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Resumo

A influéncia do homem na integridade das espécies, com possibilidade de eventos de hibridacao
entre espécies isoladas, é conhecida desde a década de 1930. Embora as mudancas na estrutura das
comunidades influenciadas pelas alteracdes climaticas e ambientais vém sendo examinadas, poucos
estudos tém analisado como essas mudancas afetam diretamente nas interagcdes reprodutivas entre
as espécies. Diante desse cenario, barreiras reprodutivas fisicas, temporais e comportamentais estdo
sendo alteradas, o que pode acarretar no aumento da probabilidade de hibridacdo, resultando
potencialmente em eventos de introgressdo, especiacdo ou, até mesmo, extingdo. Levando em
consideracdo a importancia epidemiologica dos triatomineos e que estudos de hibridacdo podem
ajudar a compreender a sistematica e auxiliar no conhecimento dos mecanismos de isolamento que
limitam o fluxo génico entre as diferentes espécies, o presente projeto tem como objetivo principal
analisar as interacdes reprodutivas dos vetores da doenca de Chagas agrupados na tribo Rhodniini,
por meio de cruzamentos experimentais e analise da viabilidade dos hibridos. Cruzamentos foram
realizados entre Rhodnius brethesi x R. pictipes, R. colombiensis x R. ecuadoriensis, R. neivai x R.
prolixus, R. robustus x R. prolixus, R. montenegrensis x R. marabaensis; R. montenegrensis x R.
robustus, R. prolixus x R. nasutus e R. neglectus x R. milesi. Além disso, a taxa de oviposicdo e
eclosdo foram calculadas. Todos os cruzamentos resultaram em hibridos em pelo menos uma das
direcGes do cruzamento. Diante das mudancas antropogénicas, reorganizacdes na distribuicdo das
espécies estdo ocorrendo, 0 que pode aumentar a probabilidade de encontros entre espécies
alopétricas em condigdes naturais. Nossos resultados demonstram que tanto as espécies alopatricas
quanto as simpatricas de Rhodnius produzem hibridos, o que pode gerar preocupagdo para 0S
orgdos de saude publica. Assim, demonstramos que espécies da tribo Rhodniini sdo capazes de
produzir hibridos em condi¢Ges de laboratorio. Esses resultados sdo de grande importancia
epidemioldgica e levantam uma importante discussdo sobre a influéncia das interagdes climaticas e
ambientais na dindmica da doenga de Chagas.

Palavras-chave: Triatomineos; Hibridos; Cruzamentos experimentais; doenca de Chagas



Abstract

The influence of man on the integrity of species, with the possibility of hybridization events
between isolated species, has been known since the 1930s. Although changes in the structure of
communities influenced due to climate and environmental changes have been examined, few
studies have analyzed how these changes directly affect the reproductive interactions between
species. Given this scenario, physical, temporal and behavioral reproductive barriers are being
changed, which may lead to an increase in the probability of hybridization, potentially resulting in
introgression, speciation or even extinction events. Taking into account the epidemiological
importance of triatomines and that hybridization studies can help to understand the systematics and
help in the knowledge of the isolation mechanisms that limit the gene flow between the different
species, the present project had as main objective to analyze the reproductive interactions of the
Chagas disease vectors grouped in the Rhodniini tribe, through experimental crossings and analysis
of the viability of the hybrids. Crosses were performed between Rhodnius brethesi x R. pictipes, R.
colombiensis x R. ecuadoriensis, R. neivai x R. prolixus, R. robustus x R. prolixus, R.
montenegrensis X R. marabaensis; R. montenegrensis X R. robustus, R. prolixus x R. nasutus and R.
neglectus x R. milesi. In addition, oviposition and hatching rates were calculated. All crosses
resulted in hybrids in at least one of the cross directions. In the face of anthropogenic changes,
reorganizations in species distribution are taking place, which may increase the probability of
encounters between allopatric species under natural conditions. Our results demonstrate that both
allopatric and sympatric Rhodnius species produce hybrids, which may raise concerns for public
health agencies. Thus, we demonstrate that Rhodniini species are able to produce hybrids under
laboratory conditions. These results are of great epidemiological importance and raise an important
discussion about the influence of climatic and environmental interactions on the dynamics of

Chagas disease.

Key words: Triatomines; Hybrid; Experimental Crosses; Chagas diseases
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1.  INTRODUCAO

A influéncia do homem na integridade das espécies, com possibilidade de eventos de
hibridacdo entre espécies isoladas, € conhecido desde a década de 1930 (WIEGAND, 1935). A
principio, as pesquisas sobre hibridagdo mediadas por a¢cBes humanas focaram, principalmente,
no estudo das modificagbes fisicas de habitat (KIMURA e MUNEHARA, 2010) ou na
introducdo (tanto intencional, como acidental) de espécies exdticas (RHYMER e SIMBERLOFF,
1996; WALTERS et al., 2008). No entanto, as atuais mudancas climaticas e ambientais
antropogénicas estdo resultando em modificacdo de habitat em larga escala que podem resultar
em oportunidades cada vez maiores de hibridacdo (CHUNCO, 2014).

Atualmente, sabe-se que além de alterar os processos ecologicos [que vdo desde o
desacoplamento das interacOes entre espécies (VISSER e BOTH, 2005), até a reestruturacdo de
ecossistemas inteiros (WILLIAMS e JACKSON, 2007)], as mudancas climaticas e ambientais
terdo consequéncias para 0s processos evolutivos, pois muitas espécies enfrentardo regimes
modificados de selecdo com o0s novos climas e, para evitar a extin¢do, deverdo adaptar-se ou
dispersar-se para ambientes mais favordveis, o que influenciara diretamente na evolugdo de
diversas espécies (CHUNCO, 2014).

Embora um esforco substancial de estudos tenham examinado as mudancas na estrutura
das comunidades influenciadas pelas mudancas climaticas (KARDOL et al. 2010; YANG et al.,
2011), poucas pesquisas tem analisado como as mudancas climaticas e ambientais afetam nas
interacOes reprodutivas entre as espécies (GARROWAY et al., 2010; WELLENREUTHER et al.,
2010; CHUNCO, 2014). Chunco (2014) ressalta que como essas mudangas estdo reorganizando
as assembleias de espécies e estdo derrubando as barreiras reprodutivas fisicas, temporais e
comportamentais, as mudancas climéaticas e ambientais provocadas pelo homem, provavelmente,
influenciardo drasticamente no aumento da probabilidade de hibridacdo para as comunidades
futuras, resultando potencialmente em eventos de introgressdo, especiacdo ou, até mesmo,

extingao.
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Embora o conceito biologico de espécie apresentado por Mayr et al. (1963) e
Dobzhansky (1935) prediz que “espécies sao grupos de populagdes naturais que se intercruzam
real ou potencialmente e que sdo isoladas reprodutivamente de outros grupos (produzindo
qualquer incompatibilidade de pais, ou esterilidade dos hibridos, ou ambos)”, sdo inimeros os
casos de ocorréncia de hibridos na literatura (CHUNCO, 2014). Para os insetos vetores da
doenca de Chagas, por exemplo, diversos eventos de hibridacdo natural e/ou experimental foram
observados (MAZZOTTI e OSORIO, 1941, 1942; USINGER, 1944, 1966; ABALOS, 1948;
RYCKMAN, 1962; CORREA e ESPINOLA, 1964; UESHIMA, 1966; ESPINOLA, 1971;
CARVALHEIRO e BARRETTO, 1976; FRANCA-RODRIGUEZ et al., 1979; GALINDEZ et
al., 1994, PEREZ et al 2005; SCHEREIBER et al., 1974; CERQUEIRA, 1982; HEITZMANN-
FONTENELLE, 1984; COSTA et al., 2003, 2009; MARTINEZ-IBARRA et al., 2005, 2008,
2011, 2016a,b; CORREIA et al., 2013; DIAZ et al., 2014; MENDONCA et al., 2014, 2016;
CAMPOS-SOTO et al., 2016; NASCIMENTO et al., 2019; ALEVI et al., 2020; NEVES et al.,
2020; CESARETTO et al., 2021; DELGADO et al., 2021; MADEIRA et al., 2021; PINOTTI et
al., 2021a,b; RAVAZI et al., 2021, 2022).

Os triatomineos (Hemiptera, Triatominae) sdo insetos hemat6fagos de grande importancia
epidemioldgica, pois sdo considerados como a principal forma de transmissdo do protozoario
Trypanosoma cruzi (Chagas, 1909) (Kinetoplastida, Trypanosomatidae), agente etiol6gico da
doenca de Chagas (WHO, 2022). Essa doenca € negligenciada, ndo tem cura na fase crénica,
atinge cerca de oito milhdes de pessoas e coloca em risco de infeccdo, aproximadamente, outras
25 milhdes, sendo o tratamento com os anti-tripanosomatideos (Benznidazol e Nifurtimox)
efetivos apenas na fase aguda da doenga (WHO, 2022). Dessa forma, o controle das populacgdes
de vetores é considerado como a principal forma de minimizar a incidéncia de novos casos
chagasicos (WHO, 2022), sendo os estudos relacionados com os triatomineos de extrema
importancia para a salde publica, uma vez que podem gerar subsidios para auxiliar os programas

de controle de vetores na profilaxia da doenca de Chagas.
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Atualmente, existem 157 espécies descritas na subfamilia Triatominae (sendo 154

especies vivas e trés espécies fosseis), agrupadas em 18 géneros e cinco tribos (ALEVI et al.,

2021; CORREIA et al., 2022; GIL-SANTANA et al., 2022). A tribo Rhodniini é composta por

24 espécies, sendo 21 do género Rhodnius Stal, 1859 e trés do género Psammolestes Bergroth,

1911 (ALEVI et al., 2021; ZHAO et al., 2021). Cruzamentos experimentais realizados, até o

momento, demonstram que: i. Rhodnius e Psammolestes estdo isolados reprodutivamente (o que

confirma o status especifico de Psammolestes) (RAVAZI et al.,, 2022) (Tabela 1); ii.

possivelmente, ndo existem barreiras reprodutivas pré-zigoticas interespecifica para Rhodnius

spp. e Psammolestes spp. (CARVALHEIRO e BARRETTO, 1976; GALINDEZ et al., 1994;

DIAZ et al., 2014; RAVAZI, 2019; RAVAZI et al., 2021) (Tabela 1). Além disso, hibridos

naturais ja foram relatados para o género Rhodnius (DIAS et al., 2014).

Tabela 1. Cruzamentos experimentais realizados tribo Rhodniini. F1: hibrido de primeira

geracdo; F2: hibrido de segunda geracdo; N3: ninfa de terceiro instar; J': macho; Q: fémea.

Cruzamentos Resultados
Rhodnius prolixus X Rhodnius neglectus F1
Rhodnius prolixus X Rodnius robustus F2
Rhodnius prolixus X Rhodnius pictipes F1 (N3)
3 Rhodnius pallescens X Rhodnius colombiensis Q F1
3 Rhodnius colombiensis X Rhodnius pallescens Q inviavel
4 Rodnius montenegrensis  x Rodnius robustus Q F3
3 Rodnius robustus X Rodnius montenegrensis ¢ F3
3 Rodnius prolixus X Rodnius nasutus Q F2
3 Rodnius nasutus X Rodnius prolixus Q F2
3 Rhodnius neglectus X Psammolestes coreodes ¢ inviavel
3 Psammolestes coreodes X Rhodnius neglectus Q inviavel
3 Rhodnius neglectus X Psammolestes tertius Q inviavel
3 Psammolestes tertius X Rhodnius neglectus Q inviavel
3 Psammolestes tertius X Psammolestes coreodes ¢ F1
3 Psammolestes coreodes X Psammolestes tertius Q F1
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2. OBJETIVOS
2.1 Objetivo geral

Tendo em vista as questdes relacionadas a influéncia das mudancas antropicas (mudangas
climaticas e ambientais) na dindmica de distribuicdo e interacdo reprodutiva das espécies e
considerando que o conhecimento sobre os vetores da doenca de Chagas da tribo Rhodniini ainda
é incipiente, realizamos cruzamentos experimentais entre espécies desta tribo, a fim de avaliar as

interacdes reprodutivas interespecificas e a capacidade de producéo de hibridos.

2.2  Objetivos especificos

a) Avaliar a dinamica evolutiva dos cruzamentos experimentais, por meio da analise da copula
interespecifica, da oviposicdo, da taxa de eclosdo dos ovos e da viabilidade dos hibridos;

b) Depositar os hibridos experimentais em colecdes entomoldgicas, com o intuito de evitar
futuras descri¢des de novas espécies a partir da coleta de possiveis hibridos naturais;

¢) Produzir mapas de distribuicdo para as espécies cruzadas;

d) Organizar as informacdes da literatura e redigir uma mini-revisao sobre a tribo Rhodniini.
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3. RESULTADOS e DISCUSSAO (apresentados na forma de capitulo de livro e artigo

cientifico)

3.1 Capitulo publicado no livro “Atualidades em Medicina Tropical no Brasil: Vetores”

RAVAZI A, OLIVEIRA J, ALEVI KCC, 2020. Taxonomia e sistematica da tribo Rhodniini
(Hemiptera, Triatominae): uma mini-revisdo. OLIVEIRA J, ALEVI KCC, CAMARGO
LMA, MENEGUETTI DUO, eds. Atualidades em Medicina Tropical no Brasil: Vetores. Rio

Branco, Brazil: Stricto Sensu Editora, p. 38-48. DOI: 10.35170/ss.ed.9786586283129.02.
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CAPITULO 2
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TAXONOMIA E SISTEMATICA DA TRIBO RHODNIINI
(HEMIPTERA, TRIATOMINAE): UMA MINI-REVISAO

Amanda Ravazi!, Jader de Oliveira?, Kaio Cesar Chaboli Alevil?

1. Universidade Estadual Paulista “Julio de Mesquita Filho” (UNESP), Instituto de Biociéncias de Botucatu,
Rua Prof. Dr. Anténio Celso Wagner Zanin, 250, Distrito de Rubiéo Junior, 18618-689, Botucatu, SP, Brasil;
2. Universidade Estadual Paulista “Julio de Mesquita Filho” (UNESP), Faculdade de Ciéncias Farmacéuticas,
Rodovia Araraquara-Jad km 1, 14801-902, Araraquara, SP, Brasil.

RESUMO

Os triatomineos sao insetos hematéfagos de grande importancia para a saude publica, pois
sdo considerados como a principal forma de transmissdo do protozoario Trypanosoma
cruzi, agente etiologico da doenca de Chagas. Atualmente, essa subfamilia € composta por
151 espécies vivas e trés fosseis, agrupadas em 19 géneros e cinco tribos. A tribo Rhodniini
apresenta 23 espécies pertencentes ao género Rhodnius e trés ao género Psammolestes.
Embora esses géneros compartiihem um ancestral comum (0o que caracteriza a tribo
Rhodniini como um grupo monofilético), existem diversos problemas taxonomdmicos e
sisteméticos associados com esses vetores (sinonima de espécies, nomen nudum,
sugestédo de alteracdo genérica de Psammolestes e parafiletismo de Rhodnius). Com base
no exposto, 0 presente capitulo apresenta uma mini-revisdo dos aspectos taxonémicos e
sisteméticos desses vetores, sugerindo a necessidade da taxonomia integrativa para avaliar
o status especifico das espécies de Rhodnius, bem como para auxiliar na descricdo de
novos taxons e ressalta a importancia de novos estudos sistematicos (com foco na
sistematica fiogenética) para entender a relacdo evolutiva entre as espécies da tribo
Rhodniini, com énfase na relacdo entre Psammolestes e Rhodnius e, sobretudo, no
parafiletismo de Rhodnius.

Palavras-chave: Rhodnius, Psammolestes e Taxonomia integrativa.

ABSTRACT

Triatomines are hematophagous insects of great importance for public health, as they are
considered as the main form of transmission of the protozoan Trypanosoma cruzi, the
etiological agent of Chagas disease. Currently, this subfamily consists of 151 living species
and three fossils, grouped into 19 genera and five tribes. The Rhodniini tribe has 23 species
belonging to the genus Rhodnius and three to the genus Psammolestes. Although these
genera share a common ancestor (which characterizes the Rhodniini tribe as a
monophyletic group), there are several taxonomic and systematic problems associated with
these vectors (synonym of species, nomen nudum, suggestion of a generic alteration of
Psammolestes and Rhodnius paraphyly). Based on the above, this chapter presents a mini-
review of the taxonomic and systematic aspects of these vectors, suggesting the need for
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integrative taxonomy to assess the specific status of Rhodnius species, as well as to assist
in the description of new taxa and emphasizes the importance of new systematic studies
(focusing on the phenogenetic system) to understand the evolutionary relationship between
the species of the Rhodniini tribe, with emphasis on the relationship between Psammolestes
and Rhodnius and, above all, in the Rhodnius paraphyly.

Keywords: Rhodnius, Psammolestes and integrative taxonomy.

1. INTRODUCAO

Os triatomineos séo insetos hematofagos de grande importancia para a saude
publica, pois sdo considerados como a principal forma de transmissdo do protozoario
Trypanosoma cruzi (Chagas, 1909) (Kinetoplastida, Trypanosomatidae), agente etiologico
da doenca de Chagas (WHO, 2020). Essa enfermidade negligenciada afeta, atualmente,
cerca de oito milhées de pessoas, ocasionando, aproximadamente, 50 mil mortes por ano
(LIDIANI et al., 2019; WHO, 2020) por complicacdes associadas a cardiomiopatia, arritmias,
megavisceras e, mais raramente, polineuropatia e acidente vascular cerebral (PEREZ-
MOLINA; MOLINA, 2018).

Os triatomineos pertencem a ordem Hemiptera, subordem Heteroptera, familia
Reduviidae e subfamilia Triatominae (GALVAO, 2014). Atualmente, essa subfamilia é
composta por 151 espécies vivas e trés fosseis, agrupadas em 19 géneros e cinco tribos
(Alberproseniini Martinez & Carcavallo, 1977, Bolboderini Usinger, 1944, Cavernicolini
Usinger, 1944, Triatomini Jeannel, 1919 e Rhodniini Pinto, 1926) (GALVAO, 2014;
OLIVEIRA et al., 2018a; DORN et al., 2018; LIMA-CORDON et al., 2019; POINAR, 2019),
sendo todas consideradas como potenciais vetoras da doenca de Chagas.

A partir das diversas problematicas envolvidas com a correta identificacdo dos
triatomineos agrupados na tribo Rhodniini (MONTEIRO et al., 2000, 2003, 2018; ABAD-
FRANCH et al., 2013; BRITO et al., 2019; NASCIMENTO et al., 2019; HERNANDEZ et al.,
2020), o presente capitulo apresenta uma mini-revisdo dos aspectos taxonémicos e

sistematicos desses vetores.

2. REVISAO DE LITERATURA

A tribo Rhodniini € composta por 23 espécies pertencentes ao género Rhodnius Stal,
1859 e trés ao género Psammolestes Bergroth, 1911 (Tabela 1). Embora esses géneros

compartilhem um ancestral comum (o0 que caracteriza a tribo Rhodniini como um grupo
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monofilético) (JUSTI et al., 2014, 2016), existem dois fenotipos distintos, a saber, Rhodnius
com pernas longas e finas e uma cabeca longa, que vivem, principalmente, em palmeiras;
e Psammolestes com cabeca curta, pernas fortes, fémur largo e rostro considerado como
0 mais largo de toda a subfamilia Triatominae, que vivem associados a ninhos de passaros
das familias Dendrocolaptidae, Troglodytidae, Furnariidae e Icteridae (PINTO; LENT, 1935;
PIFANO, 1938; BARRETO; ALBUQUERQUE, 1969; SHERLOCK; GUITTON, 1974,
GALVAO et al., 2003; CRUZ-GUZMAN et al., 2014).

Tabela 1. Espécies agrupadas na tribo Rhodniini

Tribo Género Espécies

Rhodniini Pinto, 1926  Psammolestes Bergroth, 1911 . arthuri (Pinto, 1926)
. coreodes Bergroth, 1911

. tertius Lent & Jurberg, 1965

Rhodnius Stal, 1859 . amazonicus Almeida, Santos & Sposina, 1973
. barretti Abad-Franch et al., 2013

. brethesi Matta, 1919

. colombiensis Mejia, Galvdo & Jurberg, 1999
. dalessandroi Carcavallo & Barreto, 1976

. domesticus Neiva & Pinto, 1923

. ecuadoriensis Lent & Ledn, 1958

. marabaensis Souza et al., 2016

. milesi Carcavallo et al., 2001

. montenegrensis Rosa et al., 2012

. nasutus Stal, 1859

. neglectus Lent, 1954

. neivai Lent, 1953

. pallescens Barber, 1932

. paraensis Sherlock, Guitton & Miles, 1977

. pictipes Stal, 1872

. prolixus Stal, 1859

. robustus Larrousse, 1927

. stali Lent, Jurberg & Galvao, 1993

XY » ¥ O X X X X X X XV X X U UV U U O U U T T

. zeledoni Jurberg et al., 2009
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Tabela 2. Agrupamentos de Rhodnius spp.

Rhodnius

Grupo Pallescens Grupo Prolixus Grupo Pictipes
R. colombiensis R. barreti R. amazonicus
R. ecuadoriensis R. dalessandroi R. brethesi
R. pallescens R. domesticus R. paraensis

R. milesi R. pictpes

R. marabaensis R. stali

R. montenegrensis R. zeledoni

R. nasutus

R. neglectus

R. neivai

R. prolixus

R. robustus

As espécies do género Psammolestes foram, inicialmente, agrupadas em uma Unica
tribo denominada Psammolestini por apresentarem distincdes morfologicas quando
comparadas a Rhodnius (CARCAVALLO, 1976; HERNANDEZ et al., 2020). No entanto, em
1979 Lent; Wygodzinsky (1979) consideraram essa tribo como nomen nudum e, com base
em alguns caracteres morfologicos (presenca de tuberosidades posteriores aos olhos) e
ecolégicos (em geral, habitos arbéreos), ambos foram agrupados na tribo Rhodniini (LENT;
WYGODZINSKY, 1979; DUJARDIN et al, 2002; JUSTI; GALVAO, 2017), sendo que, em
2002, foi sugerido a mudanca do status genérico das trés espécies de Psammolestes para
0 género Rhodnius a partir de andlises filogenéticas (HYPSA et al., 2002), proposta nao
aceita pela comunidade cientifica (GALVAO et al., 2003).

Com base na distribuicdo geogréfica, biogeogréafica, morfoldgica e filogenética, os
membros do género Rhodnius sdo agrupados em trés grandes grupos: pallescens
(considerado como transandino, distribuido no oeste da cordilheira dos Andes), pictipes e
prolixus (considerados como cisandinos, distribuidos no leste do Andes e Amazobnia)
(JUSTI; GALVAO, 2017) (Tabela 2).

Enquanto Psammolestes € um género monofilético (MONTEIRO et al., 2000;
OLIVEIRA et al., 2018b), Rhodnius é considerado como parafilético (MONTEIRO et al.,
2000; JUSTI et al., 2014), uma vez que as espécies do grupo prolixus sédo evolutivamente
mais préximas do género Psammolestes do que dos outros grupos de Rhodnius (JUSTI et

al., 2014, 2016). As espécies do género Rhodnius apresentam uma taxonomia complexa,
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pois embora inicialmente a diferenciagcdo dos taxons fosse baseada em distincdes e
similaridades morfoldgica (LENT; WYGODZINSKY, 1979; HERNANDEZ et al., 2020), os
eventos de plasticidade fenotipica e especiagéo criptica dificultam a correta classificacdo
desses vetores (ABAD-FRANCH et al., 2013).

Em 2013, Abad-Franch e colaboradores ressaltam que esses eventos evolutivos
podem levar a erros taxondmicos, sugerindo que R. milesi Carcavallo et al., 2001
provavelmente seja uma variacdo de R. neglectus Lent, 1954, que R. zeledoni Jurberg et
al., 2009 seja R. domesticus Neiva & Pinto, 1923 (por apresentarem muitas semelhancas)
e que R. montenegrensis Rosa et al. (2012) represente uma das linhagens de R. robustus
Larrousse, 1927 (linhagem 1l) (MONTEIRO et al., 2003). No entanto, a sinonimia das
espécies em discussao nao foi realizada pelos autores e os diversos testes interespecificos
realizados entre R. montenegrensis e R. robustus de linhagem Il confirmaram a relacao
entre elas, porém ndo inviabilizaram o status especifico de R. montenegrensis (CARVALHO
et al., 2017; BRITO et al., 2019), uma vez que R. robustus é um grupo parafilético (Tabela
3) (MONTEIRO et al., 2003, 2018; ROSA et al., 2012; SOUZA et al., 2016; CASTRO et al.,
2020).

Tabela 3. Linhagens parafiléticas de R. robustus e as possiveis
espécies equivalentes.

R. robustus
Linhagens Téxons equivalentes
R. robustus de linhagem |
R. robustus de linhagem |l R. montenegrensis
R. robustus de linhagem Il R. marabaensis

R. robustus de linhagem IV

Diante da problemética taxonémica de Rhodnius, a taxonomia integrativa mostra-se
como uma importante ferramenta para a correta classificacdo das espécies. As descri¢cdes
de R. montenegrensis e R. marabaensis, que combinam diferentes analises, sdo exemplos
da aplicacdo dessa vertente taxondmica (ROSA et al.,, 2012; SOUZA et al., 2016). No
entanto, a taxonomia integrativa pode resultar em descri¢des equivocadas de novos taxons:
R. taqguarussuensis Rosa et al. 2017, descrito com base em dados morfoldgicos,
morfométricos e citogenéticos (ROSA et al., 2017), foi recentemente sinonimizado com R.

neglectus por analises moleculares (NASCIMENTO et al., 2019) — demonstrando que as
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diferencas observadas representavam apenas variagao instraespecifica —. Outros casos de
sinonimia e nomen nudum ja foram relatados para o género Rhodnius (Tabela 4) (GALVAO
et al., 2003).

Tabela 4. Sinonimias realizadas no género Rhodnius e Psammolestes

Espécie Sinonimia/nomen nudum

R. brumpti Pinto, 1925 R. nasutus Stal, 1859

R. dunni Pinto, 1932 R. pallescens Barber, 1932

R. jacundaensis Serra, Serra & Von Atzingen, 1980 R. marabaensis Souza et al., 2016
Conorhinus limosus Walker, 1873 R. pictipes Stal, 1872 e R. prolixus Stal, 1859
Eutriatoma arthuri (Pinto, 1926) P. arthuri (Pinto, 1926)

Psammolestes salazari Aldana, Lizano, Ramon, P. arthuri (Pinto, 1926)

Valderrama 1996

Entre as diferentes ferramentas que podem integrar a taxonomia integrativa, a
realizacdo de cruzamentos experimentais e analise das barreiras reprodutivas
interespecificas pré e pos-zigoticas mostram-se de grande importancia para avaliar o status
especifico dos taxons (com base no conceito biolégico de espécies) (MAYR, 1963;
DOBZHANSKY, 1970). Sado poucos os testes de cruzamentos realizados para a tribo
Rhodniini (CARVALHEIRO; BARRETTO, 1976; GALINDEZ et al., 1994; DIAZ et al., 2014)
e, esses, sinalizam que, possivelmente, ndo existem barreiras reprodutivas pré-zigoticas
interespecifica para Rhodnius spp. (CARVALHEIRO; BARRETTO, 1976; GALINDEZ et al.,
1994; DIAZ et al., 2014). Por outro lado, a andlise dos hibridos resultantes do cruzamento
entre R. pallescens Barber, 1932 machos e R. colombiensis Mejia, Galvao & Jurberg, 1999
fémeas, por exemplo, demonstrou erros de pareamento entre cromossomos homedlogos
gue resultaram em gametas inviaveis, caracterizando, assim, a barreira pos-zigética de
esterilidade do hibrido e, consequentemente, corroborando o status especifico das
espécies parentais (DIAZ et al., 2014).

A citotaxonomia, espermiotaxonomia e cariossistematica, apesar de muito usual e
efetiva para a diferenciagdo dos taxons (UESHIMA, 1966; ALEVI et al., 2013, 2014, 2017,
2020), ndo permite a diferenciacéo das espécies da tribo Rhodniini (ALEVI et al., 2015;
RAVAZI et al., 2016, 2017; OLIVEIRA et al., 2017), pois esse grupo monofilético (JUSTI et
al., 2014, 2016) apresenta homogeneidade cariotipica, cromossémica, bem como no
padrdo heteropicnético das espermatides (RAVAZI et al., 2016; ALEVI et al., 2018).
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Contudo, casos pontuais de polimorfismo cromossdémico intraespecifico foram relatados
para espécies de Rhodnius, a saber, R. pallescens e R. neglectus com variacao
intraespecifica no padrdo de heterocromatina constitutiva (GOMEZ-PALACIO et al., 2008;
NASCIMENTO et al., 2019) e R. ecuadoriensis com variagcdo na localizagédo das Regides

Organizadoras Nucleolares (PITA et al., 2013).

3. CONSIDERACOES FINAIS

Com base no exposto, fica evidente que a taxonomia de Rhodnius deve ser realizada
de forma integrativa, combinando técnicas classicas (como morfologia e morfometria), com
analises genéticas, filogenéticas e de cruzamentos experimentais para avaliar o status
especifico das espécies de Rhodnius e, principalmente, para auxiliar na descricdo de novos
taxons. Além disso, ressalta-se a importancia de novos estudos sistematicos (com foco na
sisteméatica fiogenética) para entender a relacdo evolutiva entre as espécies da tribo
Rhodniini, com énfase na relacdo entre Psammolestes e Rhodnius e, sobretudo, no

parafiletismo de Rhodnius.
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Abstract: Chagas disease affects about eight million people. In view of the issues related to the
influence of anthropogenic changes in the dynamics of the distribution and reproductive interac-
tion of triatomines, we performed experimental crosses between species of the Rhodniini tribe in
order to evaluate interspecific reproductive interactions and hybrid production capacity. Recipro-
cal crossing experiments were conducted among Rhodnius brethesi x R. pictipes, R. colombiensis x R.
ecuadoriensis, R. nefvai x R. prolixus, R. robustus x R. prolixus, R. montenegrensis x R. marabaensis; R.
montenegrensis x R. robustus, R. prolixus x R. nasutus and R. neglectus x R. milesi. With the exception of
crosses between R. pictipes @ x R. brethesi &, R. ecuadoriensis @ x R. colombiensis & and R. prolixus @ x R.
neivai &, all experimental crosses resulted in hybrids. Our results demonstrate that both allopatric
and sympatric species produce hybrids, which can generate concern for public health agencies in
the face of current anthropogenic events. Thus, we demonstrate that species of the Rhodniini tribe
are capable of producing hybrids under laboratory conditions. These results are of great epidemi-
ological importance and raise an important discussion about the influence of climatic and envi-
ronmental interactions on Chagas disease dynamics.

Keywords: Chagas disease vectors; Rhodnius; Psammolestes; experimental crosses

1. Introduction

Neglected tropical diseases (NTDs) are a diverse group of diseases prevalent in
tropical and subtropical regions of 149 countries, and they affect more than one billion
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people living in poverty worldwide [1]. Currently, there are at least twenty pathologies
considered as NTDs that can be caused by viruses (dengue, chikungunya and rabies),
bacteria (Buruli ulcer, leprosy, trachoma and endemic treponematoses), parasites [Cha-
gas disease (CD), dracunculiasis, schistosomiasis, foodborne trematodes, sleeping sick-
ness, leishmaniasis, lymphatic filariasis, onchocerciasis, helminthiasis and taenia-
sis/cysticercosis], fungi (mycetoma, chromoblastomycosis and other deep mycoses), ec-
toparasites (scabies) and even snakebite envenomation [1].

It is estimated that NTDs kill more than 350,000 people a year [2]. In addition, they
can cause disability, disfigurement, child growth impairments and impairments in hu-
man cognitive development [2-5]. Although in recent years, public health agencies have
invested resources to mitigate various NTDs [6], these diseases still collectively contrib-
ute to lost productivity [7], causing harm and suffering in many countries, including
several in the G20 [8].

Among the different issues that can make it difficult to control NTDs, climate and
environmental changes deserve attention as they can directly influence the emergence
and/or reemergence of multiple NTDs, principally those involving a vector or interme-
diate host for transmission (such as arboviruses, CD, schistosomiasis, sleeping sickness,
leishmaniasis, lymphatic filariasis and onchocerciasis) [9,10]. Furthermore, it is consid-
ered that anthropogenic alterations can even affect — in the short (seasonal), medium
(annual) and/or long (decadal) term [11] — the distribution of NTDs [10], causing changes
in its transmission period and geographic expansion, since, probably, the parasites, vec-
tors and/or hosts will be able to invade new regions and reach new human populations
not yet affected by NTDs [10,11].

Climate and environmental changes can directly influence the biotic and abiotic
factors involved in vector development and distribution cycles (influencing even the al-
titudinal and latitudinal distribution of species) [11]. Among them, temperature, for
example, influences life span, reproductive aspects and feeding rates, and precipitation
influences the availability of suitable habitats for reproduction [11].

Among vector-borne DTNs, CD is a disease that affects about eight million people
[12,13], and it can be influenced by climate and environmental changes because factors
such as increased area of dispersion of triatomines, availability of habitat, and increased
mobility of vectors from the wild environment to human constructions (probably at-
tracted to electric light [14] and encroachment into nature by humans [15-18]), which can
result in high rates of infection by Trypanosoma cruzi (Chagas, 1909) (Kinetoplastida,
Trypanosomatidae), the etiological agent of CD.

Several studies show that climate change is influencing the geographic distribution
of insect vectors [19-21] and, consequently, the dynamics of vector-borne diseases
[22-24]. Projections for the coming decades predict changes in the geographic distribu-
tion of triatomines and in the vectorial transmission dynamics of T. cruzi (Table 1)
[25-34]. As a result of climate and environmental changes (such as deforestation, fires
and land use), some authors consider that there may be an overlap in the distribution of
triatomine species (Hemiptera, Triatominae)—the main form of transmission of T. cruzi
[13,35] —and this may even result in the adaptation of wild species in urban and domestic
environments [25,29,36].
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Table 1. Potential impact of climate change on the geographical distribution of triatomines and in the vectorial transmission dynamics of T. cruzi.

Species Study Area Projection Periods Key Findings Reference
Triatoma sanguisuga, T. barberi, T. peninsularis, T. protracta, T. rubida, o . o . o
. . . . . . . 1. Significant alterations in risk of vector-borne T. cruzi transmission;
T. brailovskyi, T. gerstaeckeri, T. longipennis, T. mazzottii, T. mexicana, . 2050 . . ) . . )
o ) ) o North America 2. Impacts of climate change on T. cruzi vector species and their geographical locations; [28]
T. pallidipennis, T. phyllosoma, T. picturata, T. recurva, T. dimidiata, 2070 . . o .
) ) ) ) ) 3. Need for effective vector surveillance to aid in CD prevention and control.
Eratyrus cuspidatus, Paratriatoma hirsuta and P. lecticularia
1. A potential change in the distribution of both species is predicted due to climate change, indi-
T. gerstaeckeri and T. sanguisuga North America 2050 cating an increase in T. cruzi transmission risk by the year 2050; [29]
2. Predicted shift of CD risk due to climate change.
1. The increase in temperature is expected to promote the expansion of the vector range by the year
2030 2030;
P. lecticularia, T. protracta and T. sanguisuga United States 2. Potential for CD to emerge in the country; [30]
3. It is believed that interdisciplinary collaboration is necessary to increase the accuracy of future
disease risk predictions.
1. Global climate change is predicted to slightly decrease the overall vulnerability of the popula-
X . X 2020 tion to T. cruzi vector species;
Panstrongylus geniculatus, E. mucronatus, Rhodnius prolixus, R. . . . . .
Venezuela 2060 2.1t is believed that fewer citizens will be exposed to T. cruzi vectors over the next 50-70 years; [25]
robustus and T. maculata o . o ]
2080 3. Predictions can enhance the ability to prevent and control CD transmission in Venezuela in the
future.
Vi 1 1. Forecasts reveal the increased expansion of R. prolixus to new areas and a decrease in the current
enezuela
R. prolixus and T. infestans . 2050 geographical range of T. infestans; [26]
Argentina

2. Overall study conclusions reflect a lower incidence of CD infections by 2050.
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T. brasiliensis brasiliensis, T. b. macromelasoma, T. juazeirensis, T. Bragil 2020
razi
sherlocki and T. melanica 2050

1. Projection of little change in species’ distributions under future climate change scenarios;
2. T. b. brasiliensis has the greatest distributional potential to colonize new areas;
3. Conclusions may help guide proactive surveillance and control activities to reduce the risk of

future CD transmission.

[31]

T. infestans Chile 2070

1. The distribution under two global climate change scenarios showed low variation, with a
minimal reduction tendency in suitable areas;

2. Climate change appears to play a major role in the reemergence of CD and of the vector in the
country;

3. The impact of temperature and precipitation on the distribution of T. infestans indicates the need

for aggressive vector control efforts in Chile.

[32]

M.epraia spinolai and M. gajardoi Chile 2070

1. Under future climate conditions, these species could modify their potential geographical range;
2. The suitable areas for both species may be greater than currently known, generating new chal-
lenges in terms of vector control and prevention;

3. Preventive measures to avoid accidental human vectorial transmission by wild vectors of T.
cruzi become critical, considering the uncertainty of the future suitable areas projected in this

study.

[27]

Different countries
P. geniculatus, P. megistus, R. brethesi, R. ecuadoriensis, R. prolixus, T. from five conti-
b. brasiliensis, T. dimidiata, T. infestans, T. maculata, T. rubrofasciata nents: Africa, Asia, 2030
and T. sordida Europe, Oceania

and America.

1. Global species distribution modeling revealed several regions with current suitable climatic
conditions;

2. R. brethesi, R. ecuadoriensis and T. maculata are limited to one or a few areas with mostly tropical
climate;

3. T. b. brasiliensis, P. geniculatus, P. megistus, R. prolixus, T. dimidiata and T. rubrofasciata find suitable
climate conditions in a broad range of tropical and subtropical regions;

4. T. sordida and T. infestans possess a broad potential range in temperate regions;

5. It may be beneficial to establish national and international vector surveillance programs to

monitor the spread of vectors and to register CD as a reportable disease.

[33]
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Although the influence of man on the integrity of species, with the possibility of
hybridization events between isolated species, has been known since 1930 [37], current
climate and environmental changes of anthropogenic origin are generating large-scale
habitat modifications (which increase the possibility of these evolutionary events occur-
ring) [38]. Chunco [38] points out that novel hybrid zones will be able to graduate if cli-
mate change removes habitat barriers between allopatric sister taxa. However, most
studies have only analyzed changes in the structure of communities influenced by cli-
mate change [39,40], with little research on the effect of climate and environmental
changes on the reproductive interactions of species [38,41,42].

Currently, it is known that in addition to altering ecological processes (ranging from
the decoupling of interactions between species [43] to the restructuring of entire ecosys-
tems [44]), climate and environmental changes will have consequences for evolutionary
processes as many species will face modified selection regimes with the new climates
and, to avoid extinction, they must adapt or disperse to more favorable environments,
which will directly influence the evolutionary processes of several species [38]. Chunco
[38] points out that as these changes are reorganizing species assemblages and are
breaking down physical, temporal and behavioral reproductive barriers, climate and
environmental changes caused by man will probably dramatically increase the probabil-
ity of hybridization for future communities, potentially resulting in introgression, speci-
ation or even extinction events.

Currently, 157 species of triatomines are known, divided into 18 genera and five
tribes [45-47], with all of them considered as potential CD vectors. The tribe Rhodniini
Pinto, 1926 is a monophyletic group composed of two genera: Rhodnius Stal, 1859 and
Psammolestes Bergroth, 1911 [48-52]. Members of the genus Rhodnius have been grouped
into three major groups: pallescens (considered as trans-Andean group, with distribution
in the west of the Andes mountain range), pictipes and prolixus (considered as cis-Andean
groups, with distribution in the eastern Andes and in the Amazon) [52]. The species of
the genus Rhodnius present a complex taxonomy; although the differentiation of the spe-
cies was initially based only on morphological distinctions and similarities [53,54], the
events of phenotypic plasticity and cryptic speciation make it difficult to correctly classify
these vectors [55].

The analysis of the impact of climate change on the distribution of Rhodnius spp.
demonstrates that these changes can potentially increase the range of the different species
of Rhodinus [26,33]: Medona et al. [26] demonstrated that R. prolixus Stal, 1859 shows a
future expansion to new areas from Venezuela, with emphasis on the current states that
present low risk (Amazonas, Bolivar and Apure); in addition, models evaluated by
Eberhard et al. [33] project large climatically suitable areas for R. prolixus in tropical re-
gions in South America, Central America, the Caribbean, Central And East Africa, east-
ern Madagascar, in the south of India and Sri Lanka and throughout Southeast Asia. The
projected range of R. brethesi Matta, 1919 and R. ecuadoriensis Lent & Ledn, 1958 is limited
to areas with an equatorial, tropical wet climate, namely, the Amazon region in South
America and Southeast Asia (Indonesia, Malaysia, New Guinea) for R. brethesi and
western Ecuador, parts of Indonesia, Malaysia and Papua-New Guinea as well as the
Congo Basin for R. ecuadoriensis [33]. Furthermore, only a few regions outside the Amer-
icas with a distinctly tropical climate have been projected as climatically suitable for both
species, including the Congo Basin in Central Africa and a few parts of Southeast Asia
[33].

Knowledge of the reproductive interaction of members of the Rhodniini tribe is re-
stricted to only four crosses, namely, between R. prolixus and R. neglectus Lent, 1954, R.
robustus Larrousse, 1927 and R. pictipes Stal, 1872, R. pallescens Barber, 1932 and R. colom-
biensis Mejia, Galvao & Jurberg, 1999 and P. tertius Lent & Jurberg, 1965 and P. coreodes
Bergroth, 1911 [56-59]. These crosses indicate that, possibly, there are no interspecific
pre-zygotic reproductive barriers for the species of this tribe since hybrids were obtained
for at least one of the directions of all crosses [56-59].
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In view of the issues related to the influence of anthropogenic changes (climate and
environmental changes) in the dynamics of distribution and reproductive interaction of
species and considering that the knowledge about the CD vectors of the Rhodniini tribe is
still incipient, we performed experimental crosses between species of this tribe in order to
evaluate interspecific reproductive interactions and hybrid production capacity.

2. Materials and Methods
2.1. Experimental Crosses

In order to evaluate the reproductive compatibility [60] between the species of the
genus Rhodnius, reciprocal crossing experiments were conducted among R. brethesi x R.
pictipes, R. colombiensis x R. ecuadoriensis, R. neivai Lent, 1953 x R. prolixus, R. robustus x R.
prolixus, R. montenegrensis Rosa et al., 2012 x R. marabaensis Souza et al., 2016, R. montene-
grensis x R. robustus, R. prolixus x R. nasutus Stal, 1859 and R. neglectus x R. milesi Car-
cavallo, Rocha, Galvao & Jurberg, 2001. The experiments were carried out in the Tria-
tominae Insectarium of FCFAR/UNESP, Araraquara, Sdo Paulo, Brazil. Parental insects
were randomly selected from live colonies maintained at the FCFAR/UNESP insectari-
um. The insects were sexed as 5th instar nymphs [61], and male and female nymphs were
kept in separate pots until they performed the imaginal molt and reached the adult stage,
thus ensuring that the triatomines used in the experiments were adult virgins [62]. For
the crosses, five couples from each set were placed in separated plastic jars (5 cm in di-
ameter x 10 cm in height) and kept at room temperature (average of 24 °C [63]) and an
average relative humidity of 63% [63]. The crosses were maintained for 4 months.
Weekly, the insects were fed with duck blood and the eggs were collected. At the end of
the experiment, the egg-hatching rate was calculated.

2.2. Distribution Maps

The distribution maps for Rhodnius and Psammolestes species were made with QGIS
3.24 [64]. Species occurrence data were obtained from the Global Biodiversity Infor-
mation Facility (GBIF) (Table 2). All available coordinates for each taxon have been in-
cluded.

Table 2. List of occurrence datasets for each species obtained from GBIF.

Species GBIF Dataset
Psammolestes coreodes Bergroth, 1911 https://doi.org/10.15468/d1l.vhbkOr
Psammolestes tertius Lent & Jurberg, 1966 https://doi.org/10.15468/d1.d78jfs
Rhodnius brethesi Matta, 1919 https://doi.org/10.15468/dl.hctjyp
Rhodnius colombiensis Mejia, Galvao & Jurberg, 1999 https://doi.org/10.15468/dl.muvwy2
Rhodnius ecuadoriensis Lent & Leon, 1958 https://doi.org/10.15468/d1.bbc7ft
Rhodnius marabaensis Souza et al., 2016 https://doi.org/10.15468/d1.v32gdm
Rhodnius milesi Carcavallo, Rocha, Galvao & Jurberg, 2001  https://doi.org/10.15468/dl.ga2kks
Rhodnius montenegrensis da Rosa et al., 2012 https://doi.org/10.15468/d1.7gjaws
Rhodnius nasutus Stal, 1859 https://doi.org/10.15468/dl.e8vm73
Rhodnius neglectus Lent, 1954 https://doi.org/10.15468/d1.9w7xdu
Rhodnius neivai Lent, 1953 https://doi.org/10.15468/dl.zghcuf
Rhodnius pictipes Stal, 1872 https://doi.org/10.15468/dl.tknw8g
Rhodnius prolixus Stal, 1859 https://doi.org/10.15468/dl.ggavgu
Rhodnius robustus Larrousse, 1927 https://doi.org/10.15468/d1.bcps8k

3. Results and Discussion

All experimental crosses resulted in hybrids (in at least one direction) (Table 3, Fig-
ures 1 and 2). These data, together with data from the literature [56-59], confirm that
pre-zygotic reproductive barriers are absent among most species of the Rhodniini tribe
since only the experimental crosses between R. pictipes @ x R. brethesi &, R. ecuadoriensis @ x
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R. colombiensis 3and R. prolixus ©x R. neivai & [even though interspecific copulations have
occurred and have been observed (Figure 3)] did not result in a hybrid.

Table 3. Interspecific crosses performed in the Rhodniini tribe.

Rhodniini Crossing Experiments Eggs Hybrids Hatch Rate
Psammolestes P. coreodes Qx P. tertius & 54 23 43%
P. tertius Q@ x P. coreodes & 117 30 26%
Rhodnius R. marabaensis @ x R. montenegrensis & 214 128 60%
R. montenegrensis @ x R. marabaensis & 436 36 08%
R. brethesi @ x R. pictipes 3 268 16 06%
R. pictipes @ x R. brethesi & 162 00 00%
R. colombiensis @ x R. ecuadoriensis & 170 45 06%
R. ecuadoriensis Q x R. colombiensis & 42 00 00%
R. montenegrensis @ x robustus & 565 331 59%
R. robustus @ x R. montenegrensis & 611 484 57%
R. neivai Q@ x R. prolixus & 70 22 31%
R. prolixus @ x R. neivai & 368 00 00%
R. prolixus Q@ x R. nasutus & 318 71 22%
R. nasutus Q@ = R. prolixus & 316 14 04%
R. milesi @ x R. neglectus & 357 81 23%
R. neglectus @ x R. milesi 3 366 314 86%
R. robustus @ x R. prolixus & 622 447 72%
R. prolixus @ x R. robustus & 437 221 51%
R. taquarussuensis (syn. R. neglectus) @ x R. neglectus & 540 496 92%
R. neglects @ x R. taquarussuensis (syn. R. neglectus) & 737 636 85%

Figure 1. Hybrids resulting from crosses between species of the Rhodniini tribe. Hybrids resulting
from crosses between P. coreodes @ P. tertius §(A), P. tertius Qx P. coreodes &(B), R. marabaensis Qx R.
montenegrensis 3(C), R. montenegrensis 9x R. marabaensis 3(D), R. montenegrensis @x robustus 3'(E), R.
robustus @ x R. montenegrensis 3 (F), R. prolixus @ x R. nasutus 3 (G), and R. nasutus @ x R. prolixus &
(H).
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Figure 2. Hybrids resulting from crosses between species of the Rhodniini tribe. Hybrids resulting
from crosses between R. milesi @x R. neglectus 3(A), R. neglectus @ x R. milesi 3 (B), R. taquarussuensis
(syn R. neglectus) @ x R. neglectus & (C), R. neglects @ x R. taquarussuensis (syn R. neglectus) & (D), R.
robustus @ R. prolixus 3 (E), R. prolixus @ x R. robustus & (F), R. brethesi @ x R. pictipes & (G), and R.
neivai @x R. prolixus & (H).

A

Figure 3. Interspecific crosses between R. pictipes @ x R. brethesi 3(A) and R. prolixus @ x R. neivai 3
(B). Note: The background was removed with Adobe Photoshop CS6.

Some studies in the literature have evaluated how the current scenario associated
with climate change can affect the geographic distribution of triatomine species [25-34].
However, until now, the influence of these changes on the reproductive dynamics of
vectors of the Rhodniini tribe has never been discussed. Evaluating the hybridization
capacity between vector species also has epidemiological implications [65-71] since it is
known that under laboratory conditions, Triatominae hybrids may present greater vector
competence than the parents [66-69,71].

Triatomines are potential vectors from the hatching of eggs, that is, all nymph stages
(first- to fifth-instar nymphs) (males and females), as well as adults (males and females)
are hematophagous and can transmit T. cruzi through faeces/urine if infected [35]. The
genera Triatoma Laporte, 1832, Panstrongylus Berg, 1879 and Rhodnius are the most im-
portant for the epidemiology of CD [72]. Rhodnius prolixus is the main domestic vector of
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T. cruzi in Venezuela, Colombia, and parts of Central America [73,74], R. pallescens is an
important vector of T. cruzi in Panama [75] and R. ecuadoriensis is an important vector in
Ecuador [76,77]. In addition, other species are highlighted as vectors of secondary im-
portance, such as R. neglectus [78] and R. nasutus [79].

Several studies carried out with Triatoma spp. have shown that triatomine hybrids
can play an important role in the transmission of CD: Martinez-Ibarra et al. [66,67] eval-
uated three behaviors of epidemiological importance (the time interval for the onset of
feeding, feeding time and defecation time) for five Triatoma species from Mexico and
their hybrids and demonstrated that hybrids have more potential to acquire infection and
transmit T. cruzi than the parental species; in addition, Martinez-Ibarra et al. [68] and
Meraz-Medina et al. [69] evaluated biological parameters related to hatching, lifetime,
number of blood meals to molt, percentage of females at the end of the cycle, number of
laid eggs, and mortality for each instar of five Triatoma species from Mexico and their
hybrids and observed that in four of the six studied parameters (accumulative mortality,
the percentage of females, mean number of laid eggs and eggs hatching), the hybrid co-
horts had better fitness results than the parental cohorts. Lopez et al. [80] analyzed the
dynamics of feeding—defecation behavior in fifth-stage nymphs and adults of hybrids
resulting from the cross between T. platensis (Neiva, 1913) and T. infestans (Klug, 1834)
and compared them with the parents. The authors noted that adults and fifth-instar
nymphs of hybrids have a feeding and defecation behavior similar to T. infestans: they
achieve feeding in a short time and first defecation occurs during or just after feeding.
Nevertheless, the hybrid’s ingestion of blood occurs at a higher velocity and they require
higher blood intake to provoke early defecations. Lastly, Vicente et al. [81] analyzed the
feeding and defecation pattern of T. rosai Alevi et al., 2020, T. sordida (Stal, 1859) and the
experimental hybrids and observed that there was no significant difference between the
times of feeding and defecation and both parents and hybrids defecated during the blood
meal.

Based on the scientific information related to the epidemiological importance of
Triatominae hybrids [65-71,80], the authors raise some questions: i. the hybrid cohorts
were more effective vectors of T. cruzi than their parental species, which could indicate a
potentially higher risk of transmission of T. cruzi to reservoir hosts; ii. the increase in
hybrid fitness could lead to an increase in the epidemiologic risks caused by the trans-
mission of T. cruzi to humans; and iii. based on blood ingestion velocity, the amount of
blood ingested, and the short time required for the production of the first defecation, the
hybrids can be a competent T. cruzi vector.

Faced with climate and environmental changes, reorganizations in the distribution
of species are taking place, which can increase the probability of encounters between al-
lopatric species under natural conditions [38]. Ecological niche modeling studies, which
make it possible to predict the effects of climate variations on biodiversity (and, in the
case of CD vectors, it allows the prediction of areas at risk of transmission of T. cruzi),
demonstrate that the potential geographic distribution of triatomines may also result in
encounters between allopatric species in possible new distribution areas [31,82]. Our re-
sults demonstrate that both allopatric (Figures 4-9) and sympatric (Figures 10-12) Rhod-
nius species produce hybrids (Table 3), which can generate concern for public health
agencies in the face of current anthropogenic events.
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Figure 7. Distribution maps for R. neglectus and R. milesi.
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Figure 9. Distribution maps for R. robustus and R. montenegrensis.
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Figure 12. Distribution maps for R. prolixus and R. robustus.

Introgression (or “introgressive hybridization”) describes the incorporation (usually
via hybridization and backcrossing) of alleles from one entity (species) into the gene pool
of a second, divergent entity (species) [83,84]. Among the possible events associated with
the phenomenon of hybridization in vector insects, introgression has evolutionary and,
above all, epidemiological importance [85,86]. This phenomenon can allow genes related
to the capacity and/or vector competence of the main vector species of CD to be trans-
ferred to wild species (thus increasing the number of vectors of primary importance).

The possibility of hybrid formation between Rhodnius species, demonstrated under
experimental conditions (Table 3), highlights the need for attention from the scientific
community and, mainly, of health agents since the Rhodnius taxonomy, which is already
complex due to phenotypic plasticity events and cryptic speciation [55], could become
even more complex if natural hybrids begin to be collected by residents or in ento-
moepidemiological surveys.

Souza et al. [87] highlight that important changes in the epidemiology of CD may
occur as a result of environmental changes produced by deforestation, changes in land
cover and unplanned urbanization and emphasize that they do not expect changes in the
epidemiology of CD as a direct consequence of climate change in the short term. Our
results, on the other hand, demonstrate that the hybridization capacity of the species of
the Rhodniini tribe can be a worrying factor in the short term in the face of climate
change; hence, it is necessary to intensify the control systems and continuous surveillance
of triatomines.

4. Conclusions

Here, we demonstrate that species of the Rhodniini tribe can produce hybrids under
laboratory conditions. These results are of great epidemiological importance and raise an
important discussion about the influence of climatic and environmental interactions on
CD dynamics, emphasizing the need to carry out studies to assess the capacity and vec-
torial competence of hybrids of Rhodnius spp.
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5. CONCLUSOES GERAIS

Nossos resultados demonstram que tanto as espécies alopatricas quanto as simpatricas da
tribo Rhodiniini produzem hibridos em condi¢des de laboratério, o que pode ser um fator
preocupante em curto prazo diante das mudangas climéaticas e ambientais, sendo necessario
intensificar os sistemas de controle e vigilancia continua dos triatomineos, uma vez que 0s
hibridos podem ser potenciais vetores do T. cruzi, inclusive, mais eficientes que os parentais
(sendo necessarios novos estudos que avaliem a capacidade e competéncia vetorial desses

hibridos).
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