et al. (1965)
(Fig. 2 g). The drawing is very rudimentary and important structures are not illustrated
(in particular the endosomal process). Nevertheless, we clearly observe one large
ovoid phallosome similar to T. wygodzinskyi (Fig. 2 c, f, g). This similarity also points
the Sao Paulo State T. arthurneivai records as a misidentification of T. wygodzinskyi.
The taxonomical value of the phallosome shape was also observed in triatomines of
genera Rhodnius (Lent & Jurberg, 1969).

In spite of the significant allometric effects among species and populations, it
could be demonstrated that an important fraction of the variation in shape did not
simply arose from variation in size. In most of the analyses, an allometric common
slope was shown. Nevertheless, the Mancova which kept the size covariate constant,
shows significant differences in shape between pairs of populations. The pair TarSC
and TarlT shows differences in shape but not allometric effects, and the pair TwyMG
and TwySP exhibits different allometric patterns. All these results may be interpreted
as that each of the populations and species examined had its own way of
morphological development, what is expected for different groups that have had
independent evolutionary trajectories (Klingenberg, 1998).

The population originated from Vargem Grande do Sul (S&do Paulo State) and
used in our work is closer to T. wygodzinskyi than to T. arthurneivai. In the studies of
Hyps$a et al. (2002), Paula et al. (2005) and Santos et al. (2007), bugs identified as T.
arthurneivai came from a neighbouring locality (E.S. do Pinhal) situated 40km from
Vargem Grande do Sul. Santos et al. (2007) noted an identification problem with
regard to these specimens and questioned their pertaining to the T. arthurneivai
species. We agree with this position and, moreover, suggest that they belong to T.
wygodzinskyi by the great similarity of wing size and shape.

In conclusion, specimens from S&o Paulo State are more similar to T.
wygodzinskyi than T. arthurneivai. Their initial identification as arthurneivai was
erroneous and they probably represent geographic variants of T. wygodzinskyi.
Consequently, the populations from Sao Paulo State studied by Corréa et al. (1962);
Pinto Alves & Noda (1964); Corréa et al. (1965); Forattini et al. (1968); Juarez et al.
(1970); Forattini et al. (1972); Barretto & Ribeiro (1981); HypSa et al. (2002); Paula et
al. (2005); Rosa et al. (2005) and Santos et al. (2007) correspond to T. wygodzinskyi.
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Finally, this work also confirms the high discriminating capacity of geometric

morphometric analysis.
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Table 1: Material examined. Minas Gerais State (MG) and Sao Paulo State (SP).

. _ Latitude/ .
Specie Locality _ Code No. of wings
Longitude
T. arthurneivai Serra do Cipo, MG -19.27/ -43.54 TarSC 7
T. “arthurneivai” ltuparanga, SP -23.75/ -47.75 TarlT 24
T. wygodzinskyi  Santa Rita de Caldas, MG  -22.02/ -46.37 TwySR 86
T. wygodzinskyi ~ Vargem Grande do Sul, SP -21.79/ -46.84 TwyVG 75

T. arthurneivai= TarSC (Serra do Cip6, MG); TarIT (ltuparanga, SP); T. wygodzinskyi= TwySR (Santa Rita de Caldas,
MG) and TwyVG (Vargem Grande do Sul, SP).
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Table 2: Mahalanobis distances obtained from shape variables. *Significant
differences (P<0.05) computed by permutation tests (1000 runs each) after

Bonferroni correction.

Mahalanobis distances

Species
TarSC TarlT TwySR TwyVG
TarSC 0.00
TarlT 4.28* 0.00
TwySR 3.92* 3.81* 0.00
TwyVG 4.29* 2.03* 4.19* 0.00

T. arthurneivai= TarSC (Serra do Cipd, MG); TarlT (ltuparanga, SP); T.
wygodzinskyi= TwySR (Santa Rita de Caldas, MG) and TwyVG (Vargem
Grande do Sul, SP).
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Figure captions

Fig. 1: Habitus dorsal showing the individual variability of coloration in Triatoma
wygodzinskyi and the typical coloration in T. arthurneivai. T. wygodzinskyi: a)
pronotum with wide posterior reddish band, b) typical pronotum with reddish humeral
angles and two paramedial reddish spots, c) dark uniform pronotum. T. arthurneivai:
d) typical uniform dark pronotum. The pictures of T. wygodzinskyi were taken on
topotypical specimens and T. arthurneivai is an exemplar from the type series. Scale

bar 10 mm.

Fig. 2: Morphological characteristics male genitalia of Triatoma arthurneivai (a, b, e)
and T. wygodzinskyi (c, d, f, g). Phallus: b, ¢; endosomal process (EnPr): a, d;
phallosome (Ph and asterisk): e-g. Drawings a-d from Lent & Jurberg, 1980; e-f
modified from Lent & Jurberg, 1980 and g from Corréa et al., 1965. Scale bars: a, d=

0.3 mm; b, c, e, f= 0.5mm.

Fig. 3: Landmarks measured as coordinates of wings of the analyzed triatomines.
Numbering on the points denote the arrangement followed in order to obtain the

coordinates.

Fig. 4: Variation of size among species. Box plot indicate median of group as a line in
the middle of quartiles (25 and 75 closed the box; and 10 and 90 as lines in the
extremes of each box). Line dot denotes the grand mean; the points at center of the
boxes show the distribution of specimens. CS= Centroid size; T. arthurneivai= TarSC
(Serra do Cip6, MG), TarlT (ltuparanga, SP); T. wygodzinskyi= TwyVG (Vargem
Grande do Sul, SP) and TwySR (Santa Rita de Caldas, MG).

Fig. 5: The UPGMA dendogram derived from Mahalanobis distances. The number

between braquets is the sample size for each population.

Fig. 6: Frequency of specimens with different color pattern in the pronotum of
Triatoma wygodzinskyi. All the specimens were captured in the type locality
(topotypes). a) dark uniform pronotum, b) reddish humeral angles, c) reddish
humeral angles and two paramedial reddish spot, d) narrow posterior reddish band,
e) wide posterior reddish band. (N= 47).
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Triatoma a Triatoma
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Abstract

Triatoma pseudomaculata, T. wygodzinskyi and T. maculata (Hemiptera:
Triatominae) are vectors of Chagas disease. The first and second species are
Brazilian vectors and the last is an important vector in the souther of South-America.
Currently, T. pseudomaculata and T. maculata are included in the “Triatoma
maculata complex” due to their morphological similarities. However, recent
morphological and genetics data show a phylogenetic proximity between T.
pseudomaculata and T. wygodzinskyi. In order to clarify their systematic status and
infer evolutionary relationships among these triatomines, we performed an inter- and
intra-specific comparative study using geometric morphometrics of wings. Our results
show a close similarity between T. pseudomaculata and T. wygodzinskyi, and
significant differences with T. maculata. These results confirm previous data obtained
with other techniques, and this definitively reject the concept of the T. maculata

complex.

Key words: Triatoma maculata complex; Triatoma pseudomaculata; Triatoma

maculata; Triatoma wygodzinskyi; geometric morphometrics.

Introduction

Triatominae are vectors of Trypanosoma cruzi (Chagas, 1909), the causative
agent of Chagas disease which is ranked as one important parasitic diseases for
Latin America (WHO, 2006). In Brazil, as in other countries of the Southern Cone, the
elimination program focused on Triatoma infestans (Klug, 1834) had as consequence
the occurrence in dwellings of new potential triatomine vectors originally restricted to
the sylvatic environment (Dias et al. 2002; Dias 2006). In the northeast of Brazil, T.
pseudomaculata Corréa & Espinola, 1964 is one potential vector, which has
exhibitied a quick synanthropic process (Dias et al. 2000; Diotaiuti et al. 2000; Dias et
al. 2002; Noireau et al. 2005). With the elimination of the highly competitive T.
infestans, the invasion of artificial structures by T. pseudomaculata was favored (Pojo
de Rego et al. 2006). Because of their similar morphologic and chromatic
characteristics, T. pseudomaculata was misidentified for many years as T. maculata
(Erichson, 1848), a species found in Roraima State of Brazil, Venezuela, Colombia,
Surinam, Guyana, French Guiana, and some Caribbean islands (Carcavallo et al.
1997a). Because T. maculata is commonly found indoors and infected with T. cruzi, it

is considered the second most important Chagas disease vector in Venezuela (Lent
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and Wygodzinsky, 1979; Feliciangeli et al. 2003; Sanchez-Martin et al. 2006). T.
pseudomaculata was formally described in 1964 from specimens collected in Sobral,
in the Northeastern Brazilian State of Ceara. According to the current hypothesis
about their origin, T. maculata and T. pseudomaculata would be the result of the
evolution of two geographic populations derived from a common ancestor by passive
dispersion of nymphs associated to migratory birds (Schofield, 1988).

T. pseudomaculata and T. maculata were grouping in the same species
complex, due to their morphological similarities. The species complex concept for
Triatominae was established by Usinger et al. (1966) and lately developed by Lent &
Wygodzinskyi (1979), Carcavallo et al. (2000) and Dujardin et al. (2000a). T.
maculata and T. pseudomaculata were initially grouped together by Lent &
Wygodzinskyi (1979), and allocated in the T. infestans complex. Later, Carcavallo et
al. (2000) split the “T. infestans complex” for creating the “T. maculata complex”, wich
include T. pseudomaculata and T. maculata. Dujardin et al. (2000) grouped these
species in the “maculata subcomplex”. In the last years, this complex was
questioned by morphologic, genetic and hybridization studies (HypS$a et al. 2002;
Belisario, 2006; Santos et al. 2007).

Another Brazilian sylvatic triatomine, T. wygodzinskyi Lent, 1951, exhibits
close morphological similarities with T. pseudomaculata (Carcavallo et al. 1997b).
This species was described, in one overlooked paper, from a small number of
specimens collected in the south of Minas Gerais State (Lent, 1951), and it is likely
that many works carried out in Sdo Paulo State and dedicated to T. arthurneivai
(Pinto Alves and Noda 1964; Corréa et al. 1965; Forattini et al. 1968, 1972; Juarez,
1970; Barretto and Ribeiro 1981) involved, in reality, this species (Santos et al.
2007). T. wygodzinskyi was initially included in the sordida complex by Lent &
Wygodzinsky (1979). However, Carcavallo et al. (2000) considered that there is not
enough information on T. wygodzinskyi to allow its location in any recognized
complex. Finally, its current status still remains uncertain and its relationships with
other(s) triatomine(s) needs to be investigated. In the present work, we studied the
evolutionary relationships among T. pseudomaculata, T. wygodzinskyi and T.
maculata using a geometric morphometry approach. This technique, based on
statistical analyzes of size and shape partitioning has become an efficient alternative
method for the taxonomy, spatial structuring and entomological surveillance of
Triatominae (Matias et al. 2001; Jaramillo et al. 2002; Villegas et al. 2002; Gumiel et
al. 2003; Borges et al. 2005; Schachter-Broide et al. 2005; Dujardin et al. 2007). Our
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work hypothesis was that T. pseudomaculata and T. wygodzinskyi were more related
between them than with T. maculata. To confirm this assumption, we carried out an
inter- and intra-specific comparative study among these three species, using the

geometric morphometrics comparison of wings.

Material and methods

Insects - Except for T. pseudomaculata from Sobral and T. maculata specimens
which provided by a first laboratory generation, all triatomines samples analized were
originated from field collections (Table 1). A total of 457 wings were examined: 158 of
T. wygodzinskyi, 261 of T. pseudomaculata and 38 of T. maculata (Table 1). Left and

right wings were not averaged by individual but used separately as individual units.

Metric data - wings were extirpated with forceps and mounted among microscope
slides and cover-slips with 70% ethanol. Photographs of each pair of wings were
taken using digital camera (SONY® Cyber-shot DSC-V3) coupled manually on the
ocular of a stereomicroscope Leica® MZ 12. Black and white pictures with 3.0 mega-
pixel resolutions were taken of each pair of wings at 10x magnification. On the
membranous part of the hemelytra, we identified 10 “type I” landmarks (venation
intersections) (Fig. 1). The geometric coordinates of each landmark were digitalized

using the program tpsDig2 version 2.09 (Rohlf, 1999a).

Size and shape variation - For comparison of overall wing size between populations
and species, we used the isometric estimator know as “centroid size” derived from
coordinates data. Centroid size is defined as the square root of the sum of the
squared distances between the center of the configuration of landmarks and each
individual landmark (Bookstein, 1990). The centroid size was extracted from each
matrix using the program tpsRegr version 1.18 (Rohlf, 1999b). Shape variables
(partial warps plus uniform components) were obtained using the Generalized
Procrustes Analysis superimposition algorithm (Rohlf, 1996) performed with MOGwin
version 0.77 (Dujardin, 2003). The method is based in the superimposition of each
individual using least-square, eliminating effects of scale, orientation and position of
the objects. The shape variables define the positional changes at each landmark in

relation to a consensus shape.
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Statistical analysis - Kruskal-Wallis tests corrected by Bonferroni method were used
to analyze the isometric size at intra and inter-specific level. The Mahalanobis
distances derived from shape variables were used to explore the shape proximity
between populations and species. Their statistical significance was computed by
permutation tests (1000 runs each), and corrected by Bonferroni method. These
distances were used in UPGMA (unweighted pair-group method with arithmetic
average) cluster analyses to produce dendrograms. Discriminant analyse was
performed to evaluate the existence of significant differences to intra and
interespecific levels; to order the populations and species in the shape space formed
by the first and second canonical factors and to reclassify the individuals using the
discriminant functions and Mahalanobis distances. The Kappa statistics, which is a
measure of agreement estimated between observed and expected classification, was
calculated. The result is scaled from 0 to 1 (Landis and Koch 1977). The residual
relationship between shape and size variables (allometry) was explored by
multivariate regression analysis. Because allometry was detected, it was of interest to
test whether the relationships between size and shape are the same for different
groups. For this a multivariate analysis of covariance, MANCOVA, was performed
with shape variables as dependent variables, and taxa and centroid-size as
independent variables. Analyses of size were performed with JMP v 6.0.0 (SAS
Institute Inc., 2005). Dendogram and reclassification were examined using the
PADwin (version 81a; Dujardin, 2003) and JMP v 6.0.0 (SAS Institute Inc., 2005).
Multivariate regression analysis and MANCOVA were performed with JMP v 6.0.0
(SAS Institute Inc., 2005).

Results

Size variation - Comparing the wing sizes between the species, the Kruskal-Wallis
tests showed a significant difference (Chi-square approx= 9.82, df= 2, p<0.01)
between T. maculata and the other two species, whereas T. pseudomaculata and T.
wygodzinskyi did not show size differences between them (Fig. 2). The UPGMA
dendogram based on average centroid size by species showed T. pseudomaculata
clustering with T. wygodzinskyi (Fig. 3). The intra-specific analysis showed size
variability between T. pseudomaculata populations (Fig. 4). Significant differences
were found between TpsCE and TpsPB, which exhibited the smallest and largest
sizes, respectively (Chi-square approx= 49.28, df= 1, p<0.001), and between them
and the remaining T. pseudomaculata populations (p= 0.002) (Fig. 4). The Kruskal-
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Wallis test did not show significant size differences after Bonferroni correction
between the T. pseudomaculata populations from Minas Gerais and Bahia neither
between the T. wygodzinskyi populations.

Shape variation - A canonical variates analyses (CVA) displayed significant
differences (Wilks' Lambda = 0.0213, Approx. F= 20.45, df num= 112, df den=
2815.6, p< 0.001) on the shape of wings among the groups. The individuals
projected onto the two first canonical factors show three well defined and separated
groups, corresponding to the three species (Fig. 5). Permutation test corrected by
Bonferroni show that all the populations exhibited significant differences in the
Mahalanobis distances (p= 0.0018; Table 4). The derived UPGMA dendogram
showed a clear separation between species and closer proximity between T.
pseudomaculata and T. wygodzinskyi than between T. pseudomaculata and T.
maculata (Fig. 6). T. maculata and T. wygodzinskyi populations showed good
reclassification rates varying between 795 and 94.7%. Populations of T.
pseudomaculata exhibited the wider reclassification spectrum, from medium (51.7%)
to high (89.2) values (Table 2). The agreement in the re-classification was substantial
(Kappa= 0.7066).

Allometry - A multivariate analysis of regression of shape variables on size variables
showed a significant effect of size on the shape (Wilks' Lambda 0.7922, Approx. F=
5.98, df num= 16, df_den= 365, p< 0.0001) (Table 3). However, the MANCOVA
revealed that there is not a common relationship between shape and size (Wilks'
Lambda 0.4540, Approx. F= 3.12, df num= 96, df den= 2006.7, p< 0.0001). The
same analysis by pairs showed allometry between each pair but did not show a

common allometric effect between any pair of species (Table 3).

Discussion

Molecular and enzymatic data presented by HypSa et al. (2002) and Santos et
al. (2007) questioned the existence of the “T. maculata complex” and suggested a
higher genetic proximity between T. pseudomaculata and T. wygodzinskyi than
between T. maculata and T. pseudomaculata. Our results fit with this hypothesis. The
wing size does not allow to differentiate field populations of T. pseudomaculata and
T. wygodzinskyi. On the other hand, the laboratory colonies of T. pseudomaculata
(TpsCE) and T. maculata exhibited smaller wings. Several authors have reported

changes in the phenotype in laboratory triatomines associated with different rearing
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conditions. These have included changes in size and shape of the head, wings and
pronotum (Dujardin et al. 1998; Galindez Girdon et al. 1999, Jaramillo et al. 2002).
Dujardin et al. (1998) proposed that the reduction in body size may reflect the higher
population density of bugs maintained in the laboratory. The antennal phenotype of
field coollected T. infestans, R. prolixus and R. pallescens showed strong distintions
from laboratory reared specimens (Catala et al. 2004). Jaramillo et al. (2002)
analyzed the morphological and morphometric differences between a wild
Panstrongylus geniculatus population and its laboratory descendants. The analyses
over five generations showed differences in size but not in shape neither in sexual
dimorphism. They concluded that size changes may have a physiological origin in
response to a change of ecotopes (sylvan — laboratory), but more than five
generations may be required for the expression of shape changes. Stable differences
among species and populations are of shape not of size, because it is more affected
by environment (Dujardin, 2000b). Nevertheless the size difference observed
between the laboratory T. pseudomaculata from Ceara (TpsCE) and the other
conespecific populations examined herein correspond to natural populational
characteristic and not laboratory culture effect. These arguments are also valid for T.
maculata. The insect used were an F1, then the possible laboratory maintenance
effect was minimum (only one generation). Aditionally, a molecular study based on
MtDNA revealed TpsCE as a population of T. pseudomaculata with a perceptible
genetic differentiation (Carbajal de la Fuente et al., unpublished data).

The shape showed significant differences among species and populations.
The three species are clearly differenced in the space of shape formed by the two
first canonical factors. But the dendrogram calculated by the UPGMA method from
Mahalanobis distances showed all populations of T. pseudomaculata closer to the
two populations of T. wygodzinskyi than to T. maculata (Fig. 3, 6). This strongly
supports the hypothesis that T. maculata is not monophyletic with T.
pseudomaculata.

There is an important allometric effect among species and populations that
was detected by the significant relationship between shape and size. But the
variation in shape within the species did not have the same relationship with the
variation in size. Because of this, pairwise multivariate regression analyses were
done looking for the species with different slope; that is to say, looking for the species
which experience different allometric effect. Again, each pair shows allometry but not

a common slope. This may be interpreted as each species harving a different way to
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grow, what is expected for different groups that have had independent evolutionary
trajectories by a long time (Klingenberg, 1998).

Geometric morphometrics is a powerful technical which has been applied in
several works to resolve taxonomic problems related to Chagas Disease vectors (e.g.
Matias et al. 2001, Villegas et al. 2002, Gumiel et al. 2003). The present study
supports other results derived from antennal phenotype (Carbajal de la Fuente et al.,
unpublished data), isoenzymes and cytogenetics (Santos et al. 2007) and clearly
shows that exists a close morphological and genetic affinity between T.
pseudomaculata and T. wygodzinskyi. Finally, it confirms the rejection of the concept
of “T. maculata complex” sustained by Carcavallo et al. (2000) and Dujardin et al.
(2000a).
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Table 1: Material examined

. . State Habitat No. of
Specie Locality Code .

wings

Curacga Bahia TpsCBA Peridomestic 79

Itaberaba Bahia TpsIBA  Peridomestic 75

T. pseudomaculata Itaobim Minas Gerais TpsMG Peridomestic 31

Bom Jesus Paraiba TpsPB  Peridomestic 39

Sobral Ceara TpsCE  Peridomestic 37

_ _ Vargem Grande do Sul  S&o Paulo TwySP Rocks 75

T. wygodzinskyi

Santa Rita de Caldas Minas Gerais TwyMG Rocks 83

T. maculata Mucajai Roraima TmaRR Palms 38

Total 457
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Table 2: Re-classification of individuals according to Mahalanobis distances (of each
individual to the centroid of each group). Number of wing units (above) and
percentage of grouped cases correctly classified (under). Kappa statistic= 0.6077. T.
maculata from Roraima State (TmaRR); T. pseudomaculata from Curaca (TpsCBA),
Itaberaba (TpsIBA) Bahia State; from Sobral (TpsCE) Ceara State, from Itaobim
(TpsMG) Minas Gerais Satate and Bom Jesus (TpsPB) Paraiba State; T.
wygodzinskyi from Vargem Grande do Sul (TwySP) Sao Paulo State and Santa Rita
de Caldas (TwyMG) Minas Gerais State.

TmaRR TpsCBA TpsCE TpsIBA TpsMG TpsPB TwySP TwyMG  Total

TmaRR 36 0 1 1 0 0 0 0 38
94.7 0.0 2.6 2.6 0.0 0.0 0.0 0.0

TpsCBA 0 41 7 13 7 10 0 1 79
0.0 519 89 165 89 127 0.0 1.3

TpsCE 2 1 33 0 0 1 0 0 37
54 27 89.2 0.0 0.0 2.7 0.0 0.0

TpsIBA 1 4 3 47 10 9 1 0 75
13 53 40 627 133 120 1.3 0.0

TpsMG 1 2 1 4 20 3 0 0 31
32 65 23. 129 64.5 9.7 0.0 0.0

TpsPB 0 5 0 1 2 31 0 0 39
0.0 128 0.0 2.6 51 795 0.0 0.0

TwySP 0 3 0 0 0 0 67 5 75
0.0 40 0.0 0.0 0.0 0.0 893 6.7

TwyMG 0 1 3 0 0 0 13 66 83
00 12 3.6 0.0 0.0 00 157 795

Total 40 57 48 66 39 54 81 72 457
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Table 3: Comparison of the size allometric effect on the shape among T. pseudomaculata, T. wygodzinskyi and T. maculata.

Allometry? Common slope?
Wilks' Wilks'
Pair species™ p Interpretation p Interpretation
Lambda Lambda
Tps vs Twy 0.8286 <0.0001 Yes 0.8686 <0.0001 No
Twy vs Tma 0.7325 <0.0001 Yes 0.7811 0.0001 No
Tps vs Tma 0.6749 <0.0001 Yes 0.8444 <0.0001 No

*The 5 T. pseudomaculata and 2 T. wygodzinskyi were pooled, respectively.

Table 4: Mahalanobis distances for populations and species analyzed.
Specie Code TwyMG TwySP TpsCBA TpsCE TpsIBA TpsIMG TpsPB TmaRR
TwyMG 0.00
TwySP 1.96 0.00
TpsCBA  3.93 4.21 0.00
TpsCE 4.11 4.47 3.04 0.00
T. pseudomaculata TpsIBA 4.84 5.21 1.76 3.43 0.00
TpsIMG  4.75 5.16 2.07 3.61 2.32 0.00
TpsPB 5.28 5.34 2.11 3.73 2.36 2.43 0.00
T. maculata TmaRR  4.87 5.15 4.64 4.88 4.68 4.84 5.14 0.00

All distances were significant at p< 0.0018 after Bonferroni correction.

T. wygodzinskyi
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Figure captions

Fig. 1: Landmarks measured as coordinates of wings of the analyzed triatomines.
Numbering on the points denote the arrangement followed in order to obtain the

coordinates.

Fig. 2: Variation of size among species. Box plot indicate median of group as a line in
the middle of quartiles (25 and 75 closed the box; and 10 and 90 as lines in the
extremes of each box). Line dot denotes the grand mean; the point at center of the
boxes shows the distribution of specimens. CS= Centroid size; Tma= T. maculata;

Tps= T. pseudomaculata; Twy= T. wygodzinskyi.

Fig. 3: UPGMA dendogram derived from Mahalanois distances showing the species

similarity based on the wings size.

Fig. 4: Variation of size among populations and species. Box plot indicate median of
group as a line in the middle of quantiles (25 and 75 closed the box; and 10 and 90
as lines in the extremes of each box). Line dote denotes the grand mean; the point at
center of the boxes shows the distribution of specimens. CS= Centroid size, TmaRR,
TpsCBA, TpsCE, TpsIBA, TpsMG, TpsPB, TwySP and TwyMG see Table1.

Fig. 5: Canonical variate analysis of T. pseudomaculata (TpsCBA, TpsIBA, TpsMG,
TpsCE and TpsPB), T. wygodzinskyi (TwyMG and TwySP) and T. maculata
(TmaRR) populations (see Table 1). The Fig. shows the centroid distribution
(multivariated mean) on canonicals factors 1 (CF1) and 2 (CF2). The circles around
centroids represent confidence intervals of 95%, and the polygons the dispersion of
points corresponding to each population. The CF1 explained 59% of the variance
while the CF2 explained 19%.

Fig. 6: UPGMA dendogram derived from Mahalanobis distances based on wings
shape. TwyMG and TwySP= T. wygodzinskyi from Santa Rita de Caldas and Vargem
Grande do Sul; TpsCBA, TpsIBA, TpsMG, TpsPB and TpsCE= T. pseudomaculata
from Curagad, Itaberaba, Itaobim, Bom Jesus and Sobral, finally TmaRR= T. maculata

from Mucajai.
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Abstract

The “Triatoma maculata complex” is presently formed by two epidemiologically
important species of Triatominae, Triatoma maculata and Triatoma pseudomaculata,
which share morphologic and chromatic characteristics. In order to clarify the
systematic status and infer the evolutionary relationships of these vectors of Chagas
disease, we performed a comparative analysis of their antennal phenotype, taking
also into account Triatoma wygodzinskyi, a possible sister species. The comparison
was based on sensilla arrays on the three distal segments of the antenna. Our results
show a close similarity between T. pseudomaculata and T. wygodzinskyi antennal
phenotypes, and significant differences with T. maculata. The inter-populations study
reinforces the idea that T. pseudomaculata (arboricolous species) and T.
wygodzinskyi (rupicolous species) would originate from a common ancestor. This
work confirms the high discriminating capacity of the antennal phenotype in the

systematic of Triatominae.

Key words: Triatoma maculata complex; Triatoma pseudomaculata; Triatoma

maculata; Triatoma wygodzinskyi; antennal phenotype; sensilla; Brazil.

Introduction

Triatominae are the vectors of Chagas disease, which is caused by the
protozoan parasite Trypanosoma cruzi (Chagas, 1909) and is ranked as one
important parasitic disease for Latin America (WHO, 2006). In Brazil, the eradication
program focused on Triatoma infestans (Klug, 1834), had as consequence the
occurrence in dwellings of new potential vectors originally restricted to the sylvatic
environment (Dias et al. 2002). In the northeast of Brazil, Triatoma pseudomaculata
Corréa & Espinola, 1964, one of these potential vectors, is exhibiting a quick
synanthropic process (Dias et al. 2000; Diotaiuti et al. 2000; Noireau et al. 2005).
Because of their similar morphologic and chromatic characteristics, T.
pseudomaculata was misidentified for many years as Triatoma maculata (Erichson,
1848), a species found in the Roraima State of Brazil, Venezuela, Colombia,
Surinam, Guyana, French Guiana, and some Caribbean islands (Carcavallo et al.
1998a, Carcavallo et al. 2000). Finally, T. pseudomaculata was formally described in
1964 from specimens collected in Sobral, Ceara State. According to the Schofield

(1988) hypothesis about their origin, T. maculata and T. pseudomaculata would be
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the result of the evolution of two geographic populations issuing from a common
ancestor by passive dispersion of nymphs associated to migratory birds.

Because they share many morphologic and chromatic characteristics, both
species form the “T. maculata complex” (Carcavallo et al. 2000) or “maculata
subcomplex” (Dujardin et al. 2000). A third Brazilian species, Triatoma wygodzinskyi
Lent, 1951, exhibits close morphological similarities with T. pseudomaculata
(Carcavallo et al. 2000). T. wygodzinskyi has been described from a small number of
specimens (5) obtained from a single sampling in the south of Minas Gerais State,
Brazil.

T. maculata is commonly found in the wild environment in palm trees,
associated with birds, bats, rodents and marsupials (Carcavallo et al. 1998b), but
exhibits epidemiological importance when it colonizes synanthropic structures
(Feliciangeli et al. 2003; Luitgards-Moura et al. 2005). T. pseudomaculata is about all
found in hollow trees but also in rodent, marsupial and “armadillo” shelters (Lent and
Wygodzinsky, 1979; Espinola, 1985; Dias-Lima et al. 2003). It is currently reported to
be colonizing artificial structures (Silveira and Vinhaes, 1998) and may be considered
as a synanthropic vector candidate. Finally, T. wygodzinskyi occurs exclusively in the
cracks of stone located in southern Minas Gerais and northern Sao Paulo (Lent and
Wygodzinsky, 1979; Carbajal de la Fuente, unpublished data).

According to Hypsa et al. (2002) and Santos et al. (2007), T. maculata and T.
pseudomaculata would pertain to distinct evolutionary lineages whereas T.
pseudomaculata and T. wygodzinskyi would be closely related species. In order to
confirm this hypothesis and to clarify the systematic status, we carried out an inter-
and intra-specific comparative study of the antennal phenotype observed for T.
maculata, T. pseudomaculata and T. wygodzinskyi. We also explored the existence

of sexual dimorphism in the antenna of these species.

Material and methods

Insects: Brazilian populations of three species were compared: T. maculata (one
population from Mucajai, Roraima State); T. pseudomaculata (three populations from
Itaobim, Minas Gerais; Curaga, Bahia; and Sobral, Ceara) and T. wygodzinskyi (two
population from Santa Rita de Caldas, Minas Gerais, and Vargem Grande do Sul,
Séo Paulo) (Table 1). The insects analyzed were field specimens, except for T.
maculata and the Sobral population of T. pseudomaculata, which originated from a

first generation, obtained from the insectary of the Laboratério de Triatomineos e
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Epidemiologia da Doencga de Chagas, Instituto Rene Rachou, FIOCRUZ, Brazil. We
currently consider that the triatomine populations from Sao Paulo State characterized
as Triatoma arthurneivai Lent & Martins, 1940, and studied by HypSa et al. (2002)
and Paula et al. (2005) pertained in reality to the species T. wygodzinskyi (Santos et
al. 2007). Unfortunately, we could not include specimens of T. arthurneivai in this
analysis. The antennas of all the collection type specimens were damaged and

recent collecting efforts in Serra do Cip6, Minas Gerais State, were unsuccessful.

Antennal preparations: One antenna per individual was removed using fine forceps,
stored in 70% ethanol and diafanized in sodium hydroxide (10%). After neutralization
with acetic acid (10%), each antenna was mounted on a slide in glycerine. Sensilla
identification and counting were made on the ventral side of the three distal
segments of the antenna: pedicel (P), flagellum first segment (F1), and flagellum
second segment (F2), using optical microscopy (400x) and a drawing chamber
(Carbajal de la Fuente and Catala, 2002). Sensilla were classified in Bristles (BR),
thin walled trichoids (TH), thick walled trichoids (TK) and basiconica (BAS) according
to Catala and Schofield (1994).

Data analysis: Means and standard deviations were calculated for each type of
sensilla in each one of the antennal segments. Levene’s test was used to check the
homogeneity of variances. Variables were analyzed using ANOVA and mean values
were contrasted using the LSD (least significant difference) test. Variables with
significant differences were used for discriminant analysis between species using
PADWIN software, version 81a (J.P. Dujardin, www.mpl.ird.fr/morphometrics). For
population analysis, Mahalanobis distances and their statistical significance were
calculated by permutation tests (1000 runs each) after Bonferroni correction. Cluster
analysis based on Euclidean distances was used to build an UPGMA (unweighted
pair-group method with arithmetic average) phenogram. This analysis was carried out

with 12 variables using PAST software version 1.44 (www.folk.uio.no/ohammer/past).

Results

Analysis by species: T. maculata and T. pseudomaculata presented the four types of
sensilla distributed on their pedicel and antennal segments. T. wygodzinskyi
presented a low quantity (TwySP) or did not present (TwyMG) the P-TK sensilla type

(Table 2). Interspecific univariated analysis (variables log transformed) showed
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significant differences in pedicel mechanoreceptor (P-BR) and chemoreceptor (P-TH,
P-TK, P-BAS, F2-TH and F2-BAS) densities. The LSD test revealed that P-TH and
F2-TH could separate the three species, and P-TK, P-BAS and F2-BAS separated T.
maculata to the remaining species (P<0.01). P-TK, P-BAS and F2-BAS did not
exhibit significant differences between T. pseudomaculata and T. wygodzinskyi. For
discriminant analysis, canonical factor 1 (CF1) separated T. maculata from the
remaining species and demonstrated close proximity for T. pseudomaculata and T.
wygodzinskyi (Fig. 1). The CF1 explained 92% of the variance while the CF2
explained 8%. The Mahalanobis distances between the three species were highly
significant (P< 0.001). After 1000 permutations, 80% of T. wygodzinskyi specimens
were correctly reclassified, while T. maculata and T. pseudomaculata had

reclassification rates of 70% and 72%, respectively.

Analysis by populations: Univariated analysis showed significant difference (P< 0.05)
for the F2-BAS number between both T. wygodzinskyi populations. For P-BR, F1-TK
and F2-TK sensilla types, significant differences were found among T.
pseudomaculata populations. The TpsBA and TpsMG populations showed a greater
number of P-BR (P< 0.05). For F1-TK, TpsCE had a smaller number for this type of
sensilla and was significantly different from the others. Finally, TpsMG contained a
F2-TK number that was significantly higher than other T. pseudomaculata
populations. Cluster analysis clearly separated the two groups (Fig. 2): the first group
included T. wygodzinskyi and T. pseudomaculata population from Ceara and the
second group contained the remaining T. pseudomaculata populations (TpsBA and
TpsMG). Unassociated with these groups, we found the T. maculata population.
Mahalanobis distances were only significant between T. maculata and the remaining
populations. A low level of reclassification (10%) was obtained for specimens of T.
wygodzinskyi from Minas Gerais, whereas 60% reclassification was obtained for the
population from S&o Paulo. T. pseudomaculata populations from Ceara, Minas
Gerais and Bahia State, were also poorly reclassified with 30%, 20% and 20%,
respectively. T. maculata showed the best value of reclassification, with 70% of the

specimens correctly classified.

Sexual dimorphism: The three species showed sexual dimorphism of their antennal
phenotype (Table 3). T. wygodzinskyi males (TwyMG population) exhibited

significantly more F2-TH than females. T. pseudomaculata showed sexual

67



dimorphism for F1-TH and F1-TK (2 populations) and F2-TH (only TpsBA
population). Males had a higher number of TH in F1 and F2 than females, although
the contrary was observed for F1-TK. T. maculata females had a significantly higher
density of P-BAS and F1-BAS than males.

Discussion

The close external similarities between T. maculata and T. pseudomaculata
were always noted by the specialist. In a large study, Lent and Wygodzinsky (1979)
noted that both species are hardly to separate using external features such as color
pattern. They also stated that the male genitalia (mainly the endosomal processes)
offered the best characteristics for an effective differentiation between them. These
similarities were responsible for the establishment of “T. maculata complex”
comprising exclusively these two species (Carcavallo et al. 2000; Dujardin et al.
2000). Nevertheless from enzymatic, cytogenetic and morphometric data, Santos et
al. (2007) suggest the formation of a different group containing T. pseudomaculata
and T. wygodzinskyi, excluding T. maculata to a distinct evolutionary lineage. In
accordance with these results, our study demonstrates significant similarity between
T. pseudomaculata and T. wygodzinskyi antennal phenotypes, and significant
differences with T. maculata. Our results are also consistent with molecular studies
performed by HypsSa et al. (2002) and Paula et al. (2005), who show a high genetic
difference between T. maculata and T. pseudomaculata and a close relationship
between T. pseudomaculata and T. wygodzinskyi (formerly T. arthurneivai from Sao
Paulo State; Santos et al. 2007). In contrast, they disagree with the analyses of 12S
and 16S sequences performed by Sainz et al. (2004), which suggest that T. maculata
and T. pseudomaculata are closely related species. This discordance could be
attributed to a misidentification of Sainz’s specimens from Sergipe (Brazil), included
in the analysis as T. maculata. According to Lent and Wygodzinsky (1979) and
Carcavallo et al. (1998a) who studied the geographic distributional range of
Triatominae species, those individuals should be T. pseudomaculata because T.
maculata is only found in Roraima State. Finally, it is highly probable that Sainz et al.
(2004) have in fact specimens of a single species. Therefore, their conclusion about
the phylogenetical proximity between T. pseudomaculata and T. maculata is doubtful,
as pointed out by Santos et al. (2007).

The inter-population study reinforces the idea that T. pseudomaculata and T.

wygodzinskyi could be sister species. Nevertheless, multivariate analysis shows the

68



populations distributed in two clusters. The first cluster grouped both T. wygodzinskyi
populations and T. pseudomaculata from Ceara, and the second one with T.
pseudomaculata from Bahia and Minas Gerais. Both clusters are clearly separated
from T. maculata. These facts demonstrate the phenotypic proximity of both T.
wygodzinskyi populations, which originate from close collecting sites.

Even without significant differences in Mahalanobis distances between T.
wygodzinskyi and T. pseudomaculata populations, it is interesting to point out the
cluster formed by the T. pseudomaculata population from Ceara and T. wygodzinskyi
populations (Fig. 2). The three populations present high similarity in their antennal
phenotype. If we considered T. wygodzinskyi and T. pseudomaculata as sister
species, two possible hypotheses could explain the phenogram topology. In the first,
if we consider the antennal phenotype of the Ceara population as plesiomorphic, the
phenogram reflects that the group formed by T. wygodzinskyi and T. pseudomaculata
from Ceara shows less phenotypical differentiation from the common ancestor (Fig.
3a). In the second, we considered the antennal phenotype of T. pseudomaculata
from Minas Gerais to be more plesiomorphic. In this case, the phenogram reflects
that the group composed of T. wygodzinskyi and T. pseudomaculata from Ceara
shows the highest phenotypic differentiation from the common ancestor (Fig. 3b).
The assumption of Gaunt and Miles (2000), which suggests that genus Triatoma has
evolved predominantly in rocky habitats, would favor the first hypothesis.
Nevertheless, in order to test these hypotheses, further phylogenetic analyses will be
necessary to determine the sister group/species of T. pseudomaculata and T.
wygodzinskyi.

The high phenotypical amplitude of T. pseudomaculata could be related to
biogeographic areas and transition zones in Latin America. Morrone (2006) considers
the bioregion from which TpsCE comes as “Para region”. In accordance, TpsCE was
the only population analyzed that originates from this region, while the two remaining
T. pseudomaculata populations come from the savanna regions formed by the
"cerrado” and “caatinga”.

In the interpopulational analysis, we observe a low percentage of T.
wygodzinskyi and T. pseudomaculata specimens correctly reclassified. This is not
observed for T. maculata, pointing out again the high phenotypic similarities between
T. wygodzinskyi and T. pseudomaculata.

Sexual dimorphism in the antennal sensilla pattern was recorded for several

triatomine species: T. infestans (Catala and Dujardin, 2001), T. pseudomaculata and
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T. sordida (Carbajal de la Fuente and Catala, 2002), T. dimidiata Latreille, 1811
(Catala et al. 2005) and Mepraia spinolai Porter, 1934 (Moreno et al. 2005). Our
study confirms these results for T. pseudomaculata (Carbajal de la Fuente and
Catala, 2002) and reports for the first time sexual dimorphism in the antennal
phenotype of T. maculata and T. wygodzinskyi.

Evidences of this study and previous works (Hypsa et al. 2002, Paula et al.
2005 and Santos et al. 2007) allow us to propose formally the recomposition of the
“T. maculata complex”. In conclusion, our antennal phenotype data clearly indicate a
differentiation between T. maculata and T. pseudomaculata. In contrast, the latter
species and T. wygodzinskyi are close species, confirming recent results obtained
using geometric morphometry (Carbajal de la Fuente et al., unpublished data). The
antennal phenotype reflects the exquisite adaptation of insects to their habitat.
Several papers on Triatominae and other insect groups showed this effect very
clearly (Lane and Crosskey 1993, Gracco and Catala 2000, Catala and Torres 2001).
However, the antennae, as a vital essential organ of the insects, have suffered, along
their evolutionary history, strong selective pressures reflecting at one and the same
time environmental and genetic changes. This work also confirms the high

discriminating capacity of antennal phenotype analysis.
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Table 1: Characteristics of the different samples analyzed.

N
Specie Code Locality, State Habitat
F M
_ _ TwyMG  Santa Rita de Caldas, MG 5 5
T. wygodzinskyi rocks
TwySP  Vargem Grande do Sul, SP 5 5
TpsCE Sobral, CE 5 5
T. pseudomaculata TpsBA Curaca, BA peridomestic 5 5
TpsMG Iltaobim, MG 0O 5
T. maculata TmaRR Macajai, RR Paimtree 5 5

MG= Minas Gerais; SP= Sio Paulo; CE= Ceara; BA= Bahia and RR= Roraima. N= Number of

antennas, F= females, M= males.
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Table 2: Mean number (standard deviation) of sensilla on each antennal segment of the populations examined.

Pedicel Flagellum 1 Flagellum 2
Species BR TH TK Bas BR TH TK Bas BR TH TK Bas
TwyMG 116.80 117.00 0 25 234 54.4 121.10  22.40 12.10 27.90 80.50 13.30
(16.62)  (42.93) (2.27)  (3.47) (15.79) (24.00) (7.79) (3.69) (11.25) (14.83) (3.56)

TwySP  121.70 14430  0.40 290 2480 6160 10880 1650 1350 39.10 9470  18.10
(15.76)  (53.43)  (0.69) (2.47) (4.21) 1553) (22.67) (2.50) (4.22) (13.68) (21.26) (4.99)

TpsMG  132.60 20520  1.00 5.00 224 6020 186.00 3320 12.60 27.00 137.00 16.80
(16.82) (57.75) (2.23) (1.87) (3.78) (17.99) (15.55) (18.97) (2.60) (3.53) (20.85) (11.21)

TpsBA 13520 183.50 4.4 490 2330 5580 201.70 27.90 1210 2720 113.00 16.40
(20.61) (49.59) (6.18)  (1.91) (2.83) (15.24) (34.29) (6.29) (3.66) (10.49) (34.30) (8.08)

TpsCE 11350 15420  1.30 370 2160 5090 14070 1950 1320 23.40 92.00  12.00
(15.28)  (55.41) (1.77)  (2.45) (2.63) (14.78) (28.55) (7.83) (3.79) (6.56) (19.45) (4.44)

TmaRR 133.90 28840  37.9 9.2 252  87.30 2275 4010 1340 42.80 14400 35.10
(14.88) (106.04) (35.59) (5.59) (2.94) (13.38) (33.43) (15.09) (2.31) (7.88) (18.48) (10.35)

TwyMG and TwySP: T. wygodzinskyi from Minas Gerais and Sdo Paulo States; TpsMG, TpsBA and TpsCE: T. pseudomaculata from Minas Gerais,
Bahia and Ceara States; TmaRR: T. maculata from Roraima State. BR = Bristles; TH = thin-walled trichoids; TK = think-walled trichoids and

Bas = basiconics.
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Table 3: Mean number (standard deviation) of sensilla for five types of receptors among the four triatomine populations with sexual
dimorphism (P < 0.01).

P-BAS F1-TH F1-TK F1-BAS F2-TH
Specie
M F M F M F M F M F
49.60 28.60
TwyMG - - - - - - - -
(10.06) (6.65)
66.00 45.60 184.80 218.60 35.40 19.00
TpsBA - - - -
(8.36) (13.88) (19.14) (39.57) (2.70) (8.51)
58.60 43.20 122.20 159.20
TpsCE - - - - - -
(15.58) (10.03) (19.42) (24.52)
5.40 13.00 29.40 50.80
TmaRR - - - - - -
(4.50) (3.74) (13.24) (7.15)

F1-TH= thin walled trichoids on flagel 1; F1-TK= thick walled trichoids on flagel; F1-BAS= basiconics on flagellum 1; F2-TH=
thin walled trichoids on flagellum 2; P-BAS= basiconics on pedicel. Twy= T.wygodzinskyi; Tps= T. pseudomaculata; Tma=

T. maculata. CE= Ceara State, BA= Bahia State, MG= Minas Gerais State and RR= Roraima State.
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Figure captions
Fig. 1: Discriminant analysis based on 5 variables of the antennal phenotype of T.
wygodzinskyi (Twy), T. pseudomaculata (Tps) and T. maculata (Tma). Distances

between the three species are significant (p< 0.01).

Fig 2: Cluster analysis based on Euclidean distances of antennal phenotype (12
variables of T. wygodzinskyi from Minas Gerais State (TwyMG), S&o Paulo State
(TwySP); T. pseudomaculata from Ceara State (TpsCE), Bahia State (TpsBA) and
Minas Gerais State (TpsMG) and T. maculata from Roraima State (TmaRR).

Fig. 3: Hypothesis to explain the phenogram topology of Fig. 2 considering the antennal
phenotype of the Ceara population of T. pseudomaculata to be closer to a hypothetical

common ancestor (CA) of T. pseudomaculata and T. wygodzinskyi.
Fig. 4: Hypothesis to explain the phenogram topology of Fig. 2 considering the antennal

phenotype of the Minas Gerais population of T. pseudomaculata to be closer to a

hypothetical common ancestor of T. pseudomaculata and T. wygodzinskyi.
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Abstract

A geographic distribution analysis of Triatoma pseudomaculata (Tps) and T.
wygodzinskyi (Twy) was carried out. The study was based on biophysics variables
estimated from information provided by the satellite remote sensors AVRHH (Advanced
Very High Resolution Radiometer) and MODIS (MODerate-resolution Imaging
Spectroradiometer). Our goal was to analyze the potential geographic distribution of Tps
and Twy, analysing the performance of three predictive models (one for each species
and one for both species together) based on temperature, vapour pressure deficit,
vegetation and altitude. The analysis of the geographic distribution shows a very good
performance for all models (> 85.7% of overall correct classification of presence and
absence point data). MODIS-based models showed lower correct classifications than
these of AVHRR-based models. The results strongly suggest that the environmental
information provided by the remote sensors can be successfully used in studies on the

geographic distribution of poorly known Chagas disease vector species.

Key words: Triatoma pseudomaculata, Triatoma wygodzinskyi, geographic distribution,

environmental variables, remote sensing, GIS, Chagas disease.

Introduction

Control of Chagas disease by elimination of Triatoma infestans (Klug, 1834)
domestic populations is being successfully pursued in most of the Southern Cone
countries of South America, where this species was considered to be the main vector (1,
2). After Uruguay (1997) and Chile (1999), Brazil is the third country to obtain (June
2006) the certification from the PAHO/WHO (www.paho.org/Spanish/DD/PIN/ps060616.htm)
of having interrupted the vectorial transmission of the agent of Chagas disease
(Trypanosoma cruzi Chagas, 1909) by T. infestans. In most Southern Cone regions,
autochthonous species of Triatominae, originally restricted to wild environments, are
increasingly being reported invading human dwellings and peridomestic structures
where they might act as vectors of T. cruzi (2-5).

Triatoma pseudomaculata Corréa & Espinola, 1964 is the second species (after
Triatoma brasiliensis Neiva, 1911) of epidemiological importance in Northeast Brazil.
Specimens typically inhabit sylvatic and peridomestic environments, but they are

occasionally reported entering human dwellings (6, 7). T. pseudomaculata is considered
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an endemic species of the “caatinga” and “cerrado” biogeographical provinces (following
the biogeographical division previously proposed (8) and has being recorded in the
states of Alagoas, Bahia, Brasilia, Ceara, Goias, Maranhdo, Mato Grosso do Sul, Minas
Gerais, Paraiba, Pernambuco, Piaui, Rio Grande do Norte, Sergipe, and Tocantins (9,
10).

Triatoma pseudomaculata has one related species, T. wygodzinskyi Lent, 1951,
which is distributed in the south of Minas Gerais State (10, 11) and Sao Paulo State
(Carbajal de la Fuente, unpub. data). T. wygodzinskyi does not represent an
epidemiological threat because it is limited to the sylvatic environment. Both species
share strong similarities in the external morphology (12). Evidences about their common
ancestry, belonging to the same evolutionary lineage, have been recently demonstrated
(13, 14). In several studies, T. wygodzinskyi has been misidentified with T. arthurneivai,
another Brazilian sylvatic triatomine. Therefore, previous published data on the ecology
and morphology referred to T. arthurneivai from Sdo Paulo State, corresponds to T.
wygodzinskyi, as showed by results on geometric morphometry of wings and masculine
genitalia (Carbajal de la Fuente et al., submitted). Despite the morphological similarities
and close evolutionary relationships between T. wygodzinskyi and T. pseudomaculata,
their ecological characteristics are markedly different. In sylvatic environment, T.
wygodzinskyi is rupicolous (15-19) while T. pseudomaculata is arboricolous (20, 21).

These species are increasingly studied in their biology, morphology, genetics and
ecology (14), although the knowledge about their geographical distribution is considered
outdated. This fact is dramatically evident in T. wygodzinskyi, a species only known from
very few records in the type locality of Minas Gerais State (11) and from new reports
from Sao Paulo State (Carbajal de la Fuente et al., unpub. data). The last compilation
about the geographical distribution of both species was presented by (10) and the
present paper is the first attempt to produce a predictive study on their distributions.

Studies made by Gorla (22-25) showed that predictive models based on
environmental variables obtained by remote sensors are useful tools to study the
geographic distribution of triatomines. Dumonteil and Gourbiéere (26) produced predictive
models of Triatoma dimidiata (Latreille, 1811) distribution and elaborated risk maps of
Chagas disease for the Yucatan peninsula (México). Cecere et al. (27) studied the
spatio-temporal reinfestation patterns by T. infestans following a blanket insecticide

spraying in the rural community of Amama (Argentina) using a geographic information
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system, satellite imagery, and spatial statistics. Remotely sensed imagery could be used
to carry out a fine temporal quantification of several environmental variables for
particular geographical areas, to obtain a precise characterization of species occurrence
sites and to use this knowledge to make predictions about the potential areas where the
species might be present.

The goal of the present paper was to analyze the potential geographic distribution
of T. pseudomaculata and T. wygodzinskyi, through predictive models built from
information derived from AVHRR and MODIS imagery. The geographic distribution
models were compared among each other to select the best predictive model and

contrasted with the currently known distribution of each species.

Material and methods

Geographic region of study:

The data analysis was carried out within an area defined by the limits 0° N - 30° S of
latitude and 30° W - 60° W of longitude. Field collections of triatomines bugs were
conducted in the Brazilian states of Bahia, Ceara, Minas Gerais, Paraiba, Sdo Paulo
and Tocantins, geo-located using a handheld Garmin™ Legend GPS navigator (Fig. 1).
The species occurrence dataset was constructed by the aggregation of published
reports (1 site for T. wygodzinskyi) and field collections during the present study (61
sites for T. wygodzinskyi and 168 for T. pseudomaculata). The environmental profile
derived for the absence data was obtained from an random selection of points
distributed in the biogeographic provinces of the Chaco- Caatinga- Cerrado corridor
(28), excluding the distributional area proposed for the species by Carcavallo et al. (10).
A random selection of points for the species absence was performed for each one of
three models: Twy, Tps (individual prediction for the distribution of T. wygodzinskyi and
T. pseudomaculata, respectively) and Tps- Twy (both species combined in the same

predictive model).

Environmental variables:

The environmental variables used to characterize presence and absence sites were
estimated from two different types of satellite images, one produced by the AVHRR
(Advanced Very High Resolution Radiometer) onboard the NOAA satellite, and the other

one produced by the MODIS (MODerate-resolution Imaging Spectroradiometer) onboard
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the TERRA (EOS AM) satellite. For the analysis based on the AVHRR imagery, six
environmental variables were used: air temperature (AT), land surface temperature
(LST), mid-infrared radiation (MIR), normalized difference vegetation index (NDVI),
vapor pressure deficit (VP), and land elevation (DEM). The first five variables derived
from a temporal series of monthly images taken between 1982-2000. The images had
8x8 km spatial resolution. The temporal series was analyzed using the temporal
decomposition of Fourier (image products processed by the TALA Research Group,
Oxford University) (29). The decomposition produced a set of 11 descriptive statistics for
each variable: average (A0), minimum (Mn), maximum (Mx), amplitudes and phases of
the annual, bi-annual and tri-annual cycles (A1, A2, A3, P1, P2, P3), the percentage of
the total variance of the three first Fourier components (DALL) and the variance of the
complete series (Vr). The AVHRR imagery plus the land elevation model (DEM)
conformed a set of 56 independent environmental properties for each pixel location (11
statistics for five environmental variables + DEM).

For the analysis based in the MODIS imagery, two environmental variables were
used: land surface temperature (LST) and land elevation (DEM). The first variable
derived from a temporal series of weekly maximum value composite diurnal (D) and
nocturnal (N) images, taken between (January) 2003- (December) 2004. The images
had 1x1 km spatial resolution. Eight descriptive statistics were produced for each
variable: average (AOD, AON, day and night respectively), minimum (MnD, MnN),
maximum (MxD, MxN) and variance (VrD, VrN). The MODIS imagery plus the land
elevation model (DEM) conformed a set of nine independent environmental properties
for each pixel site (eight statistics for the LST series + DEM). The MODIS images were
obtained from the EOS Data Gateway (http://edcimswww.cr.usgs.gov/pub/imswelcome/)

and re-projected to the Latitude — Longitude Geographic Projection System.

The land elevation was obtained from the Digital Elevation Model (DEM) of the
US Geological Service (USGS), with 90 meters of spatial resolution. The DEM resolution
was adjusted to 1 or 8 km depending on whether MODIS or AVHRR imagery was used,

respectively. All image processing was carried out using IDRISI 32 v.14.02.

Data analysis:
Three models of geographical distribution were elaborated for each image type (AVHRR

and MODIS): one model for T. wygodzinskyi (Twy), one for T. pseudomaculata (Tps)
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and one for the two species together (Twy-Tps). All the descriptive statistics were used
in each model. For each model, a stepwise discriminant analysis was performed in order
to estimate the best set of variables that allows the construction of a predictive model to
recognize areas with similar environmental characteristics to the places of presence and
absence of each species. The discriminant analysis was performed with STATISTICA
v.7.0 (StatSoft, Inc. 2000).

Results
T. wygodzinskyi model (Twy)
- AVHRR images

The discriminant analysis selected nine variables (AO, P1, P3, Vr of AT; A0, A1, Vr of
VP; MIRMn and DEM) that classified correctly 99.6% of all absence sites (905/909 points)
and 100% of the 8 presence sites (Wilks’-Lambda: 0.8579; F (9, 907)= 16.68, p<0.0001).
The classification functions and the importance rank of variables based on the standardized
coefficients (taken as indicators of the relative weight) are shown in the Table 1. The
average (AT-AQ) and variance (AT-Vr) of the air temperature and the annual amplitude of
the vapor pressure deficit (VP-A1), were the variables with the highest weight for the
discrimination between the presence and absence sites of the species. Using the model
produced by the discriminant analysis, a map with the predicted distribution of T.
wygodzinskyi was built, showing the absence and presence ranges for the species (Fig.
2a).

- MODIS images

The discriminant analysis selected three variables (DEM, LST-AOD and MnD) as the
best for the description of the geographic distribution of the species. These three variables
classified correctly 98.5% of all absence sites (734/745 sites) and 63.6% of the presence
sites (7/11 sites) (Willk's-Lambda: 0.8905; F (3, 752)= 30.81 y p<0.0001). The classification
functions and the importance rank of variables based on the standardized coefficients are
shown in the Table 2. The land elevation (DEM) showed the highest weight in the analysis,
followed by the average and the minimum of the diurnal land surface temperature (LST-
AOD, MnD). Using the model produced by the discriminant analysis, a distribution map of T.
wygodzinskyi was built showing the absence and presence ranges for the species (Fig. 2

b).
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T. pseudomaculata model (Tps)
- AVHRR images

The discriminant analysis selected 10 variables (P1 of AT; A1, A2, P1, P3, Vr of
NDVI; A2 of VP; AO, Mn of LST and A2 of MIR) and classified correctly 99.10% of all
absence sites (441/445 points) and 85.71% of the presence sites (18/21 sites) (Wilks'-
Lambda: 0.4825, F(10, 455) = 48.78, p<0.0001). The classification functions and the
importance rank of variables based on the standardized coefficient are shown in the Table
1. The total variance of the time series and the bi-annual amplitude of the normalized
difference vegetation index (Vr and A2 of NDVI-) together with the minimum land surface
temperature (Mn of LST) were the variables with the highest discrimination power between
presence and absence sites of the species. Using the model produced by the discriminant
analysis, a distribution map of T. pseudomaculata was built showing the absence and

presence ranges for the species (Fig. 2c).

- MODIS images

The discriminant analysis identified three variables (DEM, LST-AOD and MxN) with
ability to classify correctly 99.5% of all absence sites (384/387 sites) and 78.9% of the
presence sites (30/38 sites) (Willk’s-Lambda: 0.5805; F (3, 421) = 101.39, p<0.0001). The
classification functions and the importance rank of variables based on the standardized
coefficient are shown in the Table 2. The maximum of the nocturnal land surface
temperature (LST-MxN) showed the highest weight, followed by the land elevation (DEM)
and the average of the diurnal land surface temperature (LST-AOD). Using the model
produced by the discriminant analysis, a distribution map of T. pseudomaculata was built

showing the absence and presence ranges for the species (Fig. 2d).

T. wygodzinskyi-T. pseudomaculata model (Twy-Tps)
- AVHRR images

The discriminant analysis selected 12 variables (A0 and P1 of AT-; A2, A3, P3 and
Vr of NDVI-; A2 and P1 of MIR-; A0 and A2 of VP; Mn of LST and DEM) to classify
correctly 97.2% of all absence sites (482/496 points), 87.5% of the T. wygodzinskyi
presence sites (7/8 sites) and 80.9% of the T. pseudomaculata presence sites (17/21 sites)
(Willk's- Lambda: 0.4243; F (24, 1022) = 22.78, p<0.0001). The classification functions and

the importance rank of variables based on the standardized coefficient are shown in the
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Table 1. The average of air temperature (AT-AO) and the bi-annual amplitude of the
normalized difference vegetation index (NDVI-A2) followed by the minimum land surface
temperature (LST-Mn) were the variables with the highest weight to discriminate between
presence and absence sites of the species. Using the model produced by the discriminant
analysis, a distribution map of both T. wygodzinskyi - T. pseudomaculata was built showing

the absence and presence ranges for both species (Fig. 2e).

- MODIS images

The discriminant analysis selected three variables (DEM, LST-AOD and MxN) to
classify correctly 93.3% of all absence sites (369/383 sites), 63.6% of the T. wygodzinskyi
presence sites (7/11 sites) and 78.9% of the T. pseudomaculata presence sites (30/38
sites) (Willk’'s-Lambda: 0.4693; F(6, 854) = 65.41, p<0.0001). The classification functions
and the importance rank of variables based on the standardized coefficient are shown in the
Table 2. The maximum nocturnal land surface temperature (LST-MxN) showed the highest
weight followed by the land elevation (DEM) and the average of the diurnal land surface
temperature (LST-AOD). Using the model produced by the discriminant analysis, a
distribution map of both T. wygodzinskyi - T. pseudomaculata was built showing the

absence and presence ranges for both species (Fig. 2f).

Discussion

The present work compares for the first time predictive models derived from AVHRR
and MODIS imagery in order to identify the potential geographic range of two Chagas
disease vectors species. The comparative analysis between the AVHRR and MODIS
models showed different abilities to classify correctly the species presence/absence sites.
All AVHRR models showed correct classification of presence/absence sites higher than
80%. In the MODIS models, all the correct classification of the presence sites were lower
than the corresponding AVHRR models. The worst model used MODIS imagery for T.
wygodzinskyi and showed only 64% correct classifications (50% would be correctly
classified by chance alone). This low performance could be attributed to the fact that the
MODIS models did not included the AT and VP variables (only LST and DEM), precisely the
variables with highest discrimination power for the presence sites in the AVHRR Twy model.
The predictive map derived from the AVHRR and MODIS for the two species case (Twy-

Tps model), showed very similar equivalent distributional areas of both species. The most
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conspicuous difference was the reduction of the distributional area for T. pseudomaculata in
the MODIS Twy-Tps prediction map (Fig. 2f).

Compared with the AVHRR data, the better 1x1 km resolution of the MODIS imagery
increased the number of presence sites for both species (8 to 11 for T. wygodzinskyi and 21
to 38 for T. pseudomaculata), but this increment was not significant for the model
performance. Contrarily to the expected, higher predictive efficiency of models derived from
the MODIS images with finer spatial resolution, our results show higher reliability for the
prediction models derived from AVHRR images. This could be related more with the higher
number of environmental variables considered in the AVHRR models (56 variables) against
the lower number in the MODIS set (9 variables) than with the different spatial resolution of
each kind of images. Furthermore, it has to be considered that the temporal AVHRR series
(1982/2000) is longer than the temporal MODIS series (2003/2004).

The AVHRR models predict a more extensive geographic distribution for T.
wygodzinskyi than the currently known presence records. The predicted presence is not
restricted only to the Minas Gerais State, but it is also predicted for the States of Sdo Paulo,
Rio de Janeiro, Parana, Santa Catarina and Rio Grande do Sul (Fig 2a). The Twy model
classified correctly 100% of the presence and 99.6% of absence sites and it is considered a
good predictive model. Five of the nine variables in the discriminant model are elevation
and temperature indicators along the “Serra da Mantiqueira” range, over 1000 meters of
altitude. A similar geographic distribution study with T. infestans also showed the AT as one
important variable in the predicted distribution (23). The Tps model derived from AVHRR
images shows a predicted geographic distribution coincident with the distributional areas
proposed by Carcavallo et al. (10). The Tps model predict the existence of T.
pseudomaculata in the States of Alagoas, Bahia, Brasilia, Ceara, Goias, Espirito Santo,
Minas Gerais, Paraiba, Pernambuco, Piaui, Rio Grande do Norte, Maranhdo and Sergipe.
Comparing the predicted distribution with the distribution proposed by (10), the model
increases the presence of this species to the Espirito Santo State but excludes the State of
Mato Grosso do Sul. It is a good predictive model, classifying correctly 85.7 % of the
presence and 99.1% of absence sites.

For T. pseudomaculata, the variables with highest discrimination value between the
presence and absence sites are related to the vegetation (NDVI) and the land surface
temperature (LST). These variables were not discriminated in the Twy model. The total

number of discriminant variables for each model (9 for Twy, 10 for Tps and 12 for Twy-Tps)
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was high when compared with similar studies for T. infestans (24), Rhodnius pallescens, R.
colombiensis and R. ecuadoriensis (30), where six and seven variables were needed
respectively for geographic distribution models that classified correctly >90% of the data
points. This greater number of variables suggests that T. pseudomaculata is not associated
to the studied environmental variables as strongly as T. wygodzinskyi. The models
obtained do not show an evident sympatric area for the studied species. The absence of a
sympatric area and the identification of different environmental variable set to describe the
geographic distribution, suggest that the occurrence of these two species is defined by
different environmental features at the regional scale. An interesting parallel can be made
with the biogeographic provinces of South America proposed by Morrone (8), using
panbiogeographic and cladistic analyses of the entomofauna. Within this biogeographic
context, the predicted distribution of T. pseudomaculata in our study is mainly associated
with the caatinga and cerrado (Fig. 3), the two main Brazilian xerophitic ecosystems. By
contrast, the predicted distribution of T. wygodzinskyi is associated with the Parana Forest
and the Araucaria angustifolia Forest provinces (Fig. 3). The association between T.
wygodzinskyi occurrence and the “forest” biogeographic provinces is not reflected by the
inclusion of the vegetation index in the predicted distribution model, although this could be
related with the rupicolous behavior of the species. This microhabitat preference could be
responsible for the species survival in areas were the original forest was strongly
fragmented or even eliminated. Presence sites included localities with and without forest
cover and this is the probable reason of the low influence of the vegetation variables in the
prediction of the T. wygodzinskyi distribution. This situation does not happen with T.
pseudomaculata. As T. pseudomaculata species is arboricolous in sylvatic ecosystem, the
vegetation cover will necessarily affect its distribution, as the absence of vegetation means
species absence. Gorla (24) showed that a temporal series of NDVI was a good indicator of
the geographic distribution of T. brasiliensis. This species is rupicolous in sylvatic habitats,
and shows a strong association with the xerophitic environment of the caatinga and
cerrado. These two biogeographic areas have a unique vegetational conformation, and it is
possible that the remotely sensed vegetation variables reflect the species spatial
delimitation and can be considered good indicators for the distribution of the two species.
Although the derived distribution maps for T. pseudomaculata and T. wygodzinskyi
did not consider important species features such as the dispersal capability, inter-specific

competition and micro-environmental conditions, the predicted occurrence areas were
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highly congruent with the existing presence data of the two species. This result strongly
suggests that the environmental information provided by the remote sensors may be
successfully used in predictive studies about the geographical distribution of Chagas
disease vectors. The improvement of the reliability of the geographic distribution models will

need a validation over the predicted occurrence areas for both species, not studied so far.
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Table 1: Standarized coefficients of the discriminant functions and coefficients of the presence/ absences classifications sites for each AVHRR
model. SC= Standarized Coefficients; AF= Absent function; PF= Presence function; AT= Air Temperature; VP= Vapor Pressure deficit; NDVI=
Normalized Difference Vegetation Index; LST= Land Surface Temperature; MIR= Mean of the Infrared Radiation; DEM= land elevation. AO=
Average; A1, A2 and A3= Amplitudes of the 1, 2, 3-annual cycles; P1, P3= phase of 1, 3-annual cycles; Vr= Variance; Mn= minimum.

*Variables weight.

. - Twy model Tps model Twy-Tps model
Variable  Statistic ——g= AF PF SC AF PF SC AF PF (Twy) __PF (Tps)
A0 24406™ 1043087  103.8041 02525  -0.8616 08917 05373 733616 73.0576  73.2016
AT P1 0.4215  -0.6096 -0.5608 ) - - 03286  -36850  -36395  -3.7197
P3 0.3255 6.5542 6.6856 ; ; ] - - - -
Vr  -1.5905**  112.5461  112.0063 ; ; : : ; ; ;
A0 0.8257  -2.2852 22798 - - - 03243 15097 15054  -1.5068
P Al 09072 00758 0.0838 - - - - - - -
A2 i - - 04256  -0.6551 -0.6364 04013  -05383  -0.5324  -0.5201
Vr 0.8603  -7.6011 -7.5734 ] : - - - - -
Al - n : 206202 -2.8667 2.9795 - - - -
A2 ] ] ] 1.0380%  1.7393 14084  -0.7934*  -6.6539  -6.6243  -6.8982
A3 ] ] ] i - ) 0.2821 3.7671 3.6670 3.9350
NDVI P1 ] ] ] 05176 0.6131 0.3842 ) - - -
P3 ] ] ] 0.3833 25140 27744 04109  3.7751 3.7714 4.0498
vr . . . 10708 5 1220 0.2312 04470 05868 0.5811 0.6321
- A0 - - - 204229  8.1189 8.0375 - - - -
Mn ; : ; 0.9476*  0.0833 02258 08982 -19.7272  -19.6714  -19.5888
A2 - - - 04558  1.5685 21752 03086  37.8825 375940  38.2524
MIR P1 ] ] ] - - ; 0.3437  9.9216 9.9054 10.0070
Mn 04962  -5.7836 -5.7005 ; ; ; . ] - .
DEM 0.1876 2.2183 2.2216 - - - 200026 0.7474 0.7575 0.7483
Constant - 148729.6719 1474731406 - -12480.2002 -12671.9893 ~ 80841.1719 -80107.1484 -80812.0703
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Table 2: Standarized coefficients of the discriminant functions and coefficients of the presence/ absences classifications sites for each
MODIS model. SC= Standarized Coefficients; AF= Absent function; PF= Presence function; AOD= Diurnal Average; MnD= Minimum

Diurnal; MxN= Maximum Nocturnal; DEM= land elevation.

Twy model Tps model Twy- Tps model
AF PF SC AF PF SC AF PF (Twy) PF (Tps)
AOD -0.3615 3.5680  3.1995 -0.4992 34.052 4.004 -0.5178  3.4383 3.0000 4.0400
MnD -0.2009 0.2315  0.0948 - - - - - - -

Variable Statistic

LST
MxN - - - -1.0415 8.8724 10.3094 -1.0136  8.9740 9.3816 10.4289
DEM 0.8541 0.0095 0.0193 -0.7807 0.0641 0.0735 -0.7008  0.0647 0.0785 0.0743
Constant - -568.2271 -56.6870 - -160.8798 -220.6814 - -162.6489 -223.0338 -172.7599
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Figure captions

Fig. 1: Map showing the collecting sities: 1= Sobral, CE; 2= Bom Jesus, PB; 3= Curaca,
BA; 4= Itaberaba, BA; 5= Senhor do Bom Fim, BA; 6= Peixe, TO; 7= Itaobim, MG; 8=
Santa Rita de Caldas, MG; 9= Vargem Grande do Sul, SP; 10= ltuparanga, SP; CE=
Ceara State; PB= Paraiba State; BA= Bahia State; MG= Minas Gerais State; SP= Séao

Paulo State.

Fig. 2: Presence and absence areas of Triatoma wygodzinskyi and T. pseudomaculata
for each three models proposed: Twy (a, b), Tps (c, d) and Twy-Tps (e, f). The areas
were predicted analyzing AVHRR (a, ¢, e) and MODIS (b, d, f) images. The known
distribution of T. wygodzinskyi (after Carcavallo et al., 1997 and Forattini et al., 1972) is
represented by a black polygon (a, b). The known distribution of T. pseudomaculata

(after Carcavallo et al., 1997) is represented by a white polygon (a, b).
Fig. 3: Predicted distribution of T. wygodzinskyi and T. pseudomaculata (AVHRR

images, Twy-Tps model) in the context of Morrone (2006) biogeographic provinces. Ca=

caatinga, Ce= cerrado, PF= Parana forest, AaF= Araucaria angustifolia forest.
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Abstract

The present paper reports for the first time the capture of wild Triatoma
brasiliensis and Triatoma pseudomaculata by means of light-traps in Brazil. We tested
commercially available lighting devices powered by batteries to attract the bugs to a
white piece of cloth in the field. Two main findings showed to be significant: first, the
results presented here show that light traps can be used for sampling these species in
wild environments; second, they reveal that house colonization by triatomines may also
happen as a consequence of the arrival of flying sylvatic bugs guided by artificial light
sources. In addition, we discuss the effect of some environmental and biological factors

on triatomine flight activity modulation.

Key words: Light traps; Flight; Sampling; Northeastern Brazil.

Introduction

Triatomine bugs are vectors of Trypanosoma cruzi Chagas, 1909, the etiological
agent of Chagas disease. Currently, approximately 120 million people are exposed to
infection in Latin America and 16-18 million are effectively infected with this parasite
(TDR, 2002). There are more than 130 species of triatomine bugs described, and most
of them feed on endothermic animals. Some of these species are closely related to
human dwellings, and, therefore, they become epidemiologically important to man. On
the other hand, most triatomines species are strictly sylvatic, almost with no contact with
humans. Between these two opposite situations, there is a continuous gradient for other
species sharing features of both groups (Schofield, 1994). This is the case of Triatoma
brasiliensis Neiva, 1911 and Triatoma pseudomaculata Corréa & Espinola, 1964, the
two main vector species found in north-eastern Brazil. T. brasiliensis is typically found in
rock piles, in association with mammals and reptiles, and T. pseudomaculata is
commonly found inhabiting hollow trees associated with birds (Carcavallo et al., 2000;
Dias-Lima et al., 2003).

The predominant landscape in our study area is the "caatinga", characterized by
the presence of the catingueira tree (Caesalpinia pyramidalis) in the northeastern
Brazilian region. This dominant vegetal species is distributed in rocky mountain ranges
sparsely emerging from flat areas. Two different weather patterns can be described for

this region: a remarkably hot and dry climate, that extends from May to the beginning of
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December; and intermittent rains throughout the rest of the year. As a consequence,
there are many differences regarding foliage abundance and, therefore, host availability
for the insects. As for the two Chagas disease vectors under study, T. brasiliensis is
mostly found in the rocky mountain ranges, while T. pseudomaculata is more abundant
in the flat areas of “caatinga”.

Flight is one of the main mechanisms involved in long-distance movements in
insects. The dispersal of either food or mate may be considered as the fundamental
phenomena that induce them to fly. Nutritional (Lehane et al., 1992, McEwen and
Lehane, 1993) and reproductive (McEwen and Lehane, 1994) status, as well as
population density (McEwen et al., 1993) and environmental conditions, such as
temperature (Lehane et al., 1992, Schofield et al., 1992), are factors known to modulate
the flight activity in triatomines. Although triatomines are predominantly walking insects,
colonization of new habitats seems to occur by flight and/or by passive dispersal
(Forattini, 1979). Flight may be an important factor to colonization of new houses not
only by domiciliated species but also by wild species. Light could make human dwellings
more attractive to these bugs, but few reports on light-traps captures have supported
this presumption (Tonn et al., 1978, Schweigmann et al., 1988, Wisnivesky-Colli et al.,
1993, Noireau and Dujardin, 2001, Vazquez-Prokopec et al., 2004).

In this work, we analyzed whether T. brasiliensis and T. pseudomaculata can be

captured in the field using light traps.

Material and Methods

The collecting area is located near Curaca, Bahia State (S 8°57° W 39°49’; 500
m.a.s.l.), northeastern Brazil, in the caatinga region. In this area, natural colonies of both
T. brasiliensis and T. pseudomaculata had been previously found by Dias-Lima et al.
(2003). A number of 15 light traps were set at two different sylvatic locations: a plain
zone with arboreal vegetation (site a: 9 traps) and; a pile of rocks on a foothill (site b: 6
traps). One light trap was operated during 15 nights in three different periods (November
2001, November 2003 and May 2004, see Table).

Two different battery-powered lighting devices were used: i) an ATOMLUX 2050
Solar Design for four nights (2001 campaign) and; ii) a Coleman 5359 Series (lamp
HF/ED n.13 Watts/6500K°) for 11 nights (2003 and 2004 campaign). The trap

arrangement consisted of two pieces of white cloth (3 x 2 m), one vertically extended
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and the other laid on the ground in order to prevent specimens from falling onto the
ground when flying against the vertical cloth. The trap system was illuminated by the
lighting device set one meter away from the cloth and one meter above ground. The
whole device was mounted in daylight and the lights were turned on thirty minutes
before sunset. If there was no triatomine captures after a period of approximately one
hour, traps were inactivated, i.e., lights were turned off.

All the triatomines that flew into or around the trap were caught with a forceps and
collected in vials. Upon arriving in the laboratory, the species and sex of each individual
were identified and recorded. Daily prevailing weather conditions during the sampling
period were noted down, as well as the presence or absence of moonlight. Wind
intensity was evaluated visually. A lack of movement of the trap cloths and the leaves in
the surrounding vegetation was considered as "no wind". An intermediate situation was
that in which the cloths and leaves moved slightly. For a single night, in which the clots
were permanently inflated by the predominant air current, strong wind conditions were

recorded.

Results

Triatomines reached light traps in 73% of the nights (11/15). The table shows the
total number of captures, dates, sites, species and sex. T. pseudomaculata showed to
be the most predominant bug species collected and T. brasiliensis represented one third
(8/24) of the total number captured bugs. Additionally, a Panstrongylus lutzi male
specimen was captured. No significant differences were observed concerning the sex
ratio of the collected insects belonging to both species (Table). Differences were
observed between the number of captures performed during the dry (November 2001,
2003) and humid (May 2004) seasons. More insects were collected during the former
(1.9 insects/night) than during the later (1 insect/night). According to our visual
evaluation, all the triatomines collected showed to have flat abdomens characteristic of a
fasting status.

The sites chosen for setting up the traps affected the ratio of species captured
(Table, Figure). When traps were laid on the plain caatinga, most triatomines captured
were T. pseudomaculata, whereas T. brasiliensis was found in a higher proportion on
the foothill.
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Discussion

Our data suggest that T. brasiliensis and T. pseudomaculata are attracted by
light. Thus, light traps can be used for sampling purposes, allowing the capture of live
wild triatomines for laboratory study. The frequency of arrivals observed with these
triatomine species was similar to that reported by Noireau et al. (2000) using light traps
for capturing Triatominae. On the other hand, captures were scarce if compared with
those of Triatoma protracta, Triatoma sordida and Triatoma guasayana in other studies
(Sjogren and Ryckman, 1966, Noireau and Dujardin, 2001).

The arrival of wild triatomine adults to our light-trap suggests that light sources
may enable bugs to colonize dwellings. If houses with artificial light were located at such
capturing sites in the caatinga, one could expect that approximately 1.7 triatomines
would reach these houses every night (88% being T. pseudomaculata). Because the
sampling sites were located at least two km away from the nearest dwellings, it is likely
that the insects captured were sylvatic. All of them were apparently in a fasting status,
and T. brasiliensis, particularly, seemed to be very active at the time of their capture and
motivated for feeding (they spontaneously extended their proboscis when captured).

The Triatominae fauna of the surrounding areas, where light trap surveys were
carried out, was studied by Dias-Lima et al. (2003), showing that out of 58 trees
investigated by means of live bait traps, 43.1% were positive for T. pseudomaculata and
none for T. brasiliensis, which was the prevailing species found among rocks. One adult
specimen of P. lutzi was also collected in a rocky shelter. Our results confirm that each
species prefers different sylvatic habitats (see Figure). Because the two different
collection habitats were approximately 500 meters apart and presented an altitude
difference of approximately 60 meters, we suggest that the effective range of light traps
is a few hundred meters away from the actual collection sites. This resembles the results
obtained by Vazquez-Prokopec et al. (2004) with Triatoma infestans.

Some literature data (McEwen and Lehane, 1994, Lehane et al., 1992) suggest
that the active process of colonization occurs by flying gravid starved females. Our
survey suggests that both males and females of the species under study are equally
motivated to approach light sources, as recently showed by Minoli and Lazzari (2006) in
laboratory assays conducted with Triatoma infestans and Rhodnius prolixus. The arrival
of individuals of both sexes to houses as a response to light sources would facilitate the

establishment of new domestic colonies.
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The light trap success in collecting bugs during the two different survey periods
(dry season, November, and humid season, April) contrasts with the collecting results by
dissection of dead trunks when performed simultaneously (Carbajal de la Fuente et al.,
in prep). The proportion of T. pseudomaculata adults collected in the trunks in November
was lower compared to that observed in April. A low number of adults and small nymphs
are normally captured during the dry season through habitat dissection, but figures
change drastically as many well fed larger nymphs and adults are found inside tree-logs
during the wet season. This dramatic difference with the captures of flying adults may
mirror a modification of the nutritional status of insects between these two opposite
environments. Therefore, our data may indicate that adult triatomines can fly more
frequently in search for food sources during the dry season.

This work contributes to understand the dispersal mechanisms used by two
epidemiologically important triatomine bugs, demonstrating that they can disperse by
flight. Moreover, it shows that light from dwellings affects the orientation of these bugs
during flight. We show here that T. brasiliensis and T. pseudomaculata are able to
actively invade human houses with light sources. Finally, this report presents relevant
information for Chagas disease control programs and scientists studying these
triatomines, since it demonstrates that light traps can be employed as adult

sampling/monitoring tools in this region.

Acknowledgements

The authors thank Dr. Liléia Diotaiuti for supporting field work by S. Minoli. We
are indebted to the anonymous referees for help to improve the manuscript. This
investigation received financial support from the IRD, UNDP/World Bank/WHO Special
Programme for Research and Training in Tropical Diseases (TDR), CONICET,
Universidad de Buenos Aires and FIOCRUZ. A.L.C.F by scholarship from the program
CAPES/CNPq - IEL Nacional, Brazil.

105



References

Carcavallo, R.U., Giron, I.G., Jurberg, J., Lent, H.; 2000. Atlas of Chagas disease vectors in
the Americas. In: Editora Fiocruz, Rio de Janeiro, Vol. 2 pp. 561-600

Dias-Lima, A.G., Menezes, D., Sherlock, |. and Noireau, F.; 2003. Wild habitat and related
fauna of Panstrongylus lutzi (Reduviidae, Triatominae). J. Med. Entomol. 40,
989-990.

Forattini, O.P, Ferreira, O.A., Silva, E.O and Rabello, E.X.; 1979. Aspectos ecoldgicos da
tripanossomiase americana. XV — Desenvolvimento, variagdo e permanéncia
de Triatoma sordida, Panstrongylus megistus e Rhodnius neglectus em
ecotopos artificiais. Rev. Saude Pub. 13, 220-231.

Lehane, M.J., McEwen, P.K., Whitake,r C.J. and Schofield, C.J.; 1992. The role of
temperature and nutritional status in flight initiation by Triatoma infestans. Acta
Tropica 52, 27-38.

McEwen, P.K. and Lehane, M.J.; 1993. Factors influencing flight initiation in the triatomine
bug Triatoma sordida (Hemiptera: Reduviidae). Insect Sci. Applic. 14, 321-325.

McEwen, P.K. and Lehane, M.J.;1994. Relationship between flight initiation and oviposition
in Triatoma infestans (Klug, 1834) (Hemiptera., Reduviidae). J. Appl. Ent. 117,
217-223.

McEwen, P.K., Lehane, M.J. and Whitaker, C.J. ;1993. The effect of population density on
flight initiation in Triatoma infestans (Klug, 1834) (Hemiptera, Reduviidae). J.
Appl. Ent. 116, 321-325.

Minoli, S. and Lazzari, C.; 2006. Take-off activity and orientation of triatomines (Heteroptera:
Reduviidae) in relation to the presence of artificial lights. Acta Tropica 97, 324-
330.

Noireau, F. and Dujardin, J.P.; 2001. Flight and nutritional status of sylvatic Triatoma
sordida and Triatoma guasayana. Mem. Inst. Oswaldo Cruz. 96, 385-389.

Noireau, F., Flores, R., Gutierrez, T., Abad-Franch, F., Flores, E. and Vargas, F.; 2000.
Natural ecotopes of Triatoma infestans dark morph and other wild triatomines in
the Bolivian Chaco. Transactions of the Royal Society of Tropical Medicine and
Hygiene, 94, 23-27.

Schofield, C.J.; 1994. Triatominae: biology and control. In: Eurocommunica Publications
(Ed)., West Sussex, U.K., pp. 80 pp.

106



Schofield, C.J., Lehane, M.J., McEwen, P.K., Catala, S.S. and Gorla D.E.; 1992. Dispersive
flight by Triatoma infestans under natural climatic conditions in Argentina. Med.
Vet. Entomol. 6, 51-56.

Schweigmann, N.J., Vallvé, S.L., Muscio, O., Ghillini, M., Alberti, A. and Wisnivesky-Colli C.;
1988. Dispersal flight by Triatoma infestans in an arid area of Argentina. Med.
Vet. Entomol. 2, 401-404.

Sjogren, R.D. and Ryckman, R.E.; 1966. Epizootiology of Trypanosoma cruzi in
southwestern North America. . Nocturnal flights of Triatoma protracta (Uhler) as
indicated by collections at black light traps (Hemiptera: Reduviidae:
Triatominae). J. Med. Entomol. 3, 81-92.

TDR; 2002. site: http://www.who.int/tdr/diseases/chagas/files/chagas-poster.pdf.

Tonn, R.J., Espinola, H., Mora, E. and Jiménez J.E.;1978. Trampa de luz negra como
método de captura nocturna de triatominos en Venezuela. Boletin de la
Direccion de Malariologia y Saneamiento Ambiental. 18, 25-30.

Vazquez-Prokopec, G.M., Ceballos, L.A., Kitron, U. and Gurtler, R.E.; 2004. Active dispersal
of natural populations of Triatoma infestans (Hemiptera: Reduviidae) in rural
northwestern Argentina. J. Med. Entomol. 41, 614-621.

Wisnivesky-Colli C., Gurtler R.E., Solarz N.D., Schweigmann N.J., Pietrokovky S.M., Alberti
A., Flo J.; 1993. Dispersive flight and house invasion by Triatoma guasayana

and Triatoma sordida in Argentina. Mem. Inst. Oswaldo Cruz 88, 27-32.

107



Table: Triatomines captured by means of battery-powered light traps in Curaca, Bahia State,
Brazil. Insects were collected in wild environments during November 2001,
November 2003 and April 2004. Capture sites corresponding to a) “caatinga” plain; b)

rock piles on ridges of foothills. * a male of Panstrongylus lutzi was captured.

Triatoma brasiliensis  T. pseudomaculata

Date Site Wind Moon
Males Females Males Females
b 2 1 1 weak no
November b - 1 - - weak no
2001 b - - - - strong no
b 1 1 - 1 weak no
a - - - - none no
a 1 - 2 1 weak no
November a - - 1 1 intermediate no
2003 a - - 1 - none no
a - - 1 1 intermediate no
a - - - 2 weak no
a - - - 1 intermediate no
a - - - 1 intermediate no
April 2004  b* - - - - strong no
a 1 - 2 - weak cloudy
- - - - weak yes
Total 5 3 7 9
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Figure caption

Figure 1: Percentage of triatomines of each species captured with light traps at each
of the two wild environments of Curaca, Bahia State, Brazil.
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ABSTRACT

Triatoma pseudomaculata Corréa and Espinola, 1964 and Triatoma juazeirensis
Costa and Felix, 2007 (= T. brasiliensis Neiva, 1911 [part]), are sylvatic vectors of
Trypanosoma cruzi (Chagas, 1909), the causative agent of Chagas disease, in
northeast Brazil — especially in the caatinga region. In an area of caatinga in the State of
Bahia, we compared the wild and peridomestic habitats of these two species of
Triatominae in order to assess their behavioural plasticity in relation to habitat selection
in different environments. In the sylvatic environment, the habitat of these two species is
never shared. T. pseudomaculata is found in trees and bird nests, but without apparent
preference for any particular tree species. By contrast, T. juazeirensis is exclusively
rupicolous (found amongst rocks). Both species invade peridomestic structures, but do
not display significant ability to colonize human dwellings. In the peridomestic area, they
are highly adaptable to different habitats and can occupy substrates that they do not
colonize in sylvatic environment. This behavioural plasticity seems to be more striking in
T. juazeirensis — rupicolous in sylvatic environments, but colonising wooden structures in

the peridomicile in more than 80% of cases.

KEY WORD: Triatoma pseudomaculata, Triatoma juazeirensis, sylvatic environment,

peridomicile, Brazil.

Introduction

In many Southern Cone regions, autochthonous species of Triatominae, originally
restricted to a wild environment, are increasingly reported to invade human dwellings
and peridomestic structures where they might act as vectors of Trypanosoma cruzi,
causative agent of Chagas disease. This is the case for Triatoma pseudomaculata

Corréa & Espinola, 1964, and Triatoma brasiliensis Neiva, 1911, both native of
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xerophitic ecosystems in northeastern Brasil. Their geographical ranges overlap in the
State of Bahia, and both are reported to invade and colonize man-made structures,
mainly the peridomicile (Silveira & Vinhaes, 1998; Dias et al., 2000).

T. pseudomaculata often invades peridomestic structures but does not display a
significant ability to colonize human dwellings, even though large domestic colonies
have been reported in urban areas of Sobral, Ceara (Souza et al., 1999) and Berilo,
Minas Gerais (Assis et al., 2006). Reports on its sylvatic habitat are scarce. According to
Barretto (1967), T. pseudomaculata occurs in hollow trees and rock cavities where it
feeds on rodents and marsupials.

By contrast, T. brasiliensis seems to represent at least four forms
constituting the T. brasiliensis species complex (Costa, 1999; Monteiro et al., 2004).
One of these, found in the State of Bahia, was recently described as T. juazeirensis
Costa & Felix, 2007. However, Costa (1999) and Costa et al. (2003) suggested that the
northern population (brasiliensis s.s.) would be most important epidemiologically,
because of its widespread distribution (Ceara, Maranhdo, Paraiba, Piaui and Rio
Grande do Norte), highest T. cruzi infection rate (15%) and the ability to colonize
domestic ecotopes.

The objective of the present work was to compare the wild and peridomestic
habitats of T. pseudomaculata and T. juazeirensis, in order to assess their behavioural
plasticity as related to habitat selection in different environments, and to understand

their natural ecology in relation to their process of domestication.
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Material and methods
Study area

Curacga (287 masl; 08°58'’S, 39°53’'W) is a rural district of Bahia State, Brazil. It is
located near the Sdo Francisco River, in a region of caatinga, a set of xerophytic
formations located in Northeast Brazil and characterized by the fall of leaves during the
dry season and the abundance of cacti and bromeliads (Forattini, 1980; Emperaire,
1986). The climate is semiarid and presents two seasons: dry from April to October, and
rainy from November to March. Mean temperatures range between 24°C and 29°C, and
the mean annual precipitation is 300 mm. The sylvatic environment investigated displays
a diversity of flora associated with the range of human intervention. It is covered by
scattered or dense vegetation (elevation 3-6 m) dominated by Caesalpinia pyramidalis
Tul, locally known as “catingueira”. Thorn shrubs, cacti, and bromeliads predominate at
the lowest strata. In places, the plain overlaps with large rocky formations consisting of
quartzite, and the elevation is generally lower than 100 meters. Rural houses tend to be
isolated, but sometimes grouped in small settlements. Houses are made of brick or mud.
The peridomestic structures are often extensive, and usually include various animal
enclosures fenced in with sticks, shelters for chickens, material for building (tiles and
bricks) and woodpiles. Some trees, in which chickens frequently roost, are located in the
peridomestic area. Natural rockpiles are often close to the houses. The main activity of
the human population is livestock farming (principally goats and sheep); during the dry
season, livestock are usually allowed to roam throughout the surrounding areas, but

during the wet season they are kept in enclosures at night.
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Collection of triatomines in sylvatic environments

Insect collections were carried out from 2001 to 2004 during the dry and rainy
seasons. Various potential habitats were searched for the presence of Triatominae in
sylvatic areas in the Curacga district. Mouse-baited Noireau traps (Noireau et al., 1999)
were used to capture insects living in hollow trees and rocks. Some birdnests, built
principally by Dendrocolaptidae and Furnariidae and located in cactus “mandacaru”

(Cereus jamacaru DC) or any tree, were also dissected.

Collection of triatomines in peridomestic-domestic environments

In June and July 2003, 58 domiciliary units (DU, constituted by the intradomicile
and the peridomicile) were investigated. They were randomly selected from a wider
sample of 136 houses previously mapped and studied (Walter et al., 2005). All potential
vector habitats were located on a map and described according to a standardized
questionnaire. A 2-3 hour search for bugs was conducted in and around the domicile by
two inspectors. The peridomestic area was defined as all natural or artificial structures
used more or less daily by farmers or domestic animals, without the limitation of distance
from the house. Inside this area, all potential habitats for Triatominae were examined.
They were classified according to substrate: baked clay for construction material (tile
and brick) and wood, including stick fences, trees and bird-nests. Animals present in

domiciliary units were noted.

Processing of insects
Triatominae were placed in labelled plastic bags according to the capture site and

transported to the laboratory. Species were identified according to Lent and
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Wygodzinsky (1979) and, for T. brasiliensis, according to the chromatic patterns

described by Costa et al. (1997).

Statistical analysis

Chi-square (x?) test with Yates correction was used to compare distributions
between several categories. Mann-Whitney non-parametric test was used to compare

median values from different categories.

Results
Wild environments

From a total of 599 trees investigated, 129 (21.5%) were infested with
Triatominae. T. pseudomaculata was the only species collected, and was mainly
represented by nymphs (95.0% of 222 Triatominae collected). Triatomine burden per
positive tree was very low (medians equal to 1 or 2). Some of the investigated trees
were taxonomically identified. Infestation rate of T. pseudomaculata according to the

tree species is shown in the Figure. All tree species were found infested when several (>

10) were investigated, and their infestation rates were not significantly different (x* test
df=8, P=0.38). In C. pyramidalis, the most common species in the region, the T.
pseudomaculata infestation rate detected by trapping was 23.3%.

We also searched for Triatominae in nests or shelters of small mammals located
between or under the rocks. From a total of 307 traps placed in rocky ecotopes, 59
(19.2%) collected Triatominae. Except for one adult Panstrongylus lutzi (Neiva & Pinto,
1923), T. juazeirensis was the only species collected from amongst rocks, and, as with

T. pseudomaculata, most were nymphal stages (100/103).
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We dissected 66 birdnests located in “mandacaru” cactus or in trees. In these,
Rhodnius neglectus Lent, 1954 (n=66) was more frequently found than T.
pseudomaculata (n=38) in nests built in mandacaru (19% and 38% of the 21 nests were
positive for each species, respectively). The 45 birdnests in trees showed similar
infestation rates with T. pseudomaculata and Psammolestes tertius Lent and Jurberg,
1965 (13.3% vs. 11.1%, respectively). None of these Triatominae captured in sylvatic

environments was infected with T. cruzi.

Peridomestic environments

From a total of 576 triatomine bugs collected in peridomestic structures, 408
were T. juazeirensis (155 adults and 253 nymphs) and 168 were T. pseudomaculata
(42 adults and 126 nymphs). Some specimens of P. tertius (n=33) and R. neglectus
(n=6) were also collected in birdnests from trees located in the peridomestic area. None
of the collected Triatominae was infected with T. cruzi. From 58 peridomiciles
investigated, 42 (72.4%) were positive for triatomine bugs. T. juazeirensis was found in
30 (51.7%), T. pseudomaculata in 31 (53.4%), P. tertius in 8 (13.8%), and R. neglectus
in 5 (8.6%) of the peridomestic areas. From a total of 489 potential peridomestic
habitats investigated, 108 (22.1%) were positive for Triatominae. Fifteen positive
ecotopes (two chicken coops and 13 corrals) contained both species (13.8%). The
comparative distribution and abundance of T. juazeirensis and T. pseudomaculata in

peridomestic ecotopes are shown in Table 1. T. juazeirensis and T. pseudomaculata

showed similar infestation rates in all ecotopes surveyed (x? test df=1, P>0.05). Both

species were found in all ecotopes, except for birdnests where T. juazeirensis was

absent. A dismember %? test applied to T. juazeirensis showed two groups of ecotopes
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with significantly different proportions of infestation (P<0.05): corrals and roofed corrals
vs. the remaining ecotopes. For T. pseudomaculata, two groups of ecotopes were
significantly different: corrals, artificial chicken coops, fowl trees and bird nest vs. the
remaining ones (P<0.05). Concerning the median catches for each species, the only
significant difference between species was found for corrals where the T. juazeirensis
colonies were larger (Mann-Whitney test df=1, P=0.01). Stick fences, fowl trees and
piles of bricks were the ecotopes with the largest T. juazeirensis colonies, whereas only
the pile of tiles had a high apparent density of T. pseudomaculata.

A total of 348 ecotopes associated with domestic animals were surveyed. The
comparative distribution and abundance of T. juazeirensis and T. pseudomaculata as
related to the animal host are shown in Table 2. Both species showed similar qualitative
and quantitative association with all animals except the goat. Colonies of T. juazeirensis

were larger than those of the other vector in ecotopes related to goat (Mann-Whitney

test df=1, P=0.01). A dismember %? test applied to T. juazeirensis showed two groups of
animals according to their association with the vector: pig, cow and goat vs. the
remaining animals (P<0.05; Table 2). On the other hand, no animal or group of animals
was significantly more associated with T. pseudomaculata. The relationship between the
presence of both triatomine species and the material forming the peridomestic structures
is shown in Table 3. Three sorts of material were considered: wood, baked clay (tiles

and bricks), and a mixture of both. T. juazeirensis and T. pseudomaculata showed

similar infestation rates regardless of the material (x? test df=1, P>0.05). In contrast,

colonies of T. juazeirensis were larger in wood than those of T. pseudomaculata (Mann-

Whitney test df=1, P=0.04).
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Table 4 shows comparative habitat associations of T. juazeirensis and T.
pseudomaculata, in the different environments. In peridomestic environments, T.
juazeirensis was mainly associated with wood ecotopes, whereas, in a sylvatic

environment, it was never found associated with such ecotopes. Conversely, T.

pseudomaculata was less associated with wood in the peridomestic environments (2

test df=1, P<0.001).

Domestic environments

Sixteen of the 58 houses (27.6%) contained indoor Triatominae. From a total of
17 triatomine bugs collected indoors, 14 were T. juazeirensis (all adults), whereas the
remaining two were T. pseudomaculata (one adult) and P. lutzi (one adult). None of the

collected triatomines was infected with T. cruzi.

Discussion

T. juazeirensis and T. pseudomaculata are native species of the caatinga. Both
species are considered to be Chagas disease vectors of regional importance (Silveira &
Vinhaes, 1998; Dias et al., 2000; Diotaiuti et al., 2000; Costa et al., 2003).

Our observations on the occurrence and abundance of T. juazeirensis and T.
pseudomaculata in sylvatic environments were based on trapping. The baited trap used
has proved to be effective for detecting Triatominae in terrestrial and arboreal habitats
(Noireau et al., 2002). Nevertheless, because the trapping system is likely to attract and
capture starved bugs, it presents a quantitative and qualitative bias. So, the detection of
triatomines depends on the occurrence/abundance of blood resources. Moreover, the

observed stage structure of the population may be biased. In contrast to nymphal
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instars, adults are able to disperse by flight until they find a blood source. This probably
explains the small number of adults captured by our trapping system. Nevertheless, our
results clearly show isolation between T. juazeirensis and T. pseudomaculata in sylvatic
environments. T. juazeirensis, as well as the other melanic forms of the T. brasiliensis
complex, is exclusively found in rocky habitats (Costa et al., 1998; Dias-Lima et al.,
2003). On the other hand, T. pseudomaculata is an arboricolous species, found in
hollow trees and bird nests. With regard to this species, our results disagree with
previous work that also reported the occurrence of T. pseudomaculata in rock cavities
(Barretto, 1967). In relation to its propensity for colonizing a particular tree, T.
pseudomaculata does not exhibit a restricted association with one (or some) tree
species. It can be found in any tree of the caatinga, including the predominant species
C. pyramidalis. T. pseudomaculata, P. tertius and R. neglectus were the three species
collected in birdnests. As pointed out by Dias-Lima et al. (2003) and Emperaire &
Romana (2006), an association exists between the cactus Cereus jamacaru in
peridomestic environments and the occurrence of bird nests infested with R. neglectus.
Study of the dispersal flight of T. juazeirensis and T. pseudomaculata showed
that light affects the orientation of bugs, which can actively invade human dwelling
containing a light source (Carbajal de la Fuente et al., 2007). Once in the peridomicile,
both species invade and colonize different ecotopes, with the exception of birdnests
mainly occupied by Furnariidae, where T. juazeirensis is never found. However, both
species showed a marked preference for structures made of wood. This observation
differs from Sarquis et al. (2006) who suggested that in Ceara, T. brasiliensis and T.
pseudomaculata tend to colonize peridomestic ecotopes similar to their original habitat.
We found a significant association between the structures frequented by goats

(principally corrals) and the occurrence of T. juazeirensis. Walter et al. (2005) had
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previously pointed out such an association. The fact that goats climb and rest on the
rocky formations, which provide hiding places for T. juazeirensis, suggests a close
association with goats in the sylvatic environment, and suggest a possible mechanism
for passive transportation of T.juazeirensis to peridomestic structures.

Our results also suggest behavioural plasticity both in T. juazeirensis and T.
pseudomaculata, that allows occupation of peridomestic materials that they do not
colonize in sylvatic environments. This plasticity seems more marked in T. juazeirensis,
which leaves a rupicolous habitat in sylvatic environments for colonizing, in the
peridomicile, wood material in more than 80% of cases.

Records based on domiciliary captures of T. brasiliensis s.l. in the different states
of northeast Brazil emphasize that Ceara, Paraiba and Piaui are the States where
indexes of colonization are the highest (Costa et al., 2003). However, the form found in
these three states is T. brasiliensis s.s. (Costa et al., 2002; Monteiro et al., 2004). By
contrast, the epidemiological role of T. juazeirensis, which occurs in a more restricted
ecological zone than T. brasiliensis s.s. (Costa el al., 2002), is questionable. Our survey
shows that this species, as well as T. pseudomaculata, is not commonly found entering
human dwellings and is not infected with T. cruzi. Nevertheless, considering their high
prevalence in peridomestic premises and high potential to repopulate treated habitats
from neighbouring sylvatic populations, both triatomine species must be considered as

vector candidates and targets for continuing vigilance (Diotaiuti et al., 2000).

Acknowledgements
We are indebted to the anonymous referees for help to improve the manuscript
and to Dr C.J. Schofield for English review. This study received financial support from

the UNDP/World Bank/WHO Special Program for Research and Training in Tropical
120



Diseases (grant A00206), IRD (France), FIOCRUZ, CNPq and CAPES (Brazil), and
benefited from international collaboration through the ECLAT network. Paulo
Evangelista de Araujo and Glauber gave invaluable assistance in the fieldwork. Special

thanks to L. Diotaiuti and P. Cabello for reviewing the text and statistics.

References

Assis, G. M., B. Azeredo, A. L. Carbajal de la Fuente, L. Diotaiuti, and M. Lana.
2006. Colonia intradomiciliar de Triatoma pseudomaculata Corréa & Espinola,
1964, em Berilo, Vale do Jequitinhonha, MG, Brasil, pp 45. In: Procedings of XXII
Reunido de Pesquisa Aplicada em Doencga de Chagas e X Reunido de Pesquisa
em Leishmanioses, Uberaba, Brazil,

Barretto, M. P. 1967. Estudo sobre reservatorios o vetores silvestres do Trypanosoma
cruzi. XIX. Inquérito preliminar sobre triatomineos silvestres no Sudeste do Estado
de Goias, Brasil. Revista Brasileira de Biologia. 9: 313-320.

Carbajal de la Fuente, A. L., S. A. Minoli, C. M. Lopes, F. Noireau, C. R. Lazzari,
and M. G. Lorenzo. 2007. Flight dispersal of the Chagas disease vectors
Triatoma brasiliensis and Triatoma pseudomaculata (Hemiptera: Reduviidae) in
north-eastern Brazil. Acta Trop. 101: 115-119.

Carcavallo, R.U., M. E. Franca Rodriguez, R. Salvatella, S. I. Curto de Casas, I. A.
Sherlock, C. Galvao, D. S. Rocha, I. Galindez Giron, M .A. Otero Arocha, A.
Martinez, J. A .da Rosa, D. M. Canale, T. H. Farr, and J. M. S. Barata. 1998.
Habitats and related fauna, pp 561-600. In: Carcavallo, R.U., Galindez Girén, I.,
Jurberg, J. & Lent, H. (eds), Atlas of Chagas disease vectors in the Americas,

Vol.ll, Fiocruz, Rio de Janeiro, Brazil.

121



Costa, J. 1999. The synanthropic process of Chagas disease vectors in Brazil, with
special attention to Triatoma brasiliensis Neiva, 1911 (Hemiptera, Reduviidae,
Triatominae) population, genetical, ecological and epidemiological aspects. Mem.
Inst. Oswaldo Cruz. 94 (1): 239-241.

Costa, J., J. E. Almeida, C. Britto, R. Duarte, V. Marchon-Silva, and R.S Pacheco.
1998. Ecotopes, natural infection and trophic resources of Triatoma brasiliensis
(Hemiptera, Rduviidae, Triatominae). Mem. Inst. Oswaldo Cruz. 93: 7-13.

Costa, J., C. E. Almeida , E. M. Dotson, A. Lins, M. Vinhaes, A. C. Silveira and C. B.
Beard. 2003. The epidemiologic importance of Triatoma brasiliensis as a Chagas
disease vector in Brazil: a revision of domiciliary captures during 1993-1999. Mem.
Inst. Oswaldo Cruz. 98: 443-449.

Costa, J. and M. Felix. 2007. Triatoma juazeirensis sp. nov. from Bahia State,
northeastern Brazil (Hemiptera: Reduviidae: Triatominae). Mem. Inst. Oswaldo
Cruz. 102 (1): 87-90.

Costa, J., M. G. Freitas-Sibajev, V. Marchon-Silva, M. Q. Pires and R. S. Pacheco.
1997. Isoenzymes detect variation in populations of Triatoma brasiliensis
(Hemiptera: Reduviidae: Triatominae). Mem. Inst. Oswaldo Cruz. 92: 459-464.

Costa, J., A. Townsend Peterson and C. B. Beard. 2002. Ecologic niche modelling
and differentiation of populations of Triatoma brasiliensis Neiva, 1911, the most
important Chagas’ disease vector in northeastern Brazil (Hemiptera, Reduviidae,
Triatominae). Am. J. Trop. Med. Hyg. 67: 516-520.

Dias, J. C. P, E. M. M. Machado, A. L. Fernandes, and M. C. Vinhaes. 2000. General
situation and perspectives of Chagas disease in Northeastern Region, Brazil. Cad.

Saude Publica.16 (2): 13-34.

122



Dias, J. C. P., A. C. Silveira and C. J. Schofield. 2002. The impact of Chagas disease
control in Latin América. A review. Mem. Inst. Oswaldo Cruz. 97: 603-612.
Dias-Lima, A.G., D. Menezes, |. Sherlock and F. Noireau. 2003. Wild habitat and
related fauna of Panstronylus lutzi (Hemiptera: Reduviidae). J. Med. Entomol. 40:

989-990.

Diotaiuti, L., O. Faria Filho, F. Carneiro, J. Pinto Dias, H. Pires and C. Schofield.
2000. Doenga de Chagas no Brasil. Cad. Saude Publica. 16 (2): 61-67.

Emperaire, L. 1989. Végétation et gestion des ressources naturelles dans la caatinga
du sud-est du Piaui (Brésil), Orstom, Paris.

Emperaire, L. and C. A. Romafia. 2006. Triatominae and Cactaceae: a risk for the
transmission of the American trypanosomiasis in the peridomicilary space
(Northeast Brazil). Parasite. 13: 171-178.

Forattini, O. P. 1980. Biogeografia, origem e distribuicdo da domiciliacdo de
triatomineos no Brasil. Rev. Saude Publica.14: 265-299.

Forattini, O.P., E. X. Rabello, O. A. Ferreria, E. O. Rocha e Silva, and J. L. F.
Santos. 1984. Aspectos ecologicos da tripanossomiase americana. XXI:
Comportamento de espécies triatomineas silvestres na reinfestagdo do intra e
peridomicilio. Rev. Saude Publica. 18: 185-208.

Lent, H. and P. Wygodzinsky. 1979. Revision of the Triatominae (Hemiptera,
Reduviidae), and their significance as vectors of Chagas disease. Bull. Am. Mus.
Nat. Hist. N.Y. 163: 127-520.

Monteiro, F.A., M. J. Donnelly, C. B. Beard, and C. Costa. 2004. Nested clade and
phylogeographic analyses of the Chagas disease vector Triatoma brasiliensis in

Northeast Brazil. Mol. Phylogenet. Evol. 32: 46-56.

123



Noireau, F., R. Flores and F. Vargas. 1999. Trapping sylvatic Triatominae (Reduviidae)
in hollow trees. Trans. R. Soc. Trop. Med. Hyg. 93: 13-14.

Noireau, F., F. Abad-Franch, S. A. S. Valente, A. Dias-Lima, C. M. Lopes, V. Cunha,
V. C. Valente, F. S. Palomeque, C. J. Carvalho-Pinto, I. Sherlock, M. Aguilar,
M. Steindel, E. C. Grisard, and J. Jurberg. 2002. Trapping Triatominae in sylvatic
habitats. Mem. Inst. Oswaldo Cruz. 97: 61-63.

Sarquis, O., J. Borges-Pereira, J. R. Mac Cord, T. F. Gomes, P. H. Cabello, and M.
M. Lima. 2004. Epidemiology of Chagas disease in Jaguaruana, Ceara, Brazil. |.
Presence of triatomines and index of Trypanosoma cruzi infection in four localities
of a rural area. Mem. Inst. Oswaldo Cruz. 99: 263-270.

Silveira, A.C. and M. Vinhaes. 1998. Doenca de Chagas: aspectos epidemioldgicos e
de controle. Rev. Soc. Bras. Med. Trop. 31 (2): 15-60.

Souza, L.C., F. C. C. Frota, J. A. Souza, and J. W. O. Lima. 1999. Descricdo de um
foco urbano de Triatoma pseudomaculata (Hemiptera: Reduviidae: Triatominae),
na cidade de Sobral, norte do Ceara. Resultados preliminares. Rev. Soc. Bras.
Med. Trop. 32 (1): 84-85.

Walter, A. E., |. Pojo do Rego, A. J. Fereira, and C. Rogier. 2005. Risk factors for
reinvasion of human dwellings by sylvatic triatomines in northern Bahia State,

Brazil. Cad. Saude Publica. 21: 974-978.

124



Table 1. Comparative distribution and abundance of T. juazeirensis and T. pseudomaculata in peridomestic ecotopes.’'Chi squared test
(with Yates correction when necessary) to compare the number of positive ecotope for T. juazeirensis and T. pseudomaculata. Mann-
Whitney test (M-W) to compare the median catches for each species. *Enclosure made of vertical wood posts. *Fence made of vertical,

horizontal or oblique trunks. °Trees where the fowl rooste. *Significant difference with P < 0.05.

T. jJuazeirensis T. pseudomaculata
Ne No. (%) of  Median catch (1% No. (%) of  Median catch (1%
Ecot _ " g 3¢ riles) " g 3¢ riles) P value P value
cotopes  examine ositive uartiles) per ositive uartiles) per
P P q P P q P (x° test)!  (M-W test)?

d ecotopes positive ecotope ecotopes positive ecotope
Corral® 109 26 (23.9) 3.0 (1-7) 21 (19.3) 1.0 (1-2) 0.62 0.01*
Roofed corral 32 6 (18.8) 7.5 (1-15) 2 (6.3) 8.5 (1-16) 0.34 0.86
Stick fence* 30 2 (6.7) 11.5 (1-22) 1(3.3) 6.0 0.57 -
Pile of wood 49 2(4.1) 1.0 (1-1) 4 (8.2) 3.5 (2-4.5) 0.71 -
Artificial

. 29 3 (10.3) 2.0 (1-2) 5(17.2) 5.0 (2-7) 0.77 0.14

chicken coop
Fowl tree® 44 2 (4.5) 10.0 (9-11) 8 (18.2) 1.0 (1-2.5) 0.14 0.04
Bird nest 47 0 - 9(19.1) 2.0 (1-5) - -
Pile of tiles 38 5(13.2) 2.0 (1-17) 1(2.6) 12.0 0.25 -
Pile of bricks 31 1(3.2) 22.0 1(3.2) 1.0 1.00 -
Other

80 6 (7.5) 2.5 (1-8) 3 (3.8) 2.0 (1-3) 0.53 0.71
structures
Total 489 53 (10.8) 3.5 (2-6) 55 (11.2) 2.5 (1-8) 0.94 0.97
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Table 2. Relationship between triatomine species and synantropic animals in the peridomicile. "Chi squared test (with Yates correction

when necessary) to compare the number of positive ecotope for T. juazeirensis and T. pseudomaculata. 2Mann-Whitney test (M-W) to

compare the median catches for each species. *Other animals: donkey, horse, pigeon, fowl, peacock, cat, monkey, turtle and armadillo.
*Significant difference with P < 0.05.

T. jJuazeirensis

T. pseudomaculata

No. of No. (%)  Median catch (1°' & No. (%)  Median catch (15 &
. . - g . - g . P value P value

Animal associated of positive 3" quartiles) per of positive 3" quartiles) per ) ; )

- - (x“ test)’ (M-W test)
ecotopes ecotopes positive ecotope ecotopes positive ecotope

Goat 133 27 (20.3) 5.0 (1-15) 20 (15.0) 1.0 (1-2.5) 0.43 0.01*

Sheep 16 2 (12.5) 11.5 (2-21) 2 (12.5) 2.0 (1-3) - -

Cow 25 7 (28.0) 3.0 (1-4) 4 (16.0) 1.5 (1-2.5) 0.63 0.32

Pig 7 2 (28.6) 13.5 (8-19) 1(14.3) 3.0 - -

Dog 25 1(4.0) 22.0 1(4.0) 6.0 - -

Chicken 121 10 (8.3) 2.0 (2-9) 17 (14.0) 2.0 (1-3) 0.28 0.44

Others® 21 1 (4.8) 1.0 - - - -

Total 348 50 (14.4) 3.0 (2-10) 45 (12.9) 2.0 (1-6) 0.71 0.70
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Table 3. Relationship between triatomine species and material of construction for the peridomicile. 'Chi squared test (with Yates
correction when necessary) to compare the number of positive ecotope for T. juazeirensis and T. pseudomaculata. 2Mann-Whitney test

(M-W) to compare the median catches for each species. *Tiles and bricks. “Wood and backed clay. *Significant difference with P < 0.05.

T. jJuazeirensis T. pseudomaculata
No. of No. (%) Median catch (1°' & No. (%) Median catch (15' &
Material ecotop  of positive 3% quartiles) per of positive  3° quartiles) per szalue1 P value )
o o (x* test)’ (M-W test)
es ecotope positive ecotope ecotope positive ecotope
Wood 327 40 (12.2) 3.0 (1-10) 42 (12.8) 2.0(1-3) 0.55 0.04*
Backed clay® 84 8 (9.5) 2.0 (1-19.5) 3(3.6) 1.0 (1-12) 0.25 0.50
Mixture* 21 5(23.8) 7.0 (5-8) 1(4.8) 16.0 0.27 -
Total 432 53 (12.3) 3.0 (2-7) 46 (10.6) 2.0 (1-16) 0.57 0.70

Table 4. Habitat preference for Triatoma juazeirensis and T. pseudomaculata according to the environment.

No. of positive ecotopes for T. juazeirensis  No. of positive ecotopes for T. pseudomaculata

Sylvatic Peridomestic Sylvatic Peridomestic
Wood 0 45 129 43
Other substrate 72 13 0 4
P value (x° test) P < 0.001 P < 0.001
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Figure caption
Fig 1. T. pseudomaculata infestation according to tree species. *Pereira

(Aspidosperma pyrifolium), Umbuzeiro (Spondias tuberosa), Jurema preta (Mimosa
tenuiflora), and Faveleira (Cnidoscolus phyllacanthus).

Examined [l Positive

Tree species
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5.7.Manuscrito em preparag¢do: Biologia comparativa de T.
pseudomaculata e T. wygodzinskyi

O estudo teve como meta estabelecer se espécies de triatomineos afins como, T.
pseudomaculata e T. wygodzinskyi, apresentam caracteristicas bioloégicas

semelhantes.
5.7.1. Metodologia

5.7.1.1. Origem das amostras

Os exemplares de T. pseudomaculata foram coletados no municipio de
Curacd, estado da Bahia, em estruturas peridomésticas da area rural. Entretanto, os
T. wygodzinskyi foram capturados em fendas de rochas em area proxima a
localidade de Vargem Grande do Sul, estado de Sao Paulo. Uma vez capturados, os
espécimes foram devidamente identificados e subsequentemente acondicionados
em tubos plasticos e transportados ao laboratério, onde foram mantidos sob
condicbes naturais de fotoperiodismo, temperatura de 28 + 2°C e de umidade

relativa 70 + 5%.

5.7.1.2. Ciclo biolégico

Foram selecionados aleatoriamente ovos provenientes de cinco fémeas de
cada espécie e colocados individualmente em tubos plasticos (12 cm x 3 cm).
Dentro do tubo foi colocada uma tira de papel de filtro na tentativa de evitar umidade
excessiva e a subsequente proliferagdo de fungos. Cada tubo foi numerado e
observado diariamente até a eclosdo dos ovos. As ninfas foram alimentadas
semanalmente em camundongos (Mus musculus) anestesiados segundo o
protocolo 0014-00, aprovado pela Ceua-Fiocruz e observadas diariamente para se
estabelecer o periodo decorrente entre mudas até a formagédo do imago. O tempo
de duracédo de cada estadio foi registrado em dias (d). O ciclo de desenvolvimento
foi calculado unicamente com os espécimes que completaram todos os estadios.
Isto significa que, por exemplo, o numero de espécimes (N) utilizado para calcular a
duracao do “estadio ovo” foi o numero de espécimes que alcancaram a primeira
muda (N1). Da mesma forma, o N usado para calcular a duragéo do “estadio N1” foi
0 numero de espécimes que alcancaram a segunda muda (N2) e assim

sucessivamente.
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5.7.1.3. Ingestdo sanguinea

Os triatomineos foram pesados individualmente em uma balanga analitica
(DAHUS ®) antes e depois de cada repasto alimentar. Foi calculada a quantidade de

sangue ingerida (mg).

5.7.1.4. Mortalidade

A taxa de mortalidade (%) e a taxa acumulada () foram calculadas segundo

0 estadio ninfal.

5.7.15. Analise estatistica

Para a interpretacdo dos dados concernentes ao ciclo biolégico e ingestao
sanguinea, as variaveis foram analisadas usando-se o teste de Mann-Whitney. A
duracgéao do ciclo biolégico (total e por estadio) foi expressa com valores “medianos”.
Os testes foram executados usando-se o programa JMP v.6.0.0 (SAS Institute Inc.,
2005). A taxa de mortalidade foi analisada mediante um qui-quadrado usando
GraphPad InStat v.3.05 (GraphPad Software, San Diego, CA, USA).

5.7.2. Resultados e Discussao

5.7.2.1. Ciclo bioldgico

O ciclo bioldgico, expresso em medianas, foi ligeiramente mais longo para
T. pseudomaculata do que para T. wygodzinskyi (232 vs. 205 d, p = 0.0014).
Entretanto, diferencas inter-especificas foram somente observadas pelo
desenvolvimento do ovo e da ninfa de quinto estadio (Tabela 5.1).

Contrastando com a escassa informagdo sobre a biologia de T.
wygodzinskyi, sobre a bionomia de T. pseudomaculata sdo numerosos os estudos
realizados (Heitzmman-Fontenelle, 1972; Perlowagora-Szumlewics, 1976;
Gongalvez et al., 1997; Guarnieri et al., 2000; Pinto Soares et al., 2000). Porém,
estes estudos ndo apresentam as mesmas condi¢gdes experimentais que permitam
total comparacdo com nossos resultados. Variaveis ambientais, fontes alimentares
distintas, numero de gerag¢des de laboratério, numero de insetos por tubo, entre
outros fatores, podem ser responsaveis pelas diferengas observadas na duracido do
ciclo biolégico (Canale et al., 1998). Um exempilo ilustrativo é oferecido por Guarnieri
et al. (2000). Os autores obtiveram ciclos mais longos para T. pseudomaculata e T.
brasiliensis quando alimentaram os triatomineos com aves em comparagdo com a

alimentagdo usando camundongos. Por tal motivo decidimos comparar nossos
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resultados (expressos esta vez em médias) com os autores que usaram
camundongos como fonte alimentar (Tabela 5.2).

Para T. pseudomaculata, existem somente dois estudos comparaveis. Pinto
Soares et al. (2000) encontraram um ciclo bioldgico (de ovos até alcangar o estado
adulto) ligeiramente mais curto que o nosso (232 vs. 255 dias) enquanto o resultado
obtido por Guarnieri et al. (2000) exibe uma perfeita congruéncia com o nosso para
a duracgdo total do periodo N1-N5 (233 dias em ambos os casos) (Tabela 5.2).

O presente trabalho é possivelmente o segundo estudo sobre a duragdo do
ciclo biolégico de T. wygodzinskyi. A col6nia previamente estudada por Juarez
(1970) teria sido erroneamente identificada como T. arthurneivai, porém pertenceria
a T. wygodzinskyi. Juarez (1970) observou um ciclo (N1-N5) de duragédo para T.
wygodzinskyi maior que o aqui relatado (314 vs. 212 dias). O autor usou a mesma
fonte alimentar, mas as condigdes ambientais (25 °C, 60-70% RH) diferiram
daquelas mantidas neste trabalho, o que poderia ser responsavel pela diferenca
observada.

Analisando os resultados das espécies estudadas e comparando-os com T.
maculata alimentada com sangue de camundongo, denota-se que a duragdo do
ciclo biolégico de T. pseudomaculata e T. wygodzinskyi € muito maior que a
encontrada para T. maculata a que corresponde a apenas 126 dias, segundo
Luitgards-Moura et al. (2006) (Tabela 5.2). Quando a colénia de T. maculata é
alimentada com sangue de ave, o ciclo exibe uma duracdo menor (Feliciangeli &
Rabinovich, 1985; Espinola et al., 1981).

Estes resultados de duragdo do ciclo biolégico apdiam, junto aqueles
verificados por morfometria, as analises do fendtipo antenal e de seqiéncias de
DNAmt, tornando mais evidentes as afinidades entre T. pseudomaculata e T.

wygodzinskyi.
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Tabela 5.1 — Tempo de desenvolvimento (em dias) segundo o estadio em T. wygodzinskyi e T. pseudomaculata, em condi¢des de

laboratério e alimentadas em camundongo.

T. wygodzinskyi T. pseudomaculata
Estadio Quartil Quartil p
N Mediana (25-75%) N Mediana (25-75%)

Ovo 74 19 18 - 23 48 21 20-24 0.0043*

N1 55 29 21-46 41 34 26 - 46 N.S.

N2 51 27 19-35 31 23 16 - 37 N.S.

N3 46 28 22 - 40 26 29 24 - 34 N.S.

N4 38 41 32-49 25 35 27 - 48 N.S

N5 31 68 55 - 82 21 97 76 - 128 0.0004*
Total (N=31) - 205 189 - 230 - 232 215 -260 0.0014*

N (ntimero de espécimes), N1 (1°" estadio ninfal), N2 (2% estadio ninfal), N3 (3° estadio ninfal), N4 (4° estadio ninfal),

N5 (5° nestadio ninfal). * Diferencas significativas (teste de Mann-Whitney, p < 0.05). N.S. = nao significativo.
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Tabela 5.2 - Comparacgao entre a duragao do ciclo biolégico de T. wygodzinskyi, T. pseudomaculata e T. maculata avaliadas em

laboratério por diferentes autores usando-se camundongos como fonte alimentar.

T. wygodzinskyi

T. pseudomaculata

T. maculata

Ectadio Nossos Juarez (1970) Nossos Pinto Soares et al. Guarnieri et al. Luitgards-Moura
resultados resultados (2000) (2000) et al. (2006)

X+ SD X X+ 8SD X+ SD X+ SD X+ 8D
Ovo 204 N/D 22+3 19 +1 N/D N/D

N1 35+18 28 38+18 25+8 22 + 1 18 +2

N2 30+ 16 25 29+19 33+5 160 21+ 15

N3 31+18 25 30+8 48 +7 160 21+3

N4 43 +13 32 38+17 52+ 15 22 + 1 256

N5 73123 205 98 + 26 55+ 17 156 + 10 41+ 14
Total 3 X (N1-N5) 212 314 233 213 233 126
Total > X (Ovo-N5) 232 n/a 255 232 n/a n/a

N1 (1" estadio ninfal), N2 (2% estadio ninfal), N3 (3°" estadio ninfal), N4 (4° estadio ninfal), N5 (5° estadio ninfal). N/D (n&o disponivel), n/a (ndo aplicavel), X + SD

(média * desvio padrdo).
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5.7.2.2. Ingestdo sanguinea

Foram encontradas diferengas significativas na quantidade de sangue
ingerido por ambos os triatomineos (Tabela 5.3). Durante seu desenvolvimento, T.
wygodzinskyi ingeriu um total de 431 mg de sangue, entretanto T. pseudomaculata
ingeriu 512 mg (p = 0.001). Apenas os estadios N4 e N5 de T. pseudomaculata
ingeriram significativamente mais sangue que os de T. wygodzinskyi. Gongélves et
al. (1997) e Guarnieri et al. (2000) observaram que T. pseudomaculata ingeriu uma
quantidade menor de sangue que a observada neste estudo.

Ambas as espécies precisaram a mesma frequéncia alimentar (= 10) para
alcangarem o estadio adulto (dados ndo apresentados). O numero de repastos € um
aspecto importante no sucesso da transmissao do T. cruzi, devido ao contato entre
0 hospedeiro e o vetor durante a alimentacdo (Lopez et al., 1999). Nossos
resultados para T. pseudomaculata, mostram um numero maior de repastos que os
encontrados por Gongalvez et al. (1997). Estas diferengas podem estar relacionadas
a utilizacdo de outra fonte alimentar por esses autores ja que as condigbes
ambientais e a densidade de insetos por tubo foram as mesmas que as

apresentadas neste estudo.
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Tabela 5.3 — Quantidade de sangue de camundongo ingerido (em mg) segundo estadio ninfal em T. wygodzinskyi e T. pseudomaculata
em condigdes de laboratorio.

T. wygodzinskyi T. pseudomaculata
Estadio Quartil Quartil p
N Mediana (25-75%) N Mediana (25-75%)

N1 55 54 3.7-6.4 41 4.3 32-59 N.S.
N2 51 12.0 8.9-14.1 33 11.4 7.6 -15.2 N.S.
N3 46 33.0 252-394 26 33.0 25.9-40.8 N.S.
N4 38 88.0 75.0-106.9 25 100.4 93.5-111.0 0.0413*
N5 31 282.6 228.2 - 336.6 21 369.2 288.1 — 450.6 0.0009*

Total 430.9 363.0 — 336.6 511.8 452.3 - 450.6 0.0010*

N (nimero de espécimes), N1 (1*" estadio ninfal), N2 (2% estadio ninfal), N3 (3°" estadio ninfal), N4 (4° estadio ninfal), N5 (5° nestadio ninfal).
* Diferencgas significativas (teste de Mann-Whitney, p < 0.05). N.S. = n3o significativo.
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5.7.2.3. Mortalidade

A taxa de mortalidade e a mortalidade acumulada dentro de cada
estadio sdo apresentadas na Tabela 5.4. Das 74 ninfas iniciais de T.
wygodzinskyi, apenas 31 alcangaram o estado adulto, o que significa que 58%
das ninfas morreram durante todo o periodo de desenvolvimento. Uma taxa
similar foi encontrada para T. pseudomaculata onde das 48 ninfas iniciais, 27
morreram (56,3%). A taxa de mortalidade variou dentro de cada estadio de 7,3
a 25,7% em T. wygodzinskyi e de 3,9 a 24,4% em T. pseudomaculata. A maior
taxa de mortalidade foi registrada nas N1 (25,7%) para T. wygodzinskyi e nas
N2 (24,4%) para T. pseudomaculata. O padr&o irregular registrado para a taxa
de mortalidade de ambas as espécies foi similar ao encontrado para outras
espécies de Triatoma (Guarnieri et al. 2000). E importante ressaltar que
nenhuma diferenga significativa foi encontrada entre as taxas de mortalidade

de ambas espécies.

O estudo de algumas caracteristicas biolégicas de T. pseudomaculata e
T. wygodzinskyi, demonstra que nao existe (taxa de mortalidade, freqténcia
alimentar) ou ha pouca diferenga na bionomia (quantidade de sangue ingerido,
duragdo do ciclo biolégico) entre ambas as espécies. Quando existem
diferengas, aquelas ndo consideram todos os estadios, apenas alguns (ovo e
dois ultimos estadios). Os resultados favorecem a de hipotese que espécies
afins teriam grandes semelhangas biolégicas. Se esta observagéo for
confirmada pelo estudo de outras espécies, as caracteristicas biologicas
também poderiam ser usadas para sugerir (ou descartar) a proximidade

evolutiva entre espécies de triatomineos.
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Tabela 5.4 — Taxa de mortalidade segundo estadio ninfal em T. wygodzinskyi e T. pseudomaculata em condigdes de laboratério

utilizando-se camundongo como fonte alimentar.

T. wygodzinskyi

T. pseudomaculata

Estadio N . Taxa mortalidade Mortalidade i Taxa mortalidade Mortalidade p
% acumulada % % acumulada %

N1-N2 74 55 25.7 25.7 48 41 14.6 14.6 N.S.

N2-N3 55 51 7.3 31.1 41 31 24 .4 354 N.S.

N3-N4 51 46 9.8 37.8 31 26 16.1 45.8 N.S.

N4-NS 46 38 17.4 48.7 26 25 3.9 47.9 N.S.

N5- Adulto 38 31 18.4 58.1 25 21 16.0 56.3 N.S.

N (numero inicial de espécimes), n (nimero de ninfas que mudaram para o seguinte estadio), N1 (1°" estadio ninfal), N2 (2% estadio ninfal), N3 (3° estadio

ninfal), N4 (4" estadio ninfal), N5 (5° estadio ninfal). N.S. = nao significativo para o teste Qui-quadrado comparando a taxa de mortalidade.
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5.8. Manuscrito em preparacao: Estado alimentar de populacdes
silvestres e peridomésticas de T. pseudomaculata e T. wygodzinskyi

Para conhecer o estado alimentar (mediante o peso e as fontes alimentares),
estudamos duas populagdes (silvestre e peridoméstica) de T. pseudomaculata coletadas
durante os periodos seco e umido em Curacga, estado da Bahia. Ao mesmo tempo,
analisamos as fontes alimentares de quatro popula¢des de T. wygodzinskyi coletadas na
fronteira entre os estados de Minas Gerais e Sdo Paulo (Fig. 4.1).

5.8.1. Metodologia

5.8.1.1. Area de estudo

Duas populagdes de T. pseudomaculata (silvestre e peridoméstica) e quatro de T.
wygodzinskyi (silvestres) foram estudadas (Tabela 5.5). A area de estudo para T.
pseudomaculata esta localizada em Curagd, estado da Bahia. A paisagem predominante
corresponde a provincia biogeografica da caatinga, caracterizada por marcantes
diferencas climaticas entre as estagcdes seca (novembro) e chuvosa (maio) (Morrone,
2006). Apresenta média anual de precipitagbes de 400 mm e temperatura de 26 °C. A
“caatingueira” (Caesalpinia pyramidalis Tul) & a espécie vegetal predominante.

As populagdes de T. wygodzinskyi foram coletadas nas localidades de Pido e
Sertaonzinho, estado de Minas Gerais, e no estado de S3o Paulo em duas areas dos
municipios de Vargem Grande do Sul e Espirito Santo do Pinhal, situadas proximas a
divisa dos dois estados. As coletas foram efetuadas durante um periodo umido (maio). As
localidades acham-se na provincia biogeografica da floresta paranaense (Morrone, 2006)
com precipitacao anual média de 1200 mm e temperatura anual média de 20°C. Esta é
uma regido antropizada com grandes extensdes territoriais transformadas em pastagens
dedicadas a pratica de agropecuaria com criagao de gado bovino.

Tabela 5.5: Material examinado para avaliar o estado alimentar e populagdes
naturais de T. pseudomaculata e T. wygodzinskyi.

Espécie Localidade Habitat N N/ ELISA
S 292 90
T. pseudomaculata Curaca, BA 163 84
P 172 83
Piao, MG 51 28
T. wygodzinskyi Santa Rita de Caldas, MG s 199 69
Vargem Grande do Sul, SP 145 87
Espirito Santo do Pinhal, SP 15 14

Abreviagoes: estados da BA= Bahia, MG= Minas Gerais, SP= Sao Paulo, S= silvestre, P=
peridomicilio, N= numero espécimes.
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5.8.1.2. Coleta dos triatomineos

Todos os triatomineos foram capturados por meio de busca ativa com ajuda de
pingas entomoldgicas. Os T. pseudomaculata provenientes de ecétopos silvestres foram
coletados dissecando-se um total de 80 troncos de arvores secos durante um periodo
seco (novembro) e 69 durante um periodo Umido (maio). Também foram examinados 11
potenciais abrigos nos peridomicilios (definidos como toda construgéo proxima a casa)
durante o periodo seco. Os ambientes peridomeésticos incluiram galinheiros, poleiros,
ninhos de aves, pilhas de telhas, tijolos e madeiras e currais de animais para criagao.
Entretanto, os T. wygodzinskyi foram capturados em ambiente silvestre correspondente
apenas fendas de rochas.

5.8.1.3. Processamento dos triatomineos

Os triatomineos coletados foram agrupados por ambiente de captura e colocados
dentro de tubos plasticos com papel absorvente no seu interior. No laboratério, foram
imediatamente identificados e classificados por sexo e estadio. Os T. pseudomaculata
foram pesados individualmente utilizando-se uma balanga analitca DHAUS®. Nos
exemplares capturados foi realizada uma busca de flagelados no reto de modo a
determinar a taxa de infeccdo com T. cruzi. Para isso o abdome dos triatomineos foi
delicadamente comprimido com ajuda de pingas entomoldgicas, recolhendo-se os dejetos
eventualmente eliminados e misturados em duas gotas de solu¢do salina 0,9%, entre
lamina e laminula. A busca de flagelados foi realizada utilizando microscopia ética (400 x).

Para se conhecerem as fontes de alimentacdo, ninfas de quarto e quinto estadio
foram cuidadosamente comprimidas com a ajuda de pingas na porgéo final do abdome e
gotas de excretas eventualmente eliminadas foram dissolvidas em 50 ul de PBS (solugao
salina fosfatada) 10 mM, pH 7,2, e subsequentemente examinadas através do teste de
ELISA seguindo o método de Burkot et al. (1981) modificado por Duarte (1997). Em
placas de microdiluigdo de poliestireno com 96 cavidades (Alfesa, Sdo Paulo, Brasil),
foram colocados 100 ul das amostras diluidos em tampéao carbonato bicarbonato pH 9,6.
Estas diluigbes variaram de 1: 1.000 até 1: 64.000. A seguir, as placascolocaram-se em
camara Umida em estufa a 37° C por duas horas para que as proteinas contidas nas
amostras pudessem se fixar a placa. Apds esta etapa de sensibilizagao, as placas foram
retiradas da estufa e sofreram 3 lavagens com PBS (0,01 M; pH 7,2) adicionado de
Tween 20 (Sigma Chemicals Co-St. Louis, USA) a 0,05%, com o auxilio de lavadora de
placas semi-automatica (Microbomba M-CV Il, Brasil). Apos as lavagens, 100 ul dos anti-
soros homoélogos foram colocados nas placas em diluicdes que variaram de 1: 1000 até
1: 160.000. Estas diluigbes foram feitas em solugcdo a 1% de leite em p6é desnatado
(Molico-Nestlé, Brasil) diluido em PBS/ Tween 0,05% pH 7,2. A seguir, a placa foi
colocada em cdmara Umida na estufa a 37° C por 45 minutos. Decorrido este tempo, a
placa foi retirada da estufa e lavada com os mesmos procedimentos das lavagens
anteriores. Seguiu-se incubagdo em estufa e lavagens como ja descritas anteriormente.
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Terminada esta fase, foi colocada entdo a solucdo reveladora constituida de
Ortophenilene-diamina (OPD, Sigma Immunochemicals Co-St. Louis, USA), perdxido de
hidrogénio (H20-) 30 volumes (Merck Diagndstica-RJ, Brasil), diluidos em tampao citrato/
fosfato pH 4,9 - 5,2. Depois de colocada esta solugéo, a placa foi deixada em camara
escura por 15 minutos. Decorrido este periodo, foi procedida a leitura em absorbancia em
leitor de microplacas EIA Microwell Reader (Sigma Immunochemicals Co-St. Louis, USA).
O titulo dos anti-soros foi dado pela ultima diluicdo que apresentou valores de
absorbancia superiores aos valores estimados para o ponto de corte (‘cut off”).
Posteriormente, foi feito o calculo da média das leituras em absorbancia. A esta média
foram acrescentados 3 desvios padroes. Este valor final foi considerado como “cut off” e,
com base nestes calculos, definidos os valores positivos ou negativos.

Foram usados anti-soros para tatu (Dasypus novemcinctus Linnaeus, 1758),
galinha (Gallus gallus Linnaeus, 1758), gato (Felis catus Linnaeus, 1758), hemolinfa
(Periplaneta americana Linnaeus, 1758), vaca (Bos taurus Linnaeus, 1758), cdo (Canis
familiaris Linnaeus, 1758), gamba (Didelphis marsupialis Linnaeus, 1758), cavalo (Equus
caballus Linnaeus, 1758), lagarto (Tupinambis merianae (Dumeril & Bibron 1839)), rato
(Rattus norvegicus Berkenhout, 1769), ovelha (Ovis aries Linnaeus, 1758) e humano
(Homo sapiens sapiens Linnaeus, 1758).

5.8.1.4. Analise dos dados

Uma analise preliminar permitiu demonstrar a correlagédo elevada entre os pesos e
comprimentos dos insetos em cada estadio (dados n&o apresentados). Assim, sé 0 peso
foi utilizado para avaliar o estado alimentar de T. pseudomaculata. Primeiramente, foi
realizada uma comparacgao do peso entre popula¢des provenientes de habitats silvestres
e peridomésticos. Segundo, uma comparagédo do peso entre triatomineos coletados
durante um periodo seco e um umido. Valores das medianas foram comparados pelo
teste de Mann-Whitney usando o programa JMP v.6.0.0 (SAS Institute Inc., 2005).

5.8.2. Resultados

5.8.2.1. Populacdes silvestres vs. peridomésticas

Foi coletado o total de 292 espécimes de T. pseudomaculata originarios do
ambiente silvestre e 172 provenientes do peridomicilio (Tabela 5.6). Exemplares adultos e
ninfas pertencentes aos cinco estadios foram capturados em ambos os ecotopos. Os
resultados mostram que T. pseudomaculata de ambientes peridomésticos estavam, em
média, 1,9 vezes melhor alimentadas que os coletados no ambiente silvestre. As ninfas
do primeiro estadio encontram-se 1,3 vezes mais alimentadas, as do segundo e terceiro
1,4, as de quarto e de quinto 2,3 e 3,1 respectivamente, as fémeas 2,1 e, finalmente, os
machos 1,5. Foram encontradas diferengas significativas (teste Mann-Withney, p< 0,05)
para cada comparagao do mesmo estadio entre habitat silvestre e peridoméstico no
periodo seco (Tabela 5.6).
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Tabela 5.6: Comparagao do estado alimentar entre populagdes silvestre e peridoméstica de T. pseudomaculata. Coletas realizadas

durante o periodo seco em Curaca, BA.

Silvestre Peridoméstico
Estadio Peso (mg) Peso (mg) Valor P’
N (Min-Max) N (Min-Max)
Mediana Mediana

N1 78 0,9 0,1-3,0 18 1,2 0,8 -3,1 0,0042 *
N2 62 2,3 0,9-9,2 14 3,6 1,6-8,0 0,0174 *
N3 54 7,7 29-20,2 21 10,0 4,1-36,0 0,0437*
N4 47 18,7 8,3-58,6 18 52,4 17,6 -79,4 0,0001 *
N5 33 41,3 24,3 -78,5 38 151,8 29,8 - 235,2 0,0001 *
F 12 52,9 38,4 - 109,6 18 129,9 61,9-175,3 0,0001 *
M 6 48,7 42,7 - 95,8 45 92,1 46,1 - 124,1 0,0066 *
Total 292 5,2 0,1-109,6 172 68,7 0,8 - 235,2 0,0001 *

' Comparacéo entre os diferentes ambientes. *Diferencgas significativas pelo teste de Mann-Whitney.
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5.8.2.2. Variacdo estacional

O estado alimentar de 292 espécimes de T. pseudomaculata coletados na
estacdo seca foi comparado com 163 espécimes coletados durante a estagao
umida. Os resultados comparativos entre as duas estagdes revelam que os
triatomineos coletados durante o periodo umido foram encontrados com pesos mais
elevados (Tabela 5.7). Ninfas a partir do terceiro estadio e adultos coletados durante
este periodo tinham maior peso (teste Mann-Withney, p< 0,05). Ressalta-se o fato
de ter encontrado um baixo numero de triatomineos do primeiro (n=3) e segundo
(n=2) estadio durante a estagdo umida. Entretanto, as ninfas de quinto estadio, além

dos adultos, foram mais abundantes durante essa estagcao que na seca.

5.8.2.3. Fontes de alimentacao

A Tabela 5.8 mostra o resultado das fontes de alimentagdo de populagdes
silvestres e peridomésticas de T. pseudomaculata em época seca e umida. Dos
triatomineos silvestres coletados durante o periodo seco, um total de 90 foram
analisados por ELISA. Foi observado um baixo numero de amostras positivas (10%)
e dos 13 anti-soros usados, cinco resultaram reativos: ave, gato, réptil, rato e ovelha.
Dos 84 triatomineos silvestres coletados durante o periodo chuvoso e testados,
apenas 11 amostras reagiram positivamente a trés anti-soros, sendo eles hemolinfa
de artropode, réptil e tatu. Das 11 amostras positivas, nove corresponderam a uma
reagdo para hemolinfa (82%). Entretanto, dos 83 espécimes peridomesticos
coletados durante a estacao umida, 10 (12%) foram positivos para ao menos um
anti-soro, sendo que o sangue de ave foi o mais detectado (70%).

Em relagdo aos T. wygodzinskyi, todos coletados em ambiente silvestre, um
total de 197 foram analisados, sendo 36 (18%) positivos (Tabela 5.9). A fonte de
alimentacao mais frequente foi ave, com 47% dos insetos positivos. Todas as outras
fontes representaram menos de 15% do total. Analisando as localidades de coleta
em separado, podemos ressaltar uma heterogeneidade, uma negatividade para
alimentacdo em ave nos espécimes de Espirito Santo do Pinhal e a presenca de
hemolinfa de artrépode em alguns triatomineos desta localidade e de Sertdonzinho
(MG).
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Tabela 5.7: Estado alimentar de populacgdes silvestres de T. pseudomaculata coletadas durante as estacdes seca e umida, em Curaca,
BA.

Periodo seco Periodo umido
Estadio N Peso (mg) (Min-Max) N Peso (mg) (Min-Max) Valor P
Mediana Mediana

N1 78 0,9 0,1-3,0 3 1,7 0,6-1,80 0,3324

N2 62 2,3 0,9-9,2 2 4.4 44-44 -
N3 54 7,7 2,9-20,2 21 11,9 54 -24,7 0,0003 *
N4 47 18,6 8,3 - 58,6 32 49,3 13,9-79,0 0,0001 *
N5 33 41,3 24,3-78,5 79 133,9 37,1-255,2 0,0001 *
F 12 52,9 38,4 -109,6 15 116,2 70,8 - 201,6 0,0001 *
M 6 48,7 42,7 -95,8 11 97,0 58,2 - 116,1 0,0103 *
Total 292 5,2 0,1-109,6 163 78,8 0,6 - 255,2 0,0001 *

*Diferencgas significativas para o teste de Mann-Whitney.
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Tabela 5.8: Numero absoluto e percentual de T. pseudomaculata alimentados
segundo a fonte sanguinea ou hemalinfagia (teste ELISA) durante as estagcbes seca

e umida, em Curacga, BA.

Silvestre Peridomestico

Fonte alimentar  Periodo seco (%) Periodo umido (%) Periodo umido (%)

(N=90) (N=84) (N=83)
Tatu - 1(9) 1(10)
Ave 2 (22) - 7 (70)
Gato 1(11) - -
Hemolinfa - 9 (82) -
Reéptil 3 (33) 1(9) 1(10)
Rato 1(11) - -
Ovelha 2 (22) - 1(10)
Total reativos 9 (10) 11 (13) 10 (12)
Nao reativos 81 (90) 73 (87) 73 (88)

Tabela 5.9: Numero absoluto e porcentual de T. wygodzinskyi silvestres alimentados
segundo a fonte sanguinea ou hemalinfagia (teste ELISA) durante periodo umido em

localidades de Sao Paulo e Minas Gerais.

ESP VGD P S Total
Fonte alimentar

(N=13) (N=87) (N=31) (N=69) (N=197)

Tatu 3 (27) - - 2 (14) 5 (14)
Ave - 7 (87) 3 (100) 7 (50) 17 (47)

Gamba - 1(12) - - 1 (3)

Cao 2(18) - - 2 (14) 4 (11)

Hemolinfa 3 (27) - - 1(7) 4 (11)

Cavalo 1(9) - - 2(14) 3 (8)

Réptil 2(18) - - 0 (0) 2 (6)
Total reativos 11 (85) 8(9) 3(11) 14 (20) 36 (18)
Nao reativos 2 (15) 79 (91) 25 (89) 55 (80) 161 (82)

ESP= Espirito Santo do Pinhal e VGD= Vargem Grande do Sul (SP); P= Pido e S= Sertdonzinho
(MG).
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5.9.Manuscrito em preparacdo: Relacdes filogenéticas entre T.
pseudomaculata, T. wygodzinskyi e T. maculata baseadas em
sequéncias do gene mitocondrial citocromo oxidase |

Usamos a sequéncia de nucleotideos obtida a partir de segmentos do gene
mitocondrial citocromo oxidase | para estabelecer uma hipétese de relacionamento
filogenético entre T. pseudomaculata, T. wygodzinskyi e T. maculata.

5.9.1. Metodologia

5.9.1.1. Extracdo do DNA

O DNA foi extraido de triatomineos adultos (de dois a sete individuos por
populagdo) pertencentes as espécies apresentadas na Tabela 3, seguindo a
metodologia de Collins et al. (1987) com modificagées. Estas incluiram a maceragéo de
cada amostra (duas patas de cada triatomineo) em nitrogénio liquido até pulverizar,

antes de adicionar o tampao de maceragao (duas vezes o volume original).

5.9.1.2. Amplificacdo e sequénciamento do DNA

A reagao em cadeia da polimerase (PCR) foi usada para amplificar um segmento
de 631 pares de bases (pb) do gene mitocondrial Citocromo Oxidase | (COl). Os
iniciadores usados foram COIf (5' - CCT GCA GGA GGA GGA GAY CC - 3'; Palumbi &
Benzie, 1991) e CO10 (5' - TAA GCG TCT GGG TAG TCT GAR TAK CG - 3'; Baldwin
et al., 1998). A reacao de amplificagéo foi executada em um termociclador Mastercycler
(Eppendorf) programado para a seguinte ciclagem: uma etapa de desnaturagcéo a 94°C
por 5 minutos, seguidos por 35 ciclos de 94°C por 45 segundos, 48°C por 45 segundos
e 72°C por 45 segundos com uma extensao final de 72°C durante 10 minutos, seguido
de um decréscimo da temperatura para 4°C até a retirada das reagdes do
termociclador.

Em seguida os produtos da PCR foram purificados mediante o uso do kit “GFX™
DNA and gel band purification” (GE Healthcare). Um pl de cada produto da PCR
purificado foi usado nas reagbes de sequenciamento [Forward (F) e Reverse (R) para
cada amostra] de acordo com o método de Sanger et al. (1977) e usando-se o kit
BigDye® Terminator v3.1 Cycle Sequencing (Applied Biosystems). O excesso de di-
deoxinucleotideos ndo incorporados foi precipitado utilizando-se etanol de acordo com
as recomendacgdes da secgéo 4-10 do protocolo ABI PRISM® BigDye™ Terminator v3.0
Ready Reaction Cycle Sequencing Kit (2001). Em seguida as amostras foram
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analisadas em um sequenciador automatico ABI 3730 para a producdo de um
eletroferograma para cada reacao de sequénciamento. Os 30 ciclos usados para as
reagoes de sequénciamento foram: 96°C por 10 segundos, 50°C por 5 segundos, 60°C
por 4 minutos, seguido finalmente de um decréscimo da temperatura para 4°C até a

retirada da reagao do sequenciador.

5.9.1.3. Alinhamento e analises filogenéticas

Os eletroferogramas F e R gerados para cada amostra foram editados e usados
para produzir uma sequéncia consenso representativa de cada individuo analisado,
com o uso do programa SegMan v 7.0 do pacote de programas DNAStar (DNAStar,
Inc.). Os segmentos iniciais e finais das sequéncias obtidas, que constituiam partes dos
iniciadores usados, foram excluidos da analise. Estatisticas basicas das sequéncias
alinhadas foram calculadas e uma matriz de distancias genéticas com base no modelo
de 2 parametros de Kimura (Kimura, 1980) foram calculadas com a utilizagdo do
programa MEGA v3.1 (Kumar et al., 2004).

Para as inferéncias filogenéticas foram utilizados os métodos “agrupamento de
vizinhos”, do inglés Neighbor-Joining (Saitou & Nei, 1987), com base na matriz de
distdncia mencionada acima, e parciménia (critério 6timo). Para estas analises, foram
considerados os diferentes haplétipos das espécies estudadas como grupo interno e de
T. sordida, T. brasiliensis, T. rubrovaria, T. guasayana, R. pictipes e R. prolixus, como
grupo externo. Sequéncias dos representantes do grupo externo foram obtidas do
GenBank (numeros de acesso AF021213, AF021186, AF021206, AF021193,
AF449136 e AF449138, respectivamente). O primeiro método foi empregado, pois
permite a obtengdo de uma unica topologia de maneira rapida e confiavel, desde que
escolhido o modelo de distancia apropriado, € se as sequéncias ndao forem muito
divergentes (Nei & Kumar, 2000). O modelo de 2 pardmetros de Kimura foi escolhido
para produzir a matriz de distancias porque a estimativa Jukes & Cantor (1969) do
numero médio de substituicdes por sitio entre haplétipos foi menor que 0,3 e a razao
transigbes/transversodes foi menor que 2,0 (Nei, 1996). O grau de confiabilidade de cada
clado foi determinado através do método de bootstrap (Felsenstein, 1985) com base em
1000 réplicas empregando-se o0 mesmo programa. O segundo método (parciménia)
permite selecionar uma (ou mais) arvore (s) que tem o menor numero de alteragdes
(passos evolutivos) para todos os sitios, sendo, portanto, a(s) mais parcimoniosa(s). Foi
usado o algoritmo exato de busca (Branch and Bound) com a opg¢ao “enumeracao

implicita”. Os caracteres foram considerados desordenados (n&o aditivos) e com pesos
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iguais. O nivel de apoio das hipoteses foi calculado pelo suporte de Bremer, também
chamado de indice de decaimento (Bremer, 1994). Foram efetuadas 1000 réplicas de
re-amostragem simeétricas procurando arvores com enumeragao implicita (busca exata).
As andlises mencionadas neste paragrafo foram realizadas com o programa TNT
versao 1.1 (Goloboff et al., 2003). Para facilitar a discusséo dos resultados obtidos nas
analises foi adotada a notagéo de “grupo+” proposta por Amorim (1982) para designar o

clados que contém todas as espécies de Triatoma utilizadas na analise.

Tabela 5.10: Material utilizado como grupo interno neste estudo segundo o

procedimento.

Espécie Localidade Habitat Coleta
Sobral, CE F1

Bom Jesus, PB

C
T. pseudomaculata  Curaga, BA P C
Itaberaba, BA C

Itaobim, MG C
C

C

C

Vargem Grande do Sul, SP
T. wygodzinskyi Pido, MG S
Santa Rita Caldas, MG
T. maculata Mucajai, RR S F1

N
6
1
7
2
4
5
3
3
3

Abreviagdes: N: namero individuos; Estados da: BA, Bahia; CE, Ceara; MG, Minas Gerais; PB,
Paraiba; RR, Roraima; SP, Sdo Paulo. P, peridoméstico; S, silvestre. F1, primeira geragcdo de

laboratério; C, campo.

5.9.2. Resultados e Discussao

Fragmentos de 631 pb do gene COIl foram obtidos para os 34 espécimes
analisados. Sua analise revelou a existéncia de 115 sitios variaveis que compdem 12
haplétipos: sete pertencentes a T. pseudomaculata, quatro a T. wygodzinskyi e um a T.
maculata (Tabela 8). As frequiéncias de cada nucleotideo foram 32% (T), 31% (A), 21%
(C) e 16% (G). T. pseudomaculata apresentou 22 substituicbes, T. wygodzinskyi
apresentou sete, e nao foi encontrada variabilidade nas trés amostras de T. maculata.
Todas as substituicdes dentro de T. pseudomaculata e T. wygodzinskyi foram sinGnimas
(Tabela 9). Existe uma mutagdo nao-sinbnima na posicao 341 que representa uma
mutacao na primeira posicao do codon (C—T) e leva a mudanga do aminoacido Leucina
por Fenilalanina, quando as espécies T. pseudomaculata e T. wygodzinskyi sao

analisadas conjuntamente. Quando se inclui também o haplétipo de T. maculata, mais
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duas substituigbes nao-sindnimas aparecem (A—G, na posicao 308, mudando do
aminoacido Serina para Treonina e AT, e na posi¢cao 536 alterando de Metionina para
Valina; ambas na primeira posicdo dos cédons). Valores intraespecificos de distancia
Kimura 2 parametros foram: 0,012, para T. pseudomaculata; 0,006 para T. wygodzinskyi
e zero para T. maculata. Valores interespecificos foram mais elevados como 0,050 obtido
entre T. pseudomaculata e T. wygodzinskyi; entretanto quando T. maculata € incluido nas
comparagdes, as distancias obtidas sdo surpreendentemente elevadas (d=0,169 na
comparagao com T. pseudomaculata e 0,175, com T. wygodzinskyi (Tabela 10).

A arvore de “agrupamento de vizinhos” para as amostras sequenciadas, mostrou
uma topologia ligeiramente diferente da obtida mediante parcimonia, sobretudo com
respeito as espécies mais distantemente relacionadas ao grupo interno (Fig. 9). Em
ambas as andlises T. pseudomaculata e T. wygodzinskyi aparecem como especies
irmas, enquanto T. maculata se localiza no grupo externo como grupo irmao do clado T.
rubrovaria+T. guasayana. Observa-se que as distdncias entre os haplétipos de T.
wygodzinskyi sdo menores. Isto parece indicar uma separacdo mais recente de suas
populagdes ou resultar de uma amostragem menos eficiente para essa espécie, quando
comparada com T. pseudomaculata. Observa-se a maior diferenca na populagao de SP
com um haplétipo unico, e a maior distdncia com as populagbes de MG. Em T.
pseudomaculata observa-se uma curta distdncia entre as sequéncias presentes nas
populacdes da Bahia e Minas Gerais, além de uma alta similaridade entre os haplétipos

“l”

“k” do Ceara e “I” da Paraiba.

A busca exata na andlise de parcimbnia produziu trés arvores igualmente
parcimoniosas, com 461 passos evolutivos (dados nao apresentados). Tanto nas trés
arvores obtidas, como na consenso mostrada na Fig. 10, n&o se resgatou a monofilia do
“grupo maculata” que, portanto, parece nao fazer sentido filogenético ja que ndo constitui
um grupo natural. Os resultados mostraram consistentemente que T. maculata situa-se
entre os taxons que compdem o grupo externo, indicando que essa espécie e T.
pseudomaculata pertencem a linhagens filogenéticas diferentes. Assim, & bastante
provavel que os caracteres morfoldgicos que tém sido utilizados para considera-las
proximas podem ser, na realidade, convergéncias fenotipicas, ao invés de similaridades
herdadas de um ancestral comum recente. T. pseudomaculata se encontra
filogeneticamente mais relacionada com T. wygodzinskyi do que com qualquer outro dos
taxons terminais utilizados na andlise. Esta proximidade filogenética € altamente
congruente com as similaridades fenéticas obtidas na presente tese por técnicas de

morfometria geométrica de asas e fendétipo antenal.
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Tabela 5.11: Sitios variaveis para um fragmento de 631pb do gene COIl em T. maculata (a), T. wygodzinskyi (b-e) e T.

pseudomaculata (f-1).

Sitios variaveis

111 1111111111 1122222222 2222222222 3333333333 3333333334 4444444444 4445555555 5555555555 5555555666 66666
H 11144455 6677888112 3334445667 7901112234 4555566899 0001112344 5677777880 1112233557 7990111222 3333455677 7888999001 11122
4703706989 4739258281 0392597142 8981476921 4036928026 1480692219 5703469896 2581403172 8068124369 2569739514 7369258470 34625

a TAT.CAC.CC GAATCT.TTT _TTCTTTC.T A. _CTCCTCT .. TTG.ACAC CTAATTA.TT TCACCTTCC. _ACC.TT.C. CGG.CCGTGC TCTTACCCTT CCGCTCCC.T
o
C O
d .ol L. O
€ e e C.. T et et e AL C s e Al ..G
f ..G...C.. .C....C.. G..CC.T.C. Alooo... C T..T.C.. STLALLLTT. ..A_.._.CC. C...C..TC. ... ... ... AC...C....  ..... C.. ..G
g ..G...C.. .C....C.. G..CC.T.C. Alooo... C TC.T.C.. STLALLLTT. ..A....CC. C...C..TC.  .......... AC...C....  ..... C.. ..G
h ..G...C.. .C....C.. G..CC.T.C. Alooo... C T..T.C.. TLALLLTT. ..AL...CC C...CT.TC. ... ... AC...C....  ..... C.. ..G
i ..G...C.. .C....C.. G..CC.T.C. Aloo... C T..T.C..C. STLALLLTT. ..A_...CC. C...C..TC. ... ... ... AC...C....  ..... C.. ..G
j ..G...C.. .C....CT.. .CC.T.C. GG..... C T..T.C.. STLALLCTT. .-A_...CC. Coo.o.. TCG T A....CC...  _.... Coo.o ...
ko C.. .C....CT.. ..CC.T.C. Toeooaon C T....C.. JTLALLCTT. _.CA....C CT..... TC T A....C.... ... C..T. _TG
| C.. .C....CT.. ...CC.T.C. T.ooo..-. C. T....C.... STLALLLTT. .CA....C.. CT..... TC Tl A....C G..C..T .TG
Co CTCATTTTT ATCCTCTCCC AACTACCTTC CAATATACTC ATCCATTTTT TCGGCCCCCC CTGATACTTT TCATTCCCTA TAACATAAAA GTACGTTTCC ATAACTTTCA ATACA

Abreviagoes: H: haplotipos; Co: consenso.
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Tabela 5.12: Numero de hapldtipos, variacbes e substituicdes das sequéncias

estudadas.
_ o Substituicbes
Grupo N H Sitios variaveis
S ns
T. pseudomaculata 20 7 22 22 0
T. wygodzinskyi 11 4 7 7 0
T. maculata 3 1 0 0 0

Abreviagdes: N: numero de sequiéncias; H: niumero de haplétipos, s: sinbnimas; ns:

nao sindbnimas.

Tabela 5.13: Distancia genética com correcdo de Kimura 2-parametros entre e

dentro as espécies estudadas.

entre os grupos

Grupo ) ) a) dentro dos grupos
T. pseudomaculata (1) - 0,012
T. wygodzinskyi (2) 0,050 - 0,006
T. maculata (3) 0,169 0,175 - 0,000
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Fig. 5.1: Arvore de agrupamento de vizinhos (Neighbor-Joining) construido com base
nas distancias 2 parametros de Kimura para todas as sequéncias de 631 pb do gene
COl de T. pseudomaculata (Tps), T. wygodzinskyi (Twy) e T. maculata (Tma). Letras
a-l indicam os haplétipos. Sequéncias das espécies T. sordida (Tso), T. brasiliensis
(Tbr), T. guasayana (Tqu),T. rubrovaria (Tru), R. pictipes (Rpi) e R. prolixus (Rpr) que
constituem o grupo externo, foram obtidos do GenBank. Barras verticais indicam a
origem das populagdes: BA, Bahia; CE, Ceara; MG, Minas Gerais; PR, Paraiba; RR,
Roraima e SP, S&o Paulo. Asteriscos indicam os grupos externos.
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Fig. 5.2: Consenso estrito obtido a partir das trés arvores mais parcimoniosas para os
12 haplétipos de T. pseudomaculata, T. wygodzinskyi e T. maculata. Numeros acima
dos ramos indicam Suporte de Bremer. L: comprimento da arvore. Dados de T.
sordida (Tso), T. brasiliensis (Tbr), T. guasayana (Tgu), T. rubrovaria (Tru), R. pictipes
(Rpi) e R. prolixus (Rpr) como grupos externos, foram obtidos do GenBank.
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5.10. Outros resultados

5.10.1. Taxa infec¢do com Trypanosoma cruzi

Na Tabela 5.14 sao apresentados os resultados referentes a taxa de infecgao
pelo T. cruzi de trés localidades. Nenhum T. pseudomaculata foi encontrado

infectado por T. cruzi. Enquanto a taxa de infecgdo era de 5% em T. wygodzinskyi.

Tabela 5.14: Taxa de infecgdo com Trypanosoma cruzi para T. pseudomaculata e T.

wygodzinskyi de diferentes localidades do Brasil.

Espécie Localidade Habitat N  T.cruzi+

Itaobim, BA 11 0
T. pseudomaculata Itaberaba, BA P 13 0
Senhor do Bom Fim, BA 16 0
Total 40 0
Espirito Santo do Pinhal, SP 14 0

T. wygodzinskyi Pido, MG S 21 1(5%)

Sertadonzinho, MG 40 2 (5%)

Total 75 3 (5%)

BA= Bahia, SP= Sao Paulo, MG= Minas Gerais; P= Peridoméstico, S= Silvestre; += positivo.

5.10.2. Disperséo de T. wygodzinskyi mediante o v6o

Durante trés noites em margco de 2005, foi colocada armadilha luminosa
seguindo a metodologia apresentada no manuscrito N° 5 em uma area silvestre
proxima a localidade de Vargem Grande do Sul, SP, com o intuito de coletar T.

wygodzinskyi. Ndo se obtiveram resultados positivos.
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6. DISCUSSAO GERAL

6.1. Taxonomia

6.1.1. O status especifico dos taxa é valido?
Nenhum dos resultados obtidos pelas diferentes técnicas comprometeu a validez

taxonbmica das espécies estudadas, ndo sendo achadas evidéncias que justificassem
uma possivel sinonimia. Portanto, Triatoma pseudomaculata, T. wygodzinskyi, T.
maculata e T. arthurneivai podem ser consideradas espécies validas concordando com
Lent & Wygodzinsky (1979), Carcavallo et al. (1998c, 2000), Dujardin et al. (2000) e
Galvao et al. (2003). Cada um dos analises efetuados aportou elementos a favor do
reconhecimento de cada espécie. O estudio filogenético mostrou que todas as
populacbes apontadas como pertencentes a uma determinada espécie agruparam-se
dentro de um mesmo clado, evidenciando que possuiam validez como grupo natural. A
maioria dos parametros fenotipicos analisados também caracterizaram as espécies,
apontando uma maior semelhanca entre suas populacdes, destacando-se a morfometria
geomeétrica das asas com um alto valor discriminatério. A distribuicdo geogréafica proposta
por Carcavallo et al. (1998a) e os resultados dos modelos preditivos apresentados nesta
tese, mostram um cendrio plausivel e congruente com a hipétese filogenética, onde o
“subcomplexo wygodzinskyi” ocupa uma area geografica continua e suas espécies tém
distribuicbes de escassa simpatria, relacionando-se cada uma as provincias
biogeograficas especificas. Ja T. maculata, situada no norte da América do Sul, exibe
uma grande alopatria ao respeito do “subcomplexo wygodzinskyi’, situado no este do

continente, do qual € também distante filogeneticamente.

6.1.2. Existiram e continuam existindo erros de identificacéo na literatura?

Existem importantes erros a destacar para T. pseudomaculata: durante muitos
anos, T. maculata foi registrada na regido Nordeste do Brasil até a descricdo, em 1964,
de T. pseudomaculata. Depois dessa data, ficou estabelecido que T. maculata estava
presente no Brasil, unicamente no estado de Roraima e que 0s registros de ocorréncia
na regido nordeste pertenciam na verdade a T. pseudomaculata. Contudo, atualmente,
observamos que em algumas das planilhas elaboradas pelas Secretarias de Salude que
visitamos em varios estados nordestinos, muitos exemplares coletados continuam sendo
registrados como T. maculata. Por tal motivo, pensamos que Sainz et al. (2004) tenham

recebido, para seu estudo molecular, exemplares de T. pseudomaculata provenientes de
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Sergipe e erroneamente identificados como T. maculata, recaindo em conclusdes
equivocadas sobre as relacdes filogenéticas entre as espécies. Nesse estudo, baseado
em seqguéncias de DNAmt para 32 espécies de Triatominae, Sainz et al. (2004) haviam
sugerido que o clado constituido por T. pseudomaculata e T. maculata era o mais
consistente. Esses autores ainda explicam que as semelhancas morfologicas séo
apoiadas pelas semelhancas genéticas, encontrando uma taxa de substituicdo
nucleotidica baixa (0,2 — 0,8%). Finalmente, seus resultados, concordariam com a
hipotese proposta por Schofield (1988) sobre a origem comum destas duas espécies.
Porém, passa despercebido para os autores que a amostra processada como T.
maculata proveio do nordeste do Brasil (Sergipe), area de ocorréncia de T.
pseudomaculata.

Por outro lado, como foi demonstrado pela analise morfometrica realizada no
presente estudo, todas as antigas publicacbes em que séo referidos exemplares de T.
arthurneivai provenientes do Estado de Sao Paulo, estariam reportando-se dados de T.
wygodzinskyi. Da mesma forma, publicacdes mais recentes, como Hypsa et al. (2002),
Paula et al. (2005) e Rosa et al. (2005), tiveram T. wygodzinskyi como objeto de estudo,
e nao T. arthurneivai. Recentemente, Santos et al. (2007) haviam suspeitado a
pertinéncia das populacbes paulistas a T. wygodzinskyi. Isto foi definitivamente
confirmado pelos resultados moleculares obtidos nesta tese, que indicam que as
populagbes de triatomineos proximas a localidade tipo de T. wygodzinskyi e localizadas
no sul do estado de Minas Gerais e norte de S&o Paulo formam um clado monofilético.
Como sugerido no manuscrito N° 1 € provavel que T. arthurneivai seja uma espécie
endémica da Serra do Cip6 ou da Cordilheira do Espinhaco.

Uma das possiveis origens dos erros de identificacdo dessas espécies de
triatomineos € o grande peso dos caracteres cromaticos nas chaves dicotbmicas. A
caracterizagdo cromatica do pronoto, utilizada por Lent & Wygodzinsky (1979) e
Carcavallo et al. (2000) como carater discriminante entre T. arthurneivai e T.
wygodzinskyi, ndo deveria ser mais considerada, como demonstram nossos resultados
(manuscrito N°1, Fig. 6). Fazendo uma analise exaustiva da coloragdo do pronoto dos
exemplares de T. wygodzinskyi coletados na localidade tipo, encontramos uma grande
variedade de coloragfes que passam desde um pronoto avermelhado, angulos humerais
com manchas avermelhadas, até o pronoto totalmente escuro. Segundo a chave de
identificag&o proposta por Lent & Wygodzinskyi (1979), ndo existiriam exemplares com

pronoto escuro em T. wygodzinskyi, caracteristica T. arthurneivai.
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A genitalia masculina de ambas as espécies apresenta claramente uma
diferenciacéo ao nivel do falo, especificamente no processo do endosoma (manuscrito
N°1, Fig. 2 b, c) e no falosoma (Fig. 2 e, f). Concordando com Lent & Wygodzinsky
(1979) caracteres da genitdlia masculina, e a conformacdo das asas parecem ser 0s

caracteres mais Uteis na efetiva discriminacao destas espeécies.

6.2. Sistematica

6.2.1. Existe alguma evidencia que suporte um grupo natural conformado por T.
maculata e T. pseudomaculata?

Uma relagéo natural estreita entre T. maculata e T. pseudomaculata tem sido
sugerida varias vezes na literatura. Schofield (1988) prop6s que T. pseudomaculata se
originou a partir de populacdes de T. maculata difundidas através da caatinga nordestina.
Carcavallo et al. (2000) foram os primeiros em agrupar exclusivamente T. maculata e T.
pseudomaculata, criando o “complexo Triatoma maculata” ("complexo T. maculata” ou
“complexo maculata”). Posteriormente Dujardin et al. (2000) modificaram a classificacao
de Lent & Wygodzinsky (1979) e criaram para estas espécies o “subcomplexo maculata”
(pertencente ao complexo infestans do subgrupo infestans do grupo rubrofasciata).

A validade do “subcomplexo maculata” foi pela primeira vez questionada
explicitamente por Santos et al. (2007). Os dados apresentados por esses ultimos
autores levantaram a hipétese de que T. maculata ndo seria uma espécie proxima a T.
pseudomaculata e, possivelmente, mais afinidades existiiam entre T. pseudomaculata,
T. arthurneivai e Triatoma sp. (0S autores especularam que poderia se tratar de T.
wygodzinskyi). Os resultados aqui obtidos a partir das andlises morfolégicas e
moleculares sustentam que o “subcomplexo maculata” proposto por Carcavallo et al.
(2000) e Dujardin et al. (2000) ndo é valido como grupo natural. Evidéncias desta
invalidade também podem ser observadas nos resultados obtidos por HypSa et al. (2002)
e Paula et al. (2005), que mostraram uma alta diferenciacdo genética entre T. maculata e
T. pseudomaculata e uma relacdo mais préxima entre T. pseudomaculata e T.
wygodzinskyi. Também Belisario et al. (2007) concordam com estes resultados,
baseando as suas conclusdes fundamentalmente em hibridizacbes entre essas
espécies.

Até a aplicacdo das modernas técnicas moleculares na sistematica dos
triatomineos, o grupamento dos Triatominae foi baseado em semelhancas fenotipicas e,
em menor medida, nas suas relacbes comportamentais e ecolégicas (Usinger et al.,

1966; Carcavallo et al., 2000). Entretanto, se consideramos que as espécies que
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compdem um grupo monofilético também devem apresentar proximidade genética, a
existéncia do “subcomplexo maculata” € faciimente questionada. Evidentemente, os
resultados semelhantes das analises morfoldgicas e filogenéticas obtidos nesta tese,
apontam que somente T. pseudomaculata e T. wygodzinskyi podem ser agrupados no
mesmo grupo evolutivo e que T. maculata pertence a uma linhagem diferente,
contradizendo a hipétese sobre a origem de T. pseudomaculata derivada a partir de T.
maculata (Schofield, 1988). As evidencias de similaridades também obtidas através do
estudo de ciclo biolégico favorecem este argumento. Ambas as espécies -T.
wygodzinskyi e T. pseudomaculata- apresentam o tempo total de desenvolvimento
similar (da eclosdo até a muda para adulto), sendo superior aos 200 dias. Entretanto, os
tempos registrados para T. maculata, em experimentos usando a mesma fonte alimentar
(camundongo) ndo ultrapassam os 130 dias. Esses resultados nos permitem postular
que espécies "irmas" poderiam ter caracteristicas biologicas similares, como a duragéo
do ciclo biolégico.

Levando a consideracdo todas as evidencias apresentadas, propomos a
eliminacdo do “subcomplexo maculata” sugerido por Carcavallo et al. (2000) e Dujardin et
al. (2000) e definimos o novo “subcomplexo wygodzinskyi”, conformado por T.
wygodzinskyi e T. pseudomaculata. Possivelmente T. arthurneivai também forme parte
deste grupo, jA que os resultados de morfometria revelam uma proximidade fenética

entre estas trés espécies. Futuros estudos moleculares poderdo confirmar esta hipotese.

6.3. Aspectos ecoldgicos, bioldgicos e epidemiologicos

6.3.1. A distribuicdo geografica das espécies qgue compdem o grupo
wygodzinskyi pode ser predita?
De forma veloz e desproporcionada, modificagbes ambientais estdo sendo

registradas no mundo inteiro decorrentes das atividades humanas (IPCC, 2007). Por tal
motivo, técnicas dinamicas que monitorem o planeta diariamente s&o necessarias para
estabelecer sistemas de controle e de alertas (Gorla 2002b). Os Sistemas de Informacéo
Geogréfica (GIS) séo plataformas que introduzem, armazenam, recuperam, manipulam,
analisam e produzem dados que possuem atributos do espacgo e que estdo associados
com ele (Ostfeld et al., 2005). Eles podem ser utilizados para localizar casos de doencas,
distribuicdes de vetores e hospedeiros e estabelecer as relagbes espaco-temporais entre
essas ocorréncias de doencas e suas caracteristicas ambientais.

Os modelos preditivos da distribuicdo geografica de T. pseudomaculata e T.

wygodzinskyi derivados de variaveis ambientais, demonstraram que é possivel
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estabelecer relacbes entre essas variaveis e a localizacdo destas espécies. Imagens
AVHRR ja foram utilizadas em estudos de distribuicéo de T. infestans, R. pallescens e T.
brasiliensis, por Gorla (2002a, b) e de Rhodnius colombiensis Mejia, Galvao & Jurberg,
1999 e R. ecuadoriensis Lent & Ledn, 1958 por Gorla et al. (2005).

O modelo de distribuicdo para T. pseudomaculata baseado em imagens AVHRR
mostra uma distribuicdo geogréfica coincidente com as areas propostas por Carcavallo et
al. (1998b), ampliando a distribuicdo do vetor no Estado de Espirito Santo e excluindo-a
do Mato Grosso do Sul. Diferentemente, o modelo de distribuicdo proposto para T.
wygodzinskyi prediz uma area maior a atualmente conhecida pelos registros de presenca
por Lent & Wygodzinsky (1979) e Carcavallo et al. (1998b). Esta area ndo estaria restrita
ao estado de Minas Gerais, mas também incluiria a sua presenca nos Estados de S&o
Paulo (confirmado pelas coletas realizadas durante este trabalho), Rio de Janeiro,
Parana, Santa Catarina e Rio Grande do Sul.

Os mapas de distribuicdo para ambas as espécies podem ser projetados no
mapa de provincias biogeografias proposto por Morrone (2006), baseado na
panbiogeografia e andlises cladisticas da entomofauna. Como resultado, o presente
trabalho confirma que as éareas de distribuicdo de T. pseudomaculata estdo
principalmente associadas com a regido da caatinga, com algumas areas sobrepondo a
regido do cerrado (ver manuscrito N°4, Fig. 3). Estes séo dois ecossistemas brasileiros
de caracteristicas xerofiticas. Em contraste, a area preditiva de distribuicdo para T.
wygodzinskyi é associada com as provincias da Floresta de Parana e da Floresta de
Araucaria angustifolia (Fig. 3), areas de menor rigorosidade nas condicées ambientais.
Os mapas preditivos sugerem uma area de distribuicdo muito maior que a conhecida
para esta espécie prevendo-se provaveis novas ocorréncias em zonas ainda nado
amostradas. Sendo T. wygodzinskyi uma espécie estritamente silvestre, o maior desafio
ao modelo preditivo € precisamente a forte destruicdo dos habitats naturais a que se vé

submetida atualmente sua area de distribuicéo.

6.3.2. T. pseudomaculata pode se dispersar através do v60?

A capacidade de dispersao € um importante fator bioldgico por ser considerado
um dos principais mecanismos envolvidos no movimento dos insetos a media e grandes
distancias. Os resultados obtidos demonstram a capacidade de T. pseudomaculata para
se deslocar, atraida pela luz. A frequéncia de chegada observada para esta espécie foi

similar a reportada por Noireau et al. (2000) usando armadilhas de luz para capturar T.
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sordida e T. guasayana. Foram capturados menos exemplares de T. pseudomaculata se
comparados com o resultado de coletas de Triatoma protracta (Uhler, 1894), T. sordida e
T. guasayana (Sjogren & Ryckman, 1966, Noireau & Dujardin, 2001). Porém, estimamos
que 1,7 adultos poderiam se dirigir por noite do ambiente silvestre para os domicilios
atraidos pela luz (88% sendo T. pseudomaculata), permitindo a colonizacdo das
habitacdes. Os resultados de capturas para o principal vetor do Nordeste brasileiro, T.
brasiliensis, também indicam que esta espécie € capaz de se dispersar ativamente.
Dados da literatura (McEwen & Lehane, 1994; Lehane et al.,, 1992) sugerem que o
processo ativo de colonizagdo acontece quando fémeas gravidas e famintas se
deslocam a procura de fontes de alimentacdo. Segundo nossos resultados, tanto machos
guanto fémeas desta espécie podem ser igualmente motivadas a se aproximar a uma
fonte de luz (manuscrito N° 5, Tabela 1). O mesmo foi recentemente demonstrado por
Minoli & Lazzari (2006) em ensaios conduzidos em laboratorio com T. infestans e R.
prolixus. Os esforcos de captura do T. wygodzinskyi com armadilha luminosa foram
improdutivos, motivo pelo qual ndo se registraram dados de dispersao. Isto pode dever-
se ao baixo esforco de coleta quando comparado com T. pseudomaculata, onde os
esforcos de captura se estenderam durante varias estacdes e por maior nimero de
noites. Também é possivel pensar que a capacidade de disperséo de T. wygodzinskyi
seja baixa, motivo pelo qual, ndo seja reportada com freqiiéncia nos ambientes
domiciliares. Talvez as colénias ou populagBes naturais encontrem em seus habitats,
suficiente e freqlente disponibilidade de fontes alimentares, ndo se dispersando a
procura de sangue. Esta ultima hipotese é reforcada pela improdutividade das capturas
realizadas com armadilha com isca animal, o que permite supor haver um estado
nutricional satisfatério de T. wygodzinskyi e, em conseqliéncia, uma nao dispersdo pelo

voo.

6.3.3. Qual é o estado alimentar de T. pseudomaculata e T. wygodzinskyi em

ambientes silvestre e peridoméstico?

Ja no estudo efetuado para comparar o estado alimentar de populacdes
silvestres e peridomésticas de T. pseudomaculata, os triatomineos silvestres foram
encontrados com deficiéncias significativas de alimentacéo. Todos os estadios coletados
nesse ambiente apresentaram pesos baixos revelando um pobre estado alimentar
guando comparados com os exemplares da mesma espécie coletados no ambiente

peridoméstico. Por outro lado, no ambiente silvestre, o padrdo alimentar muda

159



drasticamente durante as estagdes. Ninfas e adultos foram encontrados com maior peso,
e supostamente melhor alimentados, durante a estacdo Umida em relacéo a época seca.
A estacgdo seca é um periodo com escassa fauna associada e fonte de sangue no habitat
silvestre, sugerindo também que a disperséo ativa provavelmente possa acontecer com
maior frequiéncia durante esse periodo. Coincidentemente, os dados de voo indicam que
0os adultos de T. pseudomaculata se dispersam com mais freqiéncia durante essa
estacéao.

Segundo as analises das fontes alimentares, a maior amplitude tréfica se
registrou em T. pseudomaculata no periodo seco quando 5/7 (71%) dos anti-soros
usados foram positivos. Entretanto, a amplitude tréfica diminuiu para 3/7 (43%) durante a
estacdo umida. No entanto, estes resultados baseados em amostragem pequena devem
ser confirmados. As amostras de T. pseudomaculata correspondentes ao periodo Umido
tiveram a hemolinfa de artrépode como principal fonte de alimentacdo e,
coincidentemente, abundantes representantes da fauna de invertebrados foram
observados co-habitando simultaneamente os nichos. Possivelmente, a hemolinfagia é
uma fonte de nutrientes alternativa e sua utilizacdo oportunista poderia ser considerada
um remanescente comportamental do ancestral predador. A presenca de hemolinfa
também foi detectada nas fontes alimentares de T. wygodzinskyi, porém em menor
proporcao. Freitas et al. (2005) ja haviam detectado este habito em T. pseudomaculata
provenientes de coletas peridomiciliarias no Ceara. Observagfes de campo tém sugerido
que os triatomineos coletados em ambientes silvestres ocasionalmente se alimentam da
hemolinfa (Miles et al., 1981; Barrett, 1991; Salvatella et al., 1994) e estudos de
laboratorio confirmaram que algumas espécies podem completar seu ciclo de vida
alimentando-se em baratas (Salvatella et al., 1994; Lorosa et al., 2000; Ruas-Neto et al.,
2001). Recentemente, um estudo analisando os padrdes de alimentacdo de Belminus
herreri Lent & Wygodzinsky, 1979 mostrou que a barata pode ser a Unica fonte alimentar
identificada (Sandoval et al., 2004). Mas, apesar destes relatos sobre a possivel
ocorréncia da hemolinfagia nos Triatominae, estudos previos dedicados a determinagdo
das fontes de alimentacdo nao consideraram esta possibilidade (Carcavallo et al.,
1998d).

Os resultados das fontes de alimentacdo em ambiente peridoméstico mostraram
as aves como principal fonte alimentar de T. pseudomaculata, concordando com os
dados apresentados por Freitas et al. (2005). As galinhas tém sido reportadas como a

principal fonte de alimentacdo de T. infestans. Seriam responsaveis pela manutencéo de
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abundantes col6nias nas habitacdes humanas (Cecere et al., 1997; Gurtler et al., 1998).
Entretanto, no ambiente silvestre de Curaca, BA, nossos resultados parecem indicar que
as aves nao sao a fonte sanguinea primordial de T. pseudomaculata que,

conseguentemente, ndo seria um triatomineo ornitéfilo.

6.3.4. Apresenta T. pseudomaculata uma plasticidade comportamental em
relacdo ao seu habitat, quando se muda do ambiente silvestre para o
peridomicilio?

Foi realizado um estudo sobre T. pseudomaculata e T. juazeirensis (T.
brasiliensis, da Bahia, recentemente descrita por Costa & Felix, 2007) para conhecer a
selecdo de habitat destas espécies em ambientes silvestre e peridoméstico. Os
resultados mostraram claramente um completo isolamento entre T. pseudomaculata e T.
juazeirensis. A Ultima espécie, assim como as outras formas melanicas do “grupo
brasiliensis”, é encontrada exclusivamente em rochas (Costa et al., 1998; Dias-Lima et
al., 2003). Por outro lado, T. pseudomaculata € uma espécie arboricola encontrada em
buracos de arvores e ninhos de aves também localizados nas arvores. Com respeito a
esta espécie, os resultados discordam dos de Barretto (1967), um trabalho que reporta a
ocorréncia de T. pseudomaculata em cavidades rochosas. No peridomicilio as duas
espécies sdo encontradas em diversos ambientes, mas tanto T. pseudomaculata quanto
T. juazeirensis mostram uma marcada preferéncia por constru¢des em madeira, um
substrato que a ultima espécie nunca coloniza no médio silvestre. Estas observacdes
conflitam com as de Sarquis et al. (2006) que sugerem que, no Ceara, T. brasiliensis e T.
pseudomaculata tendem a colonizar ecotopos similares ao ambiente natural. Nossos
resultados mostraram também uma associacdo significativa entre estruturas
freqlentadas por cabras (principalmente currais) e a ocorréncia de grandes colbnias de
T. juazeirensis, concordando com Walter et al. (2005). Finalmente, o conjunto destes
resultados demonstra que existe uma plasticidade comportamental que permite a ambas
as espécies colonizar, no peridomicilio, substratos que ndo ocupam no ambiente

silvestre.

6.3.5. T.pseudomaculata e T. wygodzinskyi apresentam taxas elevadas de

infeccéo natural pelo T. cruzi?

Os resultados obtidos revelaram uma baixa taxa de infec¢éo por T. cruzi. Foram
encontrados apenas trés adultos de T. wygodzinskyi infectados com o parasita coletados

em Pido e Sertdonzinho, MG. Este é o primeiro registro de infeccdo natural para esta
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espécie. Existe um registro prévio de infeccdo para uma fémea de T. arthurneivai
coletada em Itauna, MG (Barretto & Riveiro, 1981). Devido ao fato de que os registros
desta espécie fora da Serra do Cip6é sédo duvidosos e que estes corresponderiam a T.
wygodzinskyi (manuscrito N°1), a identidade taxondmica do inseto positivo registrado por
Barretto & Riveiro (1981) fica sujeita a reavaliacao.

No caso de T. pseudomaculata, é notavel a auséncia de infec¢éo natural por T.
cruzi na regiao norte da Bahia. Resultados negativos foram encontrados na mesma area
de estudo por Santos (2003) e Emperaire & Romafna (2007). Um estudo sobre os
triatomineos peridomiciliados do Nordeste brasileiro realizado por Costa et al. (2003)
revelou uma taxa de infeccéo de 0.9% para esta espécie. Segundo esses autores, essa
taxa, relativamente baixa, poderia dever-se a associacdo desta espécie com aves,
refratérias da doenca. Porém, nossos resultados mostraram que aves ndo séo a fonte
principal destes triatomineos no ambiente silvestre.

Dados epidemiologicos revelam que T. juazeirensis apresentaria um avancado
processo sinantropico na Bahia e, por causa desse fato, poderia ser um vetor da doenca
de Chagas de importancia local (Silveira & Vinhaes 1998; Dias et al., 2002; Costa et al.,
2003). T. juazeirensis e as outras formas melanicas de T. brasiliensis comporiam o
conjunto de vetores primarios na regido semi-arida do Nordeste do Brasil (Costa et al.,
2003). Porém, o papel exercido por cada populacdo melanica que forma o complexo T.
brasiliensis continua incerto e precisaria ser esclarecido. Segundo dados da Secretaria
de Vigilancia em Saude, T. pseudomaculata representou mais de 20% das capturas em
ambientes humanos no estado da Bahia, em 1998, enquanto T. juazeirensis (citado
como T. brasiliensis nos relatorios) correspondeu a somente 10%. Nossos resultados
mostram que estas espécies ndo sdo comumente encontradas no interior das casas no
estado da Bahia, e apresentam muito baixa infeccdo por T. cruzi. Nao obstante,
considerando sua alta prevaléncia no peridomicilio e seu elevado potencial para
recolonizar os ambientes antropicos (tratados por inseticida) a partir de populacdes
silvestres, tanto T. pseudomaculata quanto T. brasiliensis (e suas formas melanicas)
devem ser considerados como vetores secundarios e motivo de continuo controle
(Diotaituti et al. 2000, Dias 2006).
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. CONCLUSOES

Triatoma maculata, T. pseudomaculata, T. arthurneivai e T. wygodzinskyi sao
taxa bem definidos independentemente das suas similitudes externas, sendo

diferenciaveis morfolégica ou molecularmente.

O “complexo T. maculata” segundo Carcavallo et al. (2000) ou “subcomplexo
maculata” segundo Dujardin et al. (2000) constitui um grupo polifilético e, por

tanto, deve ser desconsiderado.

A criacdo de um novo grupo chamado “subcomplexo wygodzinskyi” contendo T.
wygodzinskyi e T. pseudomaculata, € proposta sob a base da sua proximidade
filogenética além das elevadas similaridades morfoloégicas, morfométricas,
moleculares e biologicas. T. arthurneivai se apresenta como um possivel
candidato a formar parte deste grupo. Também se descarta a hipotese que
propds que T. pseudomaculata poderia ter sido originada a partir de populacdes

que ficaram isoladas durante o processo de dispersédo de T. maculata.

Os dados de distribuicdo geografica, biologia e ecologia disponiveis na literatura

sobre T. arthurneivai e T. wygodzinskyi eram poucos e confundidos.

Os registros de T. arthurneivai fora da sua localidade tipo na Serra do Cipé
correspondem a erros de identificacdo com T. wygodzinskyi.

T. pseudomaculata pode-se dispersar ativamente através do véo quando atraida
pela luz artificial, favorecendo assim, a possibilidade de ingressar e instalar-se

nas construgdes artificiais, e consequentemente se associar com o homem.

A distribuicdo geografica conhecida de T. pseudomaculata é congruente com 0s
modelos de distribuicdo preditivos obtidos a partir do sensoriamento remoto,
ficando associada as provincias biogeograficas de caatinga e cerrado. Os
modelos de distribuicdo geografica obtidos a partir de sensoriamento remoto

para T. wygodzinskyi predizem uma distribuicAo mais ampla que a conhecida,
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estendendo-se pelas provincias biogeograficas do Bosque Paranaense e

Bosque de Araucaria angustifolia.

T. wygodzinskyi e T. pseudomaculata apresentam ciclos bioldgicos de duracdo

parecida superior a 200 dias, o que reforca a hipétese que sejam espécies irmas.

Para alcancar o estado adulto, T. pseudomaculata ingere uma quantidade de
sangue maior do que T. wygodzinskyi.

Em ambiente silvestre, T. pseudomaculata é uma espécie arboricola estrita,
encontrada em troncos de arvores (sem preferéncias) e ninhos de aves e

roedores.

T. pseudomaculata embora ndo apresente uma significativa habilidade para
colonizar o domicilio, tem uma ampla capacidade para invadir estruturas
peridomésticas e, uma vez nesse ambiente sinantrépico, possui a capacidade de

colonizar substrato que ndo seja madeira.

As populacdes silvestres de T. pseudomaculata apresentam um déficit alimentar
marcante quando comparadas com populacées peridomésticas. Este déficit
alimentar, associado a capacidade de dispersdo pelo véo, poderia favorecer a

invasao e colonizacdo das estruturas sinantropicas.
T. pseudomaculata e T. wygodzinskyi podem-se alimentar tanto de sangue de

varios tipos de vertebrados quanto da hemolinfa de artrépodes, caracterizando

assim, uma hemolinfagia residual.
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Abstract

The present paper reports for the first time the capture of wild Triatoma brasiliensis and Triatoma pseudomaculata by means
of light traps in Brazil. We tested commercially available lighting devices powered by batteries to attract the bugs to a white piece
of cloth in the field. Two main findings showed to be significant: first, the results presented here show that light traps can be used
for sampling these species in wild environments; second, they reveal that house colonization by triatomines may also happen as
a consequence of the arrival of flying sylvatic bugs guided by artificial light sources. In addition, we discuss the effect of some
environmental and biological factors on triatomine flight activity modulation.

© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Triatomine bugs are vectors of Trypanosoma cruzi
Chagas, 1909, the etiological agent of Chagas dis-
ease. Currently, approximately 120 million people are
exposed to infection in Latin America and 16—18 million
are effectively infected with this parasite (TDR, 2002).
There are more than 130 species of triatomine bugs
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described, and most of them feed on endothermic ani-
mals. Some of these species are closely related to
human dwellings, and, therefore, they become epidemi-
ologically important to man. On the other hand, most
triatomines species are strictly sylvatic, almost with no
contact with humans. Between these two opposite situ-
ations, there is a continuous gradient for other species
sharing features of both groups (Schofield, 1994). This
is the case of Triatoma brasiliensis Neiva, 1911 and Tri-
atoma pseudomaculata Corréa & Espinola, 1964, the
two main vector species found in northeastern Brazil. T.
brasiliensis is typically found in rock piles, in associa-
tion with mammals and reptiles, and 7. pseudomaculata
is commonly found inhabiting hollow trees associated
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with birds (Carcavallo et al., 1997; Dias-Lima et al.,
2003).

The predominant landscape in our study area is
the “caatinga”, characterized by the presence of the
catingueira tree (Caesalpinia pyramidalis) in the north-
eastern Brazilian region. This dominant vegetal species
is distributed in rocky mountain ranges sparsely emerg-
ing from flat areas. Two different weather patterns can
be described for this region: a remarkably hot and
dry climate, that extends from May to the beginning
of December; and intermittent rains throughout the
rest of the year. As a consequence, there are many
differences regarding foliage abundance and, there-
fore, host availability for the insects. As for the two
Chagas disease vectors under study, T. brasiliensis is
mostly found in the rocky mountain ranges, while T.
pseudomaculata is more abundant in the flat areas of
“caatinga”.

Flight is one of the main mechanisms involved in
long-distance movements in insects. The dispersal for
either food or mate may be considered as the funda-
mental phenomena that induce them to fly. Nutritional
(Lehane et al., 1992; McEwen and Lehane, 1993) and
reproductive (McEwen and Lehane, 1994) status, as well
as population density (McEwen et al., 1993) and envi-
ronmental conditions, such as temperature (Lehane et
al., 1992; Schofield et al., 1992), are factors known
to modulate the flight activity in triatomines. Although

triatomines are predominantly walking insects, coloniza-
tion of new habitats seems to occur by flight and/or
by passive dispersal (Forattini et al., 1979). Flight may
be an important factor for the colonization of new
houses not only by domiciliated species but also by
wild species. Light may make human dwellings more
attractive to these bugs, but few reports on light trap cap-
tures have supported this presumption (Tonn et al., 1978;
Schweigmann et al., 1988; Wisnivesky-Colli et al., 1993;
Noireau and Dujardin, 2001; Vazquez-Prokopec et al.,
2004).

In this work, we analyzed whether 7. brasiliensis and
T. pseudomaculata can be captured in the field using light
traps.

2. Materials and methods

The collecting area is located near Curacgd, Bahia State
(S 8°57" W 39°49’; 500 m a.s.l.), northeastern Brazil, in
the caatinga region. In this area, natural colonies of both
T. brasiliensis and T. pseudomaculata had been previ-
ously found by Dias-Lima et al. (2003). 15 light trap
captures were done at two different sylvatic locations:
a plain zone with arboreal vegetation (site a: 9 nights)
and a pile of rocks on a foothill (site b: 6 nights). Only
one light trap was operated during the 15 nights in three
different periods (November 2001, November 2003 and
May 2004, see Table 1).

Table 1
Triatomines captured by means of battery-powered light traps in Curacd, Bahia State, Brazil
Date Site Triatoma brasiliensis T. pseudomaculata Wind Moon
Males Females Males Females

November 2001 b 2 1 1 Weak No

b - 1 - - Weak No

b — - - - Strong No

b 1 1 - 1 Weak No
November 2003 a - - - - None No

a 1 - 2 1 Weak No

a - - 1 1 Intermediate No

a - - 1 - None No

a - - 1 1 Intermediate No

a - - - 2 Weak No
April 2004 a - - - 1 Intermediate No

a - - - 1 Intermediate No

b? - - - - Strong No

a 1 - 2 - Weak Cloudy

b - - - - Weak Yes
Total 5 3 7 9

Insects were collected in wild environments during November 2001, November 2003 and April 2004. Capture sites corresponding to (a) “caatinga”

plain; (b) rock piles on ridges of foothills.
4 A male of Panstrongylus lutzi was captured.
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Two different battery-powered lighting devices were
used: (i) an ATOMLUX 2050 Solar Design for four
nights (2001 campaign) and; (ii) a Coleman 5359 Series
(lamp HF/ED .13 W/6500 °K) for 11 nights (2003
and 2004 campaign). The trap arrangement consisted
of two pieces of white cloth (3 m x 2m), one vertically
extended and the other laid on the ground in order to pre-
vent specimens from falling onto the ground when flying
against the vertical cloth. The trap system was illumi-
nated by the lighting device set 1 m away from the cloth
and 1 m above ground. The whole device was mounted
in daylight and the lights were turned on 30 min before
sunset. If there was no triatomine captures after a period
of approximately 1 h, traps were inactivated, i.e., lights
were turned off.

All the triatomines that flew into or around the trap
were caught with a forceps and collected in vials. Upon
arriving in the laboratory, the species and sex of each
individual were identified and recorded. Daily prevail-
ing weather conditions during the sampling period were
noted down, as well as the presence or absence of moon-
light. Wind intensity was evaluated visually. A lack of
movement of the trap cloths and the leaves in the sur-
rounding vegetation was considered as “no wind”. An
intermediate situation was that in which the cloths and
leaves moved slightly. For a single night, in which the
clots were permanently inflated by the predominant air
current, strong wind conditions were recorded.

3. Results

Triatomines reached light traps in 73% of the nights
(11/15). The table shows the total number of cap-
tures, dates, sites, species and sex. T. pseudomaculata
showed to be the predominant bug species collected
and T. brasiliensis represented one-third (8/24) of the
total number captured bugs. Additionally, a Panstrongy-
lus lutzi male specimen was captured. No significant
differences were observed in the sex ratio of the col-
lected insects of both species (Table 1). Differences
were observed between the number of captures per-
formed during the dry (November 2001, 2003) and
humid (May 2004) seasons. More insects were collected
during the former (1.9 insects/night) than during the later
(1 insect/night). According to our visual evaluation, all
the triatomines collected showed to have flat abdomens
characteristic of a fasting status.

The sites chosen for setting up the traps affected the
ratio of species captured (Table 1, Fig. 1). When traps
were set up on the plain caatinga, most triatomines cap-
tured were 1. pseudomaculata, whereas T. brasiliensis
was found in a higher proportion on the foothill.
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Fig. 1. Percentage of triatomines of each species captured with light
traps at each of the two wild environments of Curacgd, Bahia State,
Brazil.

4. Discussion

Our data suggest that 7. brasiliensis and T. pseudo-
maculata are attracted by light. Thus, light traps can be
used for sampling purposes, allowing the capture of live
wild triatomines for laboratory study. The frequency of
arrivals observed with these triatomine species was sim-
ilar to that reported by Noireau et al. (2000) using light
traps for capturing Triatominae. On the other hand, cap-
tures were scarce if compared with those of T. protracta,
T. sordida and T. guasayana in other studies (Sjogren
and Ryckman, 1966; Noireau and Dujardin, 2001).

The arrival of wild triatomine adults to our light trap
suggests that light sources may enable bugs to colonize
dwellings. If houses with artificial light were located at
such capturing sites in the caatinga, one could expect that
approximately 1.7 triatomines would reach these houses
every night (88% being T. pseudomaculata). Because the
sampling sites were located at least 2 km away from the
nearest dwellings, it is likely that the insects captured
were sylvatic. All of them were apparently in a fasting
status, and 7. brasiliensis, particularly, seemed to be very
active at the time of their capture and motivated for feed-
ing (they spontaneously extended their proboscis when
captured).

The Triatominae fauna of the surrounding areas,
where light trap surveys were carried out, was studied
by Dias-Lima et al. (2003), showing that out of 58 trees
investigated by means of live bait traps, 43.1% were pos-
itive for T. pseudomaculata and none for T. brasiliensis,
which was the prevailing species found among rocks.
One adult specimen of P. [utzi was also collected in
a rocky shelter. Our results confirm that each species
prefers different sylvatic habitats (see Fig. 1). Because
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the two different collection habitats were approximately
500m apart and presented an altitude difference of
approximately 60 m, we suggest that the effective range
of light traps is a few hundred meters away from
the actual collection sites. This resembles the results
obtained by Vazquez-Prokopec et al. (2004) with 7. infes-
tans.

Some literature data (McEwen and Lehane, 1994;
Lehane et al., 1992) suggest that the active process of
colonization occurs by flying gravid starved females.
Our survey suggests that both males and females of the
species under study are equally motivated to approach
light sources, as recently showed by Minoli and Lazzari
(2006) in laboratory assays conducted with 7. infestans
and Rhodnius prolixus. The arrival of individuals of both
sexes to houses as a response to light sources would
facilitate the establishment of new domestic colonies.

The light trap success in collecting bugs during the
two different survey periods (dry season, November, and
humid season, April) contrasts with the collecting results
by dissection of dead trunks when performed simulta-
neously (Carbajal de la Fuente et al., in preparation).
The proportion of 7. pseudomaculata adults collected
in the trunks in November was lower compared to that
observed in April. A low number of adults and small
nymphs are normally captured during the dry season
through habitat dissection, but figures change drastically
as many well fed larger nymphs and adults are found
inside tree-logs during the wet season. This dramatic dif-
ference with the captures of flying adults may mirror a
modification of the nutritional status of insects between
these two opposite environments. Therefore, our data
may indicate that adult triatomines can fly more fre-
quently in search for food sources during the dry season.

This work contributes to understand the dispersal
mechanisms used by two epidemiologically important
triatomine bugs, demonstrating that they can disperse
by flight. Moreover, it shows that light from dwellings
affects the orientation of these bugs during flight. We
show here that T. brasiliensis and T. pseudomaculata are
able to actively invade human houses with light sources.
Finally, this report presents relevant information for Cha-
gas disease control programs and scientists studying
these triatomines, since it demonstrates that light traps
can be employed as adult sampling/monitoring tools in
this region.
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Abstract

The maculata group currently comprises two species of Triatominae, Triatoma maculata and Triatoma pseudomaculata, which share
morphologic and chromatic characteristics. In order to clarify the systematic status of these two vectors of Trypanosoma cruzi and to infer their
evolutionary relationships, we performed an enzymatic, morphometric and cytogenetic comparison of them, also taking into account two sister
species not included in the group (7. arthurneivai and T. wygodzinskyi). According to our results, 7. maculata and T. pseudomaculata belong to
distinct evolutionary lineages. Similarly, 7. arthurneivai topotypes from Minas Gerais form an independent isolated group by morphometrics. Our
results also support the specific status of the Triaroma population from Sdo Paulo State (formerly referred to 7. arthurneivai), and suggest the
possibility that it is 7. wygodzinskyi. Finally, we suggest that only the arboricolous 7. pseudomaculata from northeast Brazil and the rupicolous
sister species originated from Sdo Paulo State should be classified together in the same group.
© 2007 Elsevier B.V. All rights reserved.

Keywords: Triatoma maculata; T. pseudomaculata; T. arthurneivai; T. wygodzinskyi; Multilocus enzyme electrophoresis (MLEE); Morphometrics; Cytogenetics;
Taxonomy; Phylogeny

1. Introduction

Triatoma maculata (Erichson, 1848) is a triatomine species
found in Venezuela, Colombia, the Roraima state in Brazil,
Suriname, Guyana, French Guiana and also in the Caribbean
islands of Aruba, Bonaire and Curacio (Carcavallo et al., 1999).
It shares many morphologic and chromatic characteristics with
Triatoma pseudomaculata Corréa and Espinola (1964), a
species that occurs throughout northeastern Brazil. For this

* Corresponding author at: Facultad de Medicina, Universidad Mayor San
Simé6n, Cochabamba, Bolivia. Tel.: +591 2 278 29 69; fax: +591 2 278 29 44.
E-mail address: francois.noircau@ird.fr (F. Noireau).
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reason, 1. pseudomaculata remained misidentified for more
than a century before being described from insects collected in
the Ceara State. According to the current hypothesis about their
origin, . maculata and T. pseudomaculata resulted of from the
evolution of two geographic populations derived from a
common ancestor by passive dispersion of nymphs associated
with migratory birds (Schofield, 1988). Because both species
display great similarity, they form the maculata group
(Carcavallo et al., 2000; Dujardin et al., 2000). Two other
species, Triatoma arthurneivai Lent and Martins, 1940 and
Triatoma wygodzinskyi Lent, 1951, exhibit morphological
similarities with 7. maculata and T. pseudomaculata, which led
Carcavallo et al. (1997) to considerate their relationship with
the group.
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Table 1

Known distribution and some ecological traits of 7. maculata, T. pseudomaculata, T. arthurneivai and T. wygodzinskyi

Species Geographic distribution Silvatic habitat Trends to domesticity ~ References

T. maculata Brazil (RR), Colombia Venezuela, Palm tree, hollow tree, + Tonn et al. (1978), Carcavallo et al. (1998),

Surinam, Guyana, French Guiana,
Caribbean islands

Brazil (AL, BA, CE, DF, GO, MG,
PB, PE, PI, RN, SE, TO)

Brazil (MG, PR, SP)

T. pseudomaculata
T. arthurneivai

T. wygodzinskyi Brazil (MG) N.R.

bird nest, bromeliad
Hollow tree, bird nest +

Rocky formation

Carcavallo et al. (1999)

Carcavallo et al. (1999), Vinhaes and
Dias (2000), Dias-Lima et al. (2003)

N.R. Forattini et al. (1968), Barretto and
Ribeiro (1981), Carcavallo et al. (1999)
N.R. Lent and Wygodzinsky (1979)

N.R.: not recorded. AL (Alagoas), BA (Bahia), CE (Ceara), DF (Distrito Federal), GO (Goias), MG (Minas Gerais), PB (Paraiba), PE (Pernambuco), PI (Piaui), PR
(Parand), RN (Rio Grande do Norte), RR (Roraima), SE (Sergipe), SP (Sdo Paulo), TO (Tocantins).

T. arthurneivai was described from a type material collected
in the Serra do Cipd, Minas Gerais State, Brazil, and was later
reported in the Sdo Paulo State where its eco-biological traits
were described (Corréa et al.,, 1965; Forattini et al., 1968;
Barretto and Ribeiro, 1981). T. wygodzinskyi was described
from a small number of specimens collected, on a single
occasion, in the south of Minas Gerais State. The known
distribution and some ecological traits of all four species are
reported in Table 1.

Sylvatic T. maculata and T. pseudomaculata are known to
exist in a variety of arboreal habitats while T. arthurneivai is
found only in the cracks of stones (Table 1). The ecological
traits of 7. wygodzinskyi are unknown. T. maculata is
considered to be a secondary vector of Trypanosoma cruzi to
man in Venezuela and Colombia and also in the State of
Roraima, Brazil, where a process of domestication is occurring
(Feliciangeli et al., 2003; Luitgards-Moura et al., 2005). T.
pseudomaculata is an autochthonous species of ‘“‘caatingas™, a
set of xerophytic formations located in northeast Brazil which
is characterized by the fall of leaves during the dry season and
the abundance of cacti and bromeliads (Forattini, 1980).
Additionally, T pseudomaculata is typically a vector candidate
which was originally restricted to wild environments and is
currently reported to be invading artificial structures (Silveira
and Vinhaes, 1998). Thus, T. pseudomaculata must be regarded

Table 2
Characteristics of the different samples analyzed

as a species that has not yet completed its transition to a
domestic habitat.

The importance of phylogenetic information in interrelations
of ecosystems, population dynamics, evolutionary trends and
possibilities for control is recognized, particularly when disease
vectors such as Triatominae are involved. Such information can
provide new clues to understand the synanthropic process when
sister species exhibit a marked difference. The evolutionary
relationship between T. maculata and T. pseudomaculata is still a
matter of debate that deserves deeper analysis as various authors
hold opposing views about their lineages (Hypsa et al., 2002;
Sainz et al., 2004; De Paula et al., 2005). In order to further
ascertain the systematic relationships of both epidemiologically
important taxa and sister species (1. arthurneivai and T.
wygodzinskyi), we used multilocus enzyme electrophoresis,
morphometric and cytogenetic techniques.

2. Materials and methods
2.1. Triatominae

Specimens from three of the four triatomine species
analyzed in this paper were obtained from laboratory colonies

and used for multilocus enzyme electrophoresis (MLEE) and
cytogenetics. T. wygodzinskyi, which is unavailable as a

Species identification Code® Geographic origin Latitude, longitude Year of collecting No. of individuals studied by
MLEE Morphometrics Cytogenetics
T. maculata Tm-RR Boa Vista, RR 2°49'N,60°40'W 2001 27 13 4
Tm-VN Venezuela - 20 -
T. pseudomaculata Tps-CE Sobral, CE 3°42'S,40°21'W 2001 4 5 5
Tps-PI Joao Costa, PI 3°53'S,42°07W 2002 10 9 -
Tps-BA Curaca, BA 9°28'S,39°44'W 2002 27 35 4
Tps-PE Caruaru, PE 8°16/S,35°58'W 2001 - 7 -
T. arthurneivai Ta-SP E. S. de Pinhal, SP 22°11'S,46°45'W 2001 19 8 4
Ta-MG Serra do Cip6, MG 19°11'S,43°22'W 1940 - 9 -
T. wygodzinskyi Tw-MG Sta Rita de Caldas, MG 22°01'S,46°19W 1951 3 -

? A symbol code is used to identify the samples. The first symbol represents the species (Tm for T. maculata, Tps for T. pseudomaculata . . .) and the second one the
geographic origin after a hyphen (BA: Bahia, CE: Ceara, MG: Minas Gerais, PE: Pernambuco, PI: Piaui, RR: Roraima, SP: Sdo Paulo, VN: Venezuela). With the

exception of Venezuela, all the geographic origins are situated in Brazil.
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laboratory colony given the extreme rarity of collected
specimens, could not be analyzed by these genetic markers.
For morphometric analysis, we used the same laboratory
colonies and also included the topotypes of T. arthurneivai and
T. wygodzinkyi (both from Minas Gerais, Brazil) conserved in
the entomological collection of Oswaldo Cruz Institute. Data
on populations and number of individuals studied by MLEE,
morphometrics and cytogenetics are summarized in Table 2.

2.2. Multilocus enzyme electrophoresis

Nymphal instars and adults of both sexes were used. Thoracic
muscles were dissected out and ground in 100 pl of an enzyme
stabilizer (dithiothreitol, E-aminocaproic acid and EDTA, each
at2 mM). Extracts were stored at —70 °C prior to use. Multilocus
enzyme electrophoresis (MLEE) was performed on cellulose
acetate plates (Helena Laboratories, Beaumont, TX). The
following 16 enzyme systems were assayed: aconitate hydratase
(ACON, EC 4.2.1.3); diaphorase (DIA, EC 1.6.2.2); fructose-1,
6-diphosphatase (FDP, EC 3.1.3.11); fumarate hydratase (FUM,
EC 4.2.1.2); glutamate dehydrogenase (GDH, EC 1.4.1.3);
aspartate aminotransferase (GOT, EC 2.6.1.1); glycerol-3-
phosphate dehydrogenase (GPD, EC 1.1.1.8); glucose phosphate
isomerase (GPI, EC 5.3.1.9); glucose-6-phosphate dehydrogen-
ase (G6PD, EC 1.1.1.49); hexokinase (HK, EC 2.7.1.1);
isocitrate dehydrogenase (IDH, EC 1.1.1.42); malate dehydro-
genase (MDH, EC 1.1.1.37); malic enzyme (ME, EC 1.1.1.40);
mannose-phosphate isomerase (MPI, EC 5.3.1.8); phosphoglu-
comutase (PGM, EC 2.7.5.1); and 6-phosphogluconate dehy-
drogenase (6-PGDH, EC 1.1.1.44). Electrophoresis and enzyme
staining were performed as described previously by Ben
Abderrazak et al. (1993) and Noireau et al. (1998). Genotype
frequencies were obtained by direct genetic interpretation of gel
banding patterns. Genetic variability was estimated by the
percentage of polymorphic loci (P) and the mean expected
heterozygosity (He). Nei’s standard genetic distance (Nei, 1987)
was used to compare gene frequency differences between species
or populations.

2.3. Cytogenetics

Testes were removed from freshly killed adults, fixed in an
ethanol-acetic acid mixture (3:1) and stored at —20 °C. Air-
dried chromosome preparations were made by squashing
gonads in 50% acetic acid, freezing them in liquid nitrogen and
removing the coverslip with a razor blade. The C-banding
technique was performed as reported by Pérez et al. (1997) in
order to observe the distribution and behavior of C-hetero-
chromatin during mitosis and meiosis. Observations were
carried out with a Nikon Microphot FX microscope (Nikon,
Tokyo, Japan). The photographs in the bright field microscope
were made with Ilford 50 film (Ilford Ltda, Cheshire, U.K.).

2.4. Morphometrics

Measurements were made on the head and thorax of each
specimen by the same investigator according to Casini et al.

(1995). The nine head measurements were: inner distance
between the eyes, inner distance between ocellae, ante-ocular
distance, post-ocular distance excluding the neck, length of the
antenniferous tubercle, head length, and length of the 1st, 2nd
and 3rd rostral segments. The four measurements performed on
the thorax were: width of the collar of the thorax, thorax partial
width at the intersection of the fore and median lobes, thorax
total width between the humerus, and the total length of the
thorax excluding the scutellum. Head log-transformed char-
acters, together with thorax log-transformed characters, were
scaled for size by subtracting row means and submitted to a
principal component analysis (Darroch and Mosimann, 1985).
To preserve an acceptable number of variables relative to the
smallest group, the seven first components were retained and
used as input for a so-called “‘size-free discriminant analysis”
on the four groups. The three specimens of 7. wygodzinskyi
were classified on the basis of their Mahalanobis distance to
each group centroid and projected onto the factorial map of the
first two discriminant factors. For morphometric analyses and
their graphical display, we used the PAD and related
morphometric software modules freely available at http:/
www.mpl.ird.fr/morphometrics.

3. Results
3.1. Isoenzyme electrophoresis

A single zone of enzymatic activity or locus was scored for
ACON, DIA, FDP, FUM, GDH, GOT, GPI, IDH, MDH, MPI,
PGM and 6PGDH, while two loci were scored for ME. The
HK and G6PD enzymes were excluded from the analysis
because they could not be reliably scored, and the GPD
enzyme because it was dependent of the insect stage. Thus,
the studied set of enzymes represented a total of 14 gene loci.
Three polymorphic loci (P =0.21) were found for the T.
pseudomaculata from Piaui (Tps-PI), two (P =0.14) for T.
maculata (Tm-RR) and T. pseudomaculata from Bahia (Tps-
BA). For the other populations (Tps-CE and Ta-SP), the
different loci were monomorphic. The estimate of gene
diversity (or mean expected heterozygosity, He) was 0.07
(Tm-RR), 0.06 (Tps-PI) and 0.05 (TPs-BA), respectively. The
genotype proportions for the polymorphic loci showed no
significant departures from the expectations of the Hardy—
Weinberg equilibrium (calculated by fixation index F;
P > 0.05). Only two loci (Dia and Me2) did not present
intergroup variation. Eleven loci (Gdh, Fdp, Fum, Gdh, Got,
Gpi, Idh, Mdh, Mpi, Pgm and 6Pgdh) and 12 loci (Gdh, Fdp,
Fum, Gdh, Got, Gpi, Idh, Mdh, Mel, Mpi, Pgm and 6Pgdh)
allowed us to differentiate 7. maculata from T. pseudoma-
culata and T. arthurneivai, respectively. One or two diagnosis
loci (Mel and 6Pgdh) were found between T. arthurneivai and
T. pseudomaculata, depending on the geographic origin of
these last samples (Table 3). T pseudomaculata populations
and T arthurneivai were separated by genetic distances
>0.10. Higher genetic distances (from 1.48 to 1.51) were
observed between T. maculata and the T. pseudomaculata
populations (Table 3).
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Table 3
Number of isoenzyme diagnosis loci (above diagonal) and Nei genetic distance
(below diagonal) between the samples analyzed

Tm-RR Tps-CE Tps-PI Tps-BA Ta-SP
Tm-RR - 11 11 11 12
Tps-CE 1.50 - 0 0 2
Tps-PI 1.51 0.01 - 0 1
Tps-BA 1.48 0.09 0.06 - 1
Ta-SP 1.91 0.15 0.11 0.11 -

Tm: T maculata (RR: Roraima); Tps: T. pseudomaculata (CE: Ceara, PI: Piaui,
BA: Bahia); Ta: T. arthurneivai (SP: Sao Paulo).

3.2. Cytogenetics

The males of the three species had the same diploid
chromosome number (2n = 22), constituted by 20 autosomes
and a pair of sex chromosomes (XY). The analysis of the
C-banding patterns in gonial mitosis and the meiotic
chromosome behavior showed that the three species presented
different amounts and distribution of autosomal heterochro-
matin. Moreover, all individuals of each species presented only
one C-banding pattern. These differences in the heterochro-
matin content were clearly observed during early meiotic
prophase (Fig. 1). T. arthurneivai consisted completely of
euchromatic autosomes (i.e. without heterochromatin) and
only the Y chromosome was heterochromatic. During early
meiotic prophase, there was one heteropycnotic chromocenter
formed only by the association of the XY sex chromosomes
(arrow Fig. la). In T. maculata most autosomes presented
terminal and small C-heterochromatic dots that appeared
scattered throughout the nucleus (Fig. 1b). In T. pseudoma-
culata only three or four autosomes appeared with C-regions,
but some of them were closely associated with the sex
chromosomes (arrowheads Fig. 1c). The number of C-
heterochromatic dots was higher in 7. maculata than in T.
pseudomaculata (compared Fig. 1b with c¢). The C-banding
patterns detected in gonial mitosis (data not shown) were in
agreement with the ones observed during meiotic prophase
(Fig. 1).
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Fig. 2. Factorial map based on the measurements of head and thorax of adults of
Triatoma maculata (Tm-RR and Tm-VN), T. pseudomaculata (Tps-CE, Tps-PI,
Tps-BA, Tps-PE), Triatoma arthurneivai from Sdo Paulo (Ta-SP), and T.
arthurneivai (Ta-MG). The three T. wygodzinskyi specimens were introduced
as supplementary data after completion of the discriminant analysis, and
projected onto the factor map (Tw-MG, white cross). DC1 and DC2 are first
and second discriminant function derived from size-free components.

3.3. Morphometrics (Fig. 2)

The first discriminant function derived from size-free
components completely separated 7. maculata from the
remaining species. There was an obvious subdivision within
the T. arthurneivai taxon, one group (Ta-SP) overlapping with
T. pseudomaculata, the other one (Ta-MG) behaved as an
independent, isolated group. The projected specimens of T
wygodzinskyi were compatible with either 7. arthurneivai from
Sao Paulo or T. pseudomaculata.
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Fig. 1. Representative C-banding patterns observed at meiotic prophase (diffuse stage) in male specimens of Triatoma arthurneivai, T. maculata and T.
pseudomaculata: (A) T. arthurneivai from Sdo Paulo: the association of the XY sex chromosomes constituted one heterochromatic chromocenter (arrow). All
autosomal bivalents were euchromatic while that the Y chromosome is heterochromatic. (B) 7. maculata: almost all autosomes had small heterochromatic C-dots that
appear scattered throughout the nucleus. (C) 7. pseudomaculata: this species had a chromocenter (arrow) formed by the association of the sex chromosomes with the
heterochromatic regions of one autosome (arrowheads). This species presented fewer heterochromatic C-dots than 7. maculata.
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4. Discussion

With the exception of T. maculata that occurs in Venezuela
and some regions of adjacent countries, all the other species are
Brazilian and spread from the northeastern (7. pseudomaculata)
to central Brazil (T. arthurneivai and T. wygodzinskyi). T.
maculata and T. pseudomaculata are arboricolous and
allopatric, being separated by the Amazon forest (Carcavallo
et al., 1999). Because T. maculata is commonly found indoors
and infected with 7. cruzi, it is considered the second most
important Chagas disease vector in Venezuela (Lent and
Wygodzinsky, 1979; Feliciangeli et al., 2003). As for T.
pseudomaculata, it is often found in peridomestic areas and can
occasionally invade human dwelling (Silveira and Vinhaes,
1998). It should be considered to be a vector candidate and thus
be monitored. On the other hand, T. arthurneivai and T.
wygodzinskyi are exclusively sylvatic. T. arthurneivai is
rupicolous while the habitat of T. wygodzinskyi is unknown.
Both species occur in sympatry in southern Minas Gerais
(Carcavallo et al., 1999).

Specific taxonomic status and population structuring/
relationships were first assessed by isoenzyme electrophoresis.
Isoenzyme analysis is a classic technique that has remained a
valuable tool to address the correct level of phylogenetic
divergence in several organisms, including Triatominae (Hartl
and Dykhuisen, 1984; Dujardin et al., 2000). In order to obtain
reliable estimates of genetic distance, it is important to examine
a large number of loci rather than a large number of individuals
(Richardson et al., 1986; Nei, 1987). With a total of 14 gene loci
examined and sample sizes ranging from 8 to 20 individuals by
population (except for the Tps-CE population originated from
the type locality, with only 4 individuals), our work allows a
reliable analysis on evolutionary relationships. Although the
apparently null or very low levels of genetic variation in
populations analyzed (with He ranging from 0 to 0.085) might
be attributed to the small sample sizes and the colony origin of
the specimens, it is in agreement with other studies that indicate
low isoenzyme variability in Triatominae (Dujardin et al.,
2000). In several groups of triatomines, allozyme electrophor-
esis was successful used for the distinction of cryptic species
and the determination of the correct status of dubious
populations (Panzera et al., 1995; Noireau et al., 1998).
According to Noireau et al. (1998) and Dujardin et al. (2000),
values of genetic distance higher to 0.10 are supposed to
indicate specific rank in triatomines.

For morphometrics, the removal of size was intended to
allow partitioning of environmental differences (size related)
from evolutionary influences (Hutcheson et al., 1995). This
statistical processing of initial measurements has been used
successfully to ascertain evolutionary relationships in Triato-
minae (Dujardin et al., 1999). Seven shape components were
retained for species/populations characterization and discrimi-
nation, and these seven variables contributed to 93% of the total
shape variation. Out of the two discriminant functions, the first
one represented 84% of the variation, to which size was slightly
(7%) contributing. Thus, on the basis of this model, the three
specimens of T. wygodzinskyi were projected, and their

tentative attribution obtained by comparing Mahalanobis
distances with the three species.

Because its morphology is very similar to T. maculata, T.
pseudomaculata has remained misidentified for a long time
before being ranked as a distinct species based on experimental
crossings (Corréa and Espinola, 1964). Our results obtained
with MLEE (11 diagnostic loci and genetic distance ~1.50),
cytogenetics (the two species exhibit differences in hetero-
chromatin content) and morphometrics strongly support that 7.
maculata and T. pseudomaculata do not exhibit close
phylogenetic affiliation and belong to distinct lineages. This
result is consistent with the proposal of Hypsa et al. (2002) and
De Paula et al. (2005) that made use of mitochondrial rDNA
sequences (16S), but disagrees with the analysis of mitochon-
drial DNA sequences performed by Sainz et al. (2004),
suggesting that 7. maculata and T. pseudomaculata are closely
related species. This discordance can be attributed to the
misidentification of the specimens of T. maculata used by Sainz
et al. (2004). These authors analyzed specimens from Sergipe
(Brazil), which is the geographic location of T. pseudomaculata
but not of 7. maculata. In conclusion, the current opinion
suggested by Schofield (1988) that both species originated as
allopatric populations derived from a recent common ancestor
can be discarded.

The existence of diagnostic loci (1 or 2) and genetic
distances >0.11 between T. pseudomaculata populations and T.
arthurneivai from Sao Paulo (Ta-SP) were consistent with the
hypothesis of distinct species. This assumption is also
supported by cytogenetic findings. The difference in hetero-
chromatin content reported here (Fig. 1) reveals genetic
differences between the species analyzed in a level similar to
the ones observed among other triatomine species (Panzera
et al., 1995; Pérez et al., 2002). Surprisingly, morphometrics
shows a clear differentiation between the two geographic
populations of T. arthurneivai: the specimens from SP are
grouped with T. pseudomaculata and T. wygodzinskyi, while the
topotypes Minas Gerais (Ta-MG) form an independent and
isolated group. Consequently, our results support the hypothesis
that the population from SP should be regarded as a distinct
species closely related to T. pseudomaculata and T. wygod-
zinskyi. It is likely that the field works dedicated to T.
arthurneivai from the SP State had involved this Triatoma sp.
(Corréa et al., 1965; Forattini et al., 1968; Barretto and Ribeiro,
1981). Similarly, the phylogenetic analyses using rDNA
sequences, which clustered 7. pseudomaculata and T.
arthurneivai, involved individuals from SP (Triatoma sp.)
and not T. arthurneivai topotypes from MG (Hypsa et al., 2002;
De Paula et al., 2005).

Because morphometrics shows the projection of the three 7.
wygodzinskyi specimens over or close to Triatoma sp. from SP
(Fig. 2) and both populations occur in the same region of
southeastern Brazil, we put forward the hypothesis that they
belong to the same species, i.e. T. wygodzinskyi. Nevertheless,
the fact to compare topotypes of T. arthurneivai and T.
wygodzinkyi, deposited in entomological collection for more
than 50 years, with Triatoma specimens from SP freshly
collected requires caution. New collecting and further studies
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are necessary before establishing the taxonomic status of
Triatoma sp. from SP. Lastly, the close evolutionary relation-
ships between T. pseudomaculata and Triatoma sp. from SP
(formerly T. arthurneivai) are clearly demonstrated by our
isoenzyme study, which is in agreement with the molecular
analyses of Hypsa et al. (2002) and De Paula et al. (2005). The
low genetic distances (0.11-0.15) (Table 3) indicate that both
species belong to the same evolutionary lineage.

The current classification of Triatominae in species groups is
based mainly on extensive phenotypical similarities rather than
their evolutionary relationships and behavioral/ecological
shared traits (Usinger et al., 1966; Carcavallo et al., 2000).
If we support our classification only in morphological traits, the
maculata group has to include all the species studied here.
However, if we consider that the species composing a group
must also share genetic traits, the existence of a maculata group
is questionable. Only the arboricolous 7. pseudomaculata and
the rupicolous sister Triatoma sp. from the Sao Paulo State
should be classified in a same evolutionary group.
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ABSTRACT
Observations on the ecology of silvatic Triatominae are still fragmentary, principally because target species

in control process are almost exclusively domestic. Report of silvatic species invading human dwellings

must lead research to be focused on their original ecology, in order to assist in understanding their process

of domestication and devising strategies for surveillance.

Key words: Chagas disease, Triatominae, silvatic environment, ecology.

INTRODUCTION

Chagas disease is ranked as one of the most impor-
tant parasitic diseases in Central and South America
in terms of social and economic impact (Schofield
1994). When in the early 1990s more than 16 million
people were infected, control interventions success-
fully pursued in wide areas of Latin American are
estimated to have reduced incidence of Chagas dis-
ease in Southern Cone countries by 60up to 99% in
Uruguay and Chile (WHO 1991, Dias et al. 2002,
WHO/CTD 2004). The disease is caused by infec-
tion with the protozoan parasite Trypanosoma cruzi,
mainly transmitted in the fecal droppings of infected
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insect vectors. These are large blood-sucking bugs
and form a subfamily of the Hemiptera named
Triatominae. Their current classification is based
mainly on the revision by Lent and Wygodzinsky
(1979). According the more recent checklist of valid
species, there are now 137 species placed in this Re-
duviid subfamily (Galvdo et al. 2003). The great
partof them is widespread in the Americas and main-
tains enzootic cycle involving wild mammals in a
variety of biotopes. According to Rodriguero and
Gorla (2004), the species richness of the New World
Triatominae increases from the poles towards the
equator, peaking over the 5°-10°S latitudinal band.

Several triatomine species have adapted to hu-
man dwelling, becoming vectors of Chagas disease.
Control of disease relies primarily on interruption
of transmission by elimination of these domestic
vector populations. Its expected success is aided

An Acad Bras Cienc (2005)77 (3)
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by some basic characteristics of Triatominae that
make them especially vulnerable to control inter-
ventions. They are slowly reproducing insects, with
a low capacity of active dispersal, and they have a
low population genetic variability. Particularly im-
portant is the almost exclusively domestic nature of
target species as Rhodnius prolixus and Triatoma
infestans (Schofield 1994), with the exception of re-
stricted areas in the Bolivian Andes and Chaco where
wild populations of 7. infestans have been reported
(Noireau et al. 2005). Finally, except the eggs, all
stages are susceptible to insecticides. However, re-
sistance to deltamethrin was recently detected in Ar-
gentinean field populations of T infestans (Gonzalez
Audino et al. 2004).

In many areas of Latin America, report of sil-
vatic species invading synanthropic structures leads
research to be focused on their natural ecology and
role in the transmission to man of Trypanosoma
cruzi. Such researches still fragmentary must be
expanded in order to assist in understanding the pro-
cess of domestication and devising strategies for
surveillance.

THE SYNANTHROPIC TRENDS

According to their epidemiological importance, the
triatomines may be classified depending on their
grade of association with man (Dias and Diotaiuti
1998). The species defined as primary (R. prolixus
and T. infestans) are colonizing permanently the hu-
man dwelling, usually in high density, are clearly
anthropophilic and present significant index of nat-
ural T cruzi infection. Besides the primary vec-
tors, many other triatomine species are displaying
synanthropic trends. According to the expanse of
their area of distribution, their potential for coloniz-
ing human dwelling and proved vectorial capacity,
these originally wild species are denominated sec-
ondary species, such as Triatoma brasiliensis and
Panstrongylus megistus, or vector candidates as Tri-
atoma sordida and Triatoma pseudomaculata. The
secondary species are generally autochthonous of
the region and capable of invading and colonizing

An Acad Bras Cienc (2005) 77 (3)

the houses in the absence of a primary species (Dias
and Diotaiuti 1998). Being native and ubiquitous,
they occupy generally natural or artificial ecotopes
close to the houses, are associated to wild or perido-
mestic animals and exhibit different grades of an-
thropophily. In particular situations, they can consti-
tute large colonies inside the houses. Lastly, they are
proved vectors in the transmission to man of 7. cruzi.
The vector candidates invade the peridomestic struc-
tures but are not capable of colonizing the human
dwelling. Generally, the question of whether or not
they can transmit 7. cruzi to man is resolved (Noireau
etal. 1999). Although anthropogenic environmen-
tal changes and succeeding damage to triatomine
biotopes seem to promote dispersion and favor the
synanthropic process of silvatic species, the basic
mechanisms of adaptation of the insect to artificial
ecotopes remain poorly understood. Finally, tra-
ditional control approaches involving household in-
secticide spraying are unlikely to be effective against
these vectors that keep a silvatic habitat.

According to the occurring of a previous in-
festation by a primary species and its subsequent
eradication, the process of domestication of a wild
triatomine may be regarded as primary or secondary
(Noireau et al. 1999). It is primary when occurs
without any relation to a previous eradication of a
primary vector, and secondary when silvatic insects
take the place of domestic vectors (Forattini et al.
1984, Noireau et al. 1996). The ecological succes-
sion following the control of the domestic popula-
tion may be due to wild triatomines pertaining to the
same species, as it is the case of Triatoma dimidi-
ata in Central America and some areas of Colombia,
Ecuador and Northern Peru (Dumonteil et al. 2004).
More commonly, it is due to other triatomine species
until now restricted to silvatic environment (Forat-
tini et al. 1984, Dias 1988).

COLLECTING METHODS

Observations on the distribution, ecology and be-
havior of triatomine silvatic population (as its asso-
ciation to a specific habitat, nutritional status, feed-
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ing preferences, ability to complete the blood meal,
dispersal ability and other behavioral features) are
fundamental. They supply a “baseline behavioral
pattern” of the species, for comparison purposes
when further studies will be performed on other
populations (for instance, populations displaying
synanthropic behavior). Nevertheless, such studies
about the wild ecology of triatomine species are still
fragmentary, principally because collection of spec-
imens and field observations are considered to be
laborious and time-consuming.

The detection of triatomines in natural environ-
ment, necessary precondition for further studies, has
recently benefited from the use of a simple trapping
system (Noireau et al. 2002). For some species, this
live-baited adhesive trap may provides the way to de-
tect the presence of triatomines in various terrestrial
and arboreal habitats (rock pile, hollow tree, palm
tree...) and avoids the ecological damages caused,
for example, by felling and dissection trees. Be-
cause only the starved bugs are attracted and cap-
tured, this system does not allow an estimating of
the accurate density of insects and the population
structure. Various lines of research are explored to
improve the performance of the trap in the field and
to design a new trapping system to be used for en-
tomological vigilance after control interventions in
intra- and peridomestic habitat. The efficiency of
detection methods would benefit particularly from
the use of chemical attractants, which would make
traps easier to handle in the field and could help to
reduce their size (Guerenstein and Guerin 2001).

SILVATIC HABITAT AND SPREAD

According to Gaunt and Miles (2000), links between
the three most epidemiological important triatomine
genera and sort of habitat do exist. So, species of
the genus Rhodnius are primarily associated with
palm tree, the genus Panstrongylus is predominantly
found within burrows and tree cavities, and the genus
Triatoma is associated with terrestrial rocky habitats
or rodent burrows. If these assumptions are proba-
bly true for the genera Rhodnius and Panstrongylus,

they are more questionable for the genus Triatoma.
So, some Triatoma species may be exclusively found
in hollow trees and/or bird nests (7. maculata, T.
platensis, T. delpontei) when others exhibit a clear
preference for rocks or caves.

Species may display a close relationship with
one ecotope (Rhodnius brethesi with the palm tree
Leopoldina piassaba, Psammolestes species with
nests of Furnariidae) when others exhibit a greater
range of ecotopes (Panstrongylus megistus, Tria-
toma dimidiata). Particularly interesting is the case
of some triatomine species that can be found in ar-
boreal as well as rocky habitat, when the great ma-
jority of Triatominae do not exhibit this feature. It
is the case of T. infestans and T. sordida whose pop-
ulations of altitude live in rock-piles when those of
lowland live in trees. Such species provide good
models for studying the pressure of habitat on mor-
phology, genetic traits and behavior of triatomines.
The current theory suggests the occurrence of rapid
morphological divergence in response to different
ecological factors (Dujardin et al. 1999). Indeed,
we can observe obvious chromatic differences be-
tween arboreal T. infestans (melanosoma and dark
morph populations; Martinez et al. 1987, Noireau
et al. 2000) and terrestrial specimens collected in
rocky habitat in Bolivia (clear morphs similar to do-
mestic insects). Nevertheless, this model cannot be
generalized. So, arboreal and terrestrial wild 7. sor-
dida do not display chromatic differences. Simi-
larly, the genetically closely related species T. pseu-
domaculata and T. arthurneivai, that are probably
issued from a common ancestor and have undergo
an ecological divergence (the first species is arbo-
real when the second is terrestrial), do not exhibit
significant morphological differences.

The current spread of some target species to
free areas is worrying. It is, for example, the case of
Triatoma infestans that is spreading to warmer and
humid areas in Bolivia (Noireau et al. 1996). The
implementation of a landscape ecological approach
and the applying of a spatial analysis using tools
such as remote sensing and GIS can greatly enhance
our ability to predict the spatial current distribution

An Acad Bras Cienc (2005)77 (3)
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of target species (silvatic foci as well as peridomes-
tic/domestic populations) but also their conceivable
future expansion (Gorla 2002, Graham et al. 2004).

SURVIVAL STRATEGY IN WILD TRIATOMINES

The environmental disturbance brought about by
man and succeeding damage of triatomine biotopes
result in a condition of chronic distress in wild tri-
atomine populations. This was clearly demonstrated
in T. pseudomaculata in Northeastern Brazil where
the silvatic insects exhibit a great weight deficit in
relation to peridomiciliary ones. This adverse con-
dition, that may lead the insect to apply a survival
strategy related to the election of habitat, breeding
behavior and host preference, is certainly the main
cause of flight dispersal and subsequent settlement
in artificial structures.

T. pseudomaculata lives in the caatinga of
Northeastern Brazil and is strictly arboricolous. It
can be collected in hollows of numerous tree species,
amongst which locally predominant species such as
Caesalpinia pyramidalis (caatingueira) and Auxe-
mma oncocalyx (pau branco). In the framework of
its survival strategy, this vector does not exhibit a re-
stricted association with one (or some) tree species.
But it is also found in nests of Furnariidae (Pseudo-
seisura cristata) (Dias-Lima et al. 2003) and, more
occasionally, in burrows of Dasypodidae. In our
study area in Bahia State, more than 50% of dis-
sected trees were positive for 7. pseudomaculata.
The positive trees held small colonies of insects,
rarely exceeding 10 individuals. It may suggest that
females would lay a small quantity of eggs in a large
number of ecotopes for increasing their chance of
survival.

With relation to host preference, recent works
have pointed out the occurrence of alternative feed-
ing behavior in natural populations of Triatominae.
So, we observed wild T. pseudomaculata, T. sordida,
T. brasiliensis and Psammolestes tertius populations
of the caatinga frequently feeding hemolymph of in-
vertebrate (Carbajal de la Fuente et al. unpublished
data). More surprising, a colony of Belminus her-
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reri collected from human dwellings in Colombia
exhibited also a strong propensity to hemolymphagy
(Sandoval et al. 2004). The importance and conse-
quences of this biological trait are still unknown.
Its occurrence might vary following the triatomine
species but, at the level of the species, would be in-
fluenced by environmental conditions (accessibility
to blood source). If fixed discrepancies were ob-
served between species or groups of species, this
behavior might help to better understand the evolu-
tionary background of Triatominae. Relationships
between hemolymphagy and population dynamics,
and vector-T. cruzi interaction, might be contem-
plated.

This habit is derived from the predaceous be-
havior in other Reduviidae. Nevertheless, when the
assassin bugs prey upon arthropods, pre-digest their
tissues and kill their prey, the Triatominae only im-
mobilize their prey and suck their fluids in the pro-
cess of hemolymphagy.

PERIDOMESTIC POPULATIONS

The survey of peridomestic populations and the
question of their control are actually among the more
difficult challenges. Some important questions re-
main about the understanding of domestic ecology
of triatomines. So, T. brasiliensis and T. pseudomac-
ulata are closely restricted to different ecotopes in
wild environment (rock-piles and arboreal habitat,
respectively; Dias-Lima et al. 2003). On the other
hand, synanthropic populations of the same species
give up this specificity. They compete for coloniz-
ing man-made structures and succeed in sharing the
same substrates as wood and baked clay (Carbajal
unpublished data). The role
of peridomestic structures remains misunderstood

de la Fuente et al.

when occurs recolonization of insecticide treated
villages. They may be source of reinfestation by
residual populations, but also the earliest fixation
point of insects coming from the silvatic environ-
ment (Diotaiuti et al. 2000, Gurtler et al. 2004). The
estimating of gene flow between silvatic, peridomes-
tic and domestic populations is a priority for under-
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standing and preventing reinfestation of insecticide
treated houses.

CONCLUSION

When recent Chagas disease control activities are
making substantial progress, the knowledge about
silvatic triatomines, and particularly those in synan-
thropic process, is clearly insufficient. So, it took
us one century after the discovery of Carlos Cha-
gas to realize that triatomines, considered as obli-
gated blood-sucking insects, could have with the
hemolymphagy a common alternative feeding be-
havior. The recent advances of knowledge in the
field of nutritional status and feeding habits might
devise a means to distinguish silvatic bug popu-
lations in terms of their susceptibility to migrate.
Combined with studies on orientation mechanisms
and dispersal activity, they would greatly assist in
understanding the process of domestication.

RESUMO

Conhecimentos sobre a ecologia de Triatominae silves-
tres s@o ainda incompletas, principalmente porque as
espécies-alvo em processo de controle sdo exclusiva-
mente domésticas. Registros de espécies silvestres in-
vadindo as habitacdes humanas devem ser direcionados
para a pesquisa sobre conhecimento de sua ecologia no
ambiente natural, de modo que se possa compreender me-
lhor o processo de domiciliagdo e se criarem novas estra-

tégias para vigilancia.
Palavras-chave: doenca de Chagas, Triatominae, am-
biente silvestre, ecologia.
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Baixar Monografias e TCC
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