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RESUMO

Asopinae, percevejos predadores inclusos em Pentatomidae, possui algumas
caracteristicas peculiares como a cabega aparentemente retangular em vista dorsal, 1abio
marcadamente robusto, alargado e livre, com inser¢do muito proxima a base do labro,
caracteristicas consideradas diagnoésticas para diferencia-los dos outros pentatomideos.
Apesar do amplo potencial econdmico, devido ao interesse sobre esses organismos no
controle bioldgico, a subfamilia ainda carece de estudos principalmente de morfologia
comparada das estruturas adaptadas para a predacdo. Comparou-se a morfometria linear
e a alometria do labio entre Asopinae e ndo-Asopinae (tdxons inclusos em
Pentatomomorpha e Cimicomorpha).Adicionalmente, realizou-se a reconstrucao dos
estados de caracteres ancestrais, com base na propor¢cdo comprimento/largura labial e
um fenograma das relagdes entre as espécies para esse mesmo caracter. Observou-se
que tanto espécies de Asopinae como ndo-Asopinae possuem alometria negativa em
relagdo a razdo comprimento/largura labial, contudo, Asopinae geralmente apresentam
uma forte tendéncia a ter um labio relativamente mais robusto a medida que o tamanho
do corpo aumenta em comparagdo com a mesma propor¢ao de aumento no grupo nao-
Asopinae. Essas propor¢des morfologicas tendem a manter um agrupamento de
Asopinae, entretanto ndo foram encontrados agrupamentos refletidos por ancestralidade
comum para as espécies analisadas tanto de Asopinae quanto em nao-Asopinae. Os
resultados indicam que as pressdes seletivas para predadores e fitofagos/onivoros

parecem estar sendo conduzidas por diversificagdo devido aos habitos alimentares.

PALAVRAS CHAVE: percevejos, morfologia, aparelho bucal, fenograma, filogenia



ABSTRACT

Asopinae, predatory stink bugs included in Pentatomidae, have some peculiar
characteristics, such as the apparently rectangular head in dorsal view, markedly robust
labium, inserted very close to the base of labrum, all considered diagnostic to
differentiate them from other pentatomids. Despite the economic interest on Asopinae
due to their potential use in biological control programs, the subfamily still lacks studies
on comparative morphology of the structures adapted for predation. Through linear
morphometry and allometric studies, a comparison of the labium between Asopinae and
other Pentatomomorpha and Cimicomorpha taxons was made; in addition a
reconstruction of ancestral character states was performed based on the labial
length/width ratio and a phenogram of the relationships between species for the same
character. It has been observed that both Asopinae and non-Asopinae species have
negative allometry with respect to labial length / width ratio, however, Asopinae
generally have a strong tendency to have a relatively more robust labium as body size
increases compared to the same proportion of increase in the non-Asopinae group.
These morphological proportions tend to maintain a cluster of Asopinae, however no
groupings reflected by common ancestry were found for both Asopinae and non-
Asopinae analyzed species. The results propose that selective pressures for predators

and phytophagous / omnivores seem to be driven by diversification due to feeding

habits.

KEYWORDS: stinkbug, morphology, mouthparts, phenogram, phylogeny.



INTRODUCAO

Os insetos possuem umas das maiores diversidades morfoldgicas de aparelhos
bucais, adaptados aos mais variados habitos alimentares (Labandeira 1997; Grimaldi &
Engel 2005). Algumas ordens de insetos, tais como Lepidoptera, Diptera e Hemiptera,
apresentam adaptacdes a ingestdo de alimentos fluidos, observadas como modificagdes
de diferentes apéndices bucais. Em Hemiptera a presenca de um aparelho bucal
perfurador-sugador segmentado, associado a sistemas de bombeamento de saliva e
alimento, ¢ considerada caracteristica diagndstica para da ordem (Forero 2008; Grazia
& Fernandes 2012). O aparelho bucal dos hemipteros ¢ denominado de rostro, com
mandibulas e maxilas formando estiletes tubulares longos e flexiveis alojadas no labio,
também tubular e segmentado em trés ou quatro articulos (Schuh & Slater 1995;

Grimaldi & Engel 2005; Grazia & Fernandes 2012).

Dentre os hemipteros, a maior diversidade alimentar ¢ encontrada na subordem
Heteroptera, com grupos especializados em alimentar-se de plantas, fungos, artrépodes,
pequenos vertebrados e sangue (Schuh & Slater 1995). Essa subordem possui sete
infraordens: Enicocephalomorpha, Dipsocoromorpha, Gerromorpha, Nepomorpha,
Leptopodomorpha, Cimicomorpha, e Pentatomomorpha. Tal classificagdo ¢ reconhecida
por Schuh (1979) com base principalmente em Cobben (1978) a partir de estudos sobre
tendéncias evolutivas nas estruturas no aparelho bucal e habitos alimentares (Weirauch
& Schuh 2011; Grazia & Fernandes 2012; Panizzi & Grazia 2015). Dentre as
infraordens, Enicocephalomorpha ¢ conhecida por seus hébitos predadores ou onivoros.
Dipsocoromorpha inclui os menores heterdpteros conhecidos e possuem habitos
provavelmente predatorios. Gerromorpha inclui espécies semi-aquaticas exclusivamente
predadoras. Nepomorpha reune as espécies verdadeiramente aquaticas e predadoras,
exceto por algumas espécies de Corixidae que se alimentam de algas e material vegetal
em decomposi¢do. Leptopodomorpha sdo predadores. Cimicomorpha inclui espécies
predadoras, hematdfagas ou fitofagas. Pentatomomorpha corresponde a um dos maiores
grupos de Heteroptera e abrange familias que, além de habitos fitéfagos, podem ser
predadores e hematoéfagos, além de micetéfagos, secundariamente derivados.
Pentatomomorpha juntamente com Cimicomorpha representam 90% das espécies de
heterdpteros, provavelmente devido a evolucdo do hdbito alimentar fitéfago (Cobben

1978; Spence & Andersen 1994; Grimaldi & Engel 2005; Henry 2009; Weirauch
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&Schuh 2011; Grazia & Fernandes 2012;Spangenberg et al. 2013; Panizzi & Grazia
2015).

Em Heteroptera o hébito predador ¢ observado em quase todos os grupos
considerados basais (Schuh & Slater 1995; Grimaldi & Engel 2005; Li ef al.2017). A
transi¢do da predacdo para a fitofagia provavelmente ocorreu no antepassado comum a
Cimicomorpha e Pentatomomorpha (Grimaldi & Engel 2005; Weirauch & Schuh 2011;
Panizzi & Grazia 2015;Li ef al. 2017), com reversdes a predagdo em algumas familias
dentro das duas infraordens (Li ef al. 2017). Em Pentatomomorpha, Pentatomidae ¢ uma
das familias mais numerosas e diversas, compartilhando a caracteristica ancestral da
infraordem do hébito fitofago, com a exce¢do da subfamilia Asopinae que possui habito

predador.

Asopinae possui 64 géneros e cerca de 300 espécies descritas, ocorrendo em
todas as regides biogeograficas (Thomas 1992, 1994; De Clercq 2000; Rider 2019).
Além de seu habito predador insetivoro generalista, (isto ¢, se alimentam de insetos de
diferentes ordens) alguns desses percevejos podem apresentar habito zoofitéfago, ou
seja, utilizam material vegetal para suprir nutrientes ou aminoacidos nao encontrados na
presa, ou nos periodos de escassez das mesmas, ndo causando maiores danos aos tecidos
vegetais (Armer et al. 1998; Eubanks & Denno 1999; Coll & Guershon 2002; Lemos et
al. 2009; Torres et al. 2010). O habito zoofitofago ¢ importante para o uso destes
insetos no controle bioldgico, pois permite a manutencao das populagdes de predadores
em periodos onde a populacdo de presas torna-se deficiente (Armer et al.1998; Eubanks
& Denno 1999; Coll & Guershon 2002; Lemos et al. 2009; Torres et al. 2010). Sendo
assim, Asopinae tem amplo potencial econdmico e o interesse sobre as espécies dessa
subfamilia para controle e manejo bioldgico de pragas em plantas cultivadas ¢ de
crescente interesse no Brasil, assim como em escala mundial (De Clercq et al.
1998;Malaguido & Panizzi 1998; Aldrich & Cantelo 1999; Cavalcanti et al. 2000;De
Clercq 2000, 2008; Vivian et al. 2002; Torres et al. 2006; Desurmont & Weston 2008;
Oliveira et al. 2008; Angelini & Boiga-Junior 2009; Ribeiro et al. 2010; Silva-Torres et
al. 2010; Reddy & Kikuchi 2011; Zibaee et al. 2012; Vacari et al.2013; Claver &
Jaiswal 2013; Bottega et al. 2014; Magistrali et al. 2014; Pires et al. 2015; Zanuncio et
al. 1994, 2011). Os asopineos contribuem para o controle populacional de insetos
fitofagos, principalmente larvas folivoras, o que possibilita a reducao do uso de

pesticidas em sistemas agricolas, os quais sdo custosos ¢ danosos ao ambiente
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(Symondson et al.2002; De Clercq 2008;De Bortoli et al. 2011; Pires et al. 2015).
Apesar do potencial econdmico das espécies de asopineos, apenas cerca de 10% foram
estudadas quanto aos seus ciclos de vida e habitos de predagdo, e uma consideravel
parcela dos trabalhos publicados referem-se aquelas espécies com maior potencial de
manejo de pragas agricolas, por exemplo, Podisus maculiventris (Say, 1831), P.
nigrispinus (Dallas, 1851), Perillus bioculatus (Fabricius, 1775), Eocanthecona
furcellata (Wolff, 1811) e Picromerus bidens (Linnaeus, 1758).

Assim como outros pentatomideos, os asopineos possuem corpo ovoéide (Figura
1) de tamanho moderado a grande (7 a 25 mm de comprimento) (De Clercq 2008).
Entretanto, possivelmente devido ao habito predador, eles possuem morfologia peculiar
da cabeca e pernas, sendo, inclusive, essas caracteristicas consideradas diagndsticas
para diferencid-los dos outros membros de Pentatomidae. As espécies de Asopinae
possuem a cabeca aparentemente retangular em vista dorsal, 1dbio marcadamente
robusto, alargado e livre, com inser¢ao muito proxima a base do labro, capaz de
extensdo completa a frente, o que possibilita que eles se alimentem de presas ativas;
fémures anteriores dotados de espinho que variam de reduzidos a muito robustos; tibias
anteriores expandidas em algumas espécies; e cerdas do aparato tibial numerosas,
variando em numero entre os géneros (Gapud 1991; Thomas 1992, 1994; De Clercq

2008; Barao et al. 2013; Brugnera et al. 2019).

Figura 1. Asopinae: Montrouzieriellus sp. (A) vista dorsal; (B) vista ventral.

Barra de escala = 1mm (Foto Talita Roell).
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A diversidade biolégica ¢ dominada pelas diferengas nos tamanhos relativos das
estruturas corporais e diferencas anatdmicas entre as espécies que compartilham um
plano corporal (Raff 1996). A variagdo no tamanho ¢ um importante determinante para
os processos de diversificacdo evolutiva, uma vez que muitos desses padroes de
variacao estdo sujeitos a selecao natural e/ou sexual. Os insetos sdo um bom exemplo de
diversificacdo morfoldgica, eles apresentam variagdes fenotipicas consideraveis tanto
intra- como interespecifica, como por exemplo, os diferentes comprimentos de chifres
de machos de besouros Onthophagus acuminatus (Emlen 1996) ou as longas
proboscides das moscas pertencentes a Nemestrinidae (Karolyi et al. 2012), essas
adaptacdes podem esta relacionadas a diversos fatores como locomogdo, alimentagdo
(captura ou manuseio de presas), competicdo na reproducdo ou até mesmo defesa
(Emlen & Nijhout 2000; Lavine et al. 2015 ). As alteragdes morfologicas nos
organismos vém sendo frequentemente associadas a estudos de crescimento alométrico
para compreender as adaptacdes evolutivas nessas estruturas (Huxley 1924, 1932; Cock
1966; Gould 1966; Schmidt-Nielsen 1984; Emlen 2008). Brannen et al. (2005) através
de estudos de alometria comparou a morfologia craniana do primeiro, segundo e
terceiro instares de Agabus disintegratus mostrando alteragdes ontogenéticas
significativas na arquitetura craniana, evidenciando a capacidade dessas larvas em

explorar presas de caracteristicas diferentes durante cada instar.

A alometria pode ser definida como taxa de crescimento desproporcional entre
estruturas corporais de um organismo (Huxley 1924, 1932). Essa taxa de crescimento
pode variar entre individuos de uma mesma populagdo e mesma faixa etdria, conhecido
como alometria estatica, ao longo do tempo de desenvolvimento, denominada de
alometria ontogenética ou ser classificada como alometria evolutiva quando a variagdo
se da ao longo do ramo de uma filogenia ou entre individuos que compartilham um
ancestral comum (Klingenberg 1996). As relacdes alométricas, ou seja, a relagdo entre o
tamanho de um trago morfoldégico e o tamanho do corpo como um todo ¢
tradicionalmente modelada pela equagdo alométrica: y = bx“; onde, “x” e “y” sdo as
dimensdes de duas estruturas, “a” e “b” sdo constantes. Huxley (1932) percebeu que se
projetado um grafico de dispersdo de duas caracteristicas de um organismo em
crescimento, esse crescimento segue uma linha de tendéncia curva, contudo, se os dados

forem logaritmizados a relagdo se torna linear. A transformagdo logaritmica da formula

alométrica produz uma equagao linear simples: log(y) = log (a) + b log (x),; dessa forma
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a constante “b” que retorna a inclinacao da reta e “a” € o intercepto, valor de “y” quando
“x=0”. O tamanho relativo da caracteristica morfologica em relacdo ao tamanho do
corpo ¢ constante (isométrico) quando “b = 17, essa condi¢do muda para alometria
positiva quando “b > 1” ou caracteriza-se por alometria negativa se “b < 1” (Huxley
1924, 1932; Huxley & Teissier 1936; Cock 1966; Gould 1966; Klingenberg 1996, 2016;
Kodric-Brown et al.2006; Tobler & Nijhout 2010; Martino & Siena 2012).

O conhecimento atual sobre Asopinae, com relacdo a morfologia e sistematica,
concentra-se em estudos exploratorios de genitdlia (Leston 1953; Pendergrast 1957;
McDonald 1966; Gapud 1991), relatos de diversidade morfoldgica da area evaporatéria
(Thomas 1992, 1994) e das pernas (Thomas 1992, 1994; Barao et al. 2013; Brugnera et
al. 2019), e trés revisdes taxondmicas do grupo, uma fornecida por Schouteden (1907) e
outras duas por Thomas (1992, 1994). Além disso, uma avaliagdo filogenética do grupo
com base em dados morfoldgicos e moleculares esta em desenvolvimento (Roell et al.
in prep.). Entretanto, essa subfamilia ainda carece de estudos sobre morfologia
comparada visando entender a variagdo, bem como a evolugdo morfologica das
diferentes estruturas corporais ja apontadas como caracteres diagnosticos do grupo.
Neste trabalho objetivou-se estudar a morfologia do 1abio de Asopinae, comparando
com outros tdxons de Pentatomomorpha através de morfometria linear e estudos
alométricos para inferir as divergéncias adaptativas devido ao héabito de predagdo nessa

subfamilia.

Através de estudos em morfometria linear e alometria foi feita uma comparacao
do labio de Asopinae com outros tdxons inclusos em Pentatomomorpha. Foi possivel
observar que tanto espécies de Asopinae como nao-Asopinae possuem alometria
negativa em relacdo a razdo comprimento/largura labial. Contudo, Asopinae geralmente
apresentam uma forte tendéncia a ter um labio relativamente mais robusto a medida que
o tamanho do corpo aumenta em comparagdo com a mesma propor¢ao de aumento no
grupo nao-Asopinae. Além disso, espécies ndo-Asopinae apresentam maior amplitude
de comprimento labial em comparagdao com Asopinae. Portanto, espécies fitofagas ou
onivoras apresentam maior variabilidade alométrica em relagdo ao tamanho corporal e

razdo comprimento/largura labial quando comparadas as espécies de Asopinae.

Foi feita uma reconstru¢do dos estados de caracteres ancestrais, com base na

propor¢ao comprimento / largura labial, além disso, um fenograma das relagdes entre as
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espécies foi construido para esses mesmos caracteres. Foi observado que
Pentamomorpha mostra uma tendéncia em direcdo a faixas de valores mais amplas em
relagdo ao comprimento e largura labial, exceto em Asopinae, que mostram uma
tendéncia ao labio proporcionalmente mais robusto. O fenograma para a relacao
comprimento / largura labial mostra uma tendéncia em agrupar Asopinae, contudo, nao
foi observada nenhuma correspondéncia de agrupamentos com as filogenias ou

classificagdes atuais.

Esses resultados indicam que, embora as pressdes seletivas possam ter
favorecido um labio menos variavel em Asopinae, o0 mesmo nao ocorreu nos demais
Pentatomomorpha fitofagos ou onivoros. Além disso, o agrupamento entre as espécies
analisadas, Asopinae e ndo Asopinae parece ndo ser refletido por ancestralidade

comum, mas por diversificagdo devido aos habitos alimentares.
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(HEMIPTERA: PENTATOMIDAE)

24



A PREDATOR’S FACE: ALLOMETRY OF THE ASOPINAE LABIUM
(HEMIPTERA: PENTATOMIDAE)

Abstract

Asopinae includes the predatory stink bugs pertaining to the otherwise phytophagous
Pentatomidae. The asopines present peculiar characteristics, considered diagnostic to
differentiate them from other pentatomids such as, the apparently rectangular head in
dorsal view, and a markedly robust labium, inserted very close to the base of labrum.
Despite the wide economic potential, due to the interest of these organisms to biological
control programs, the subfamily still lacks studies mainly of comparative morphology
of structures adapted to predation. Through linear morphometry and allometric studies,
a comparison of the labium between Asopinae and other Pentatomomorpha was made;
in addition a reconstruction of ancestral character states was performed based on the
labial length / width ratio, along with a phenogram of the relationships between species
for the same character. It was observed that both Asopinae and non-Asopinae species
have negative allometry with respect to labial length / width ratio, however, Asopinae
generally have a strong tendency to have a relatively more robust labium as body size
increases compared to the same proportion of increase in the non-Asopinae group.
These morphological proportions tend to maintain a cluster of Asopinae, however no
groupings reflected by common ancestry were found in the phenogram for both
Asopinae and non-Asopinae. Selective pressures for both predators and phytophagous /

omnivores seem to be driven by diversification due to feeding habits.

KEYWORDS: stinkbug, morphology, mouthparts, phenogram, phylogeny.
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Introduction

The hemipterans have adaptations to feed on fluids, observed externally as
modifications of the different mouthpart appendages into a segmented piercing-sucking
apparatus, associated with saliva and food pumping systems. This specialized feeding
apparatus, known as rostrum, is a synapomorphy of the order (Weirauch & Schuh
2011). The rostrum is formed by a three- or four-segmented tubular labium that houses
mandibles and maxillae modified into long and flexible tubular stylets (Schuh & Slater
1995; Grimaldi & Engel 2005; Grazia & Fernandes 2012). The suborder Heteroptera
presents the highest feeding strategies diversity among the Hemiptera, with groups
specialized in feeding on plants, fungi, arthropods, small vertebrates, and blood (Schuh
& Slater 1995). Heteroptera comprises seven infraorders: Enicocephalomorpha,
Dipsocoromorpha, Gerromorpha, Nepomorpha, Leptopodomorpha, Cimicomorpha, and
Pentatomomorpha. This classification was proposed by Schuh (1979) based mainly in
Cobben (1978) from studies on evolutionary trends regarding the morphology of the
mouthparts, and life and feeding habits (Weirauch & Schuh 2011; Grazia & Fernandes
2012; Panizzi & Grazia 2015).

Almost all the groups that are considered basal in Heteroptera present predatory
habits (Schuh & Slater 1995; Grimaldi & Engel 2005; Li et al. 2017). The transition
from predation to phytophagy probably occurred in the common ancestor of
Cimicomorpha and Pentatomomorpha (Grimaldi & Engel 2005; Weirauch & Schuh
2011; Panizzi & Grazia 2015; Li et al. 2017), with reversions to predation in some
families within the two infraorders (Li et al. 2017). Pentatomidae, one of the most
diverse families in Pentatomomorpha, has most of its subgroups sharing the ancestral
infraorder characteristic of phytophagy, with the exception of the subfamily Asopinae

whose species have predatory habits.

The Asopinae comprise 64 genera and about 300 species, occurring in all
biogeographical regions (Thomas 1992, 1994; De Clercq 2000; Rider 2019). In addition
to their general insectivorous habits, feeding on insects of different orders, some of
these stink bugs may present zoophytophagy, using plant fluids as sources of nutrients
or amino acids not found in their preys, or to stay healthy when preys are scarce,

causing no great damage to plant tissues (Armer et al. 1998; Eubanks & Denno 1999;
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Coll & Guershon 2002; Lemos et al. 2009; Torres et al. 2010). Species in Asopinae are
of great interest and have broad economic potential because of their role in biological

control programs and management of pests in cultivated plants on a global scale

(Malaguido & Panizzi 1998; De Clercq 2000, 2008; Pires et al. 2015).

As with other pentatomids, the Asopinae have moderate to large size ovoid body
ranging in length from 7 to 25 mm (De Clercq 2008). However, possibly due to the
predatory habits, they have a peculiar morphology of the head and legs, and these
characteristics are diagnostic to differentiate them from other Pentatomidae. The most
remarkable characteristic of asopines is the markedly robust and not particularly long,
labium, inserted very close to the base of labrum, and capable of full extension forward
allowing them to feed on active preys (Gapud 1991; Thomas 1992, 1994; De Clercq
2000, 2008).

Biological diversity is dominated by differences in relative body structure sizes
and anatomical differences between species sharing a body plane (Raff 1996). Variation
in size is an important determinant of evolutionary diversification processes since many
morphological features are subject to natural or sexual selection. Insects are a good
example of morphological diversification, they have considerable phenotypic variations
both intraspecific and interspecific, such as the different horn lengths of male beetles
Onthophagus acuminatus (Emlen 1996) or the long proboscis of flies belonging to
Nemestrinidae (Karolyi et al. 2012), these adaptations may be related to various factors
such as locomotion, feeding (prey capture or handling), reproduction competition or
even defense (Emlen & Nijhout 2000; Lavine et al. 2015 ). These features have often
been subject of allometric growth studies to help understand their evolutionary
adaptations (Cock 1966; Gould 1966; Huxley 1924, 1932; Schmidt-Nielsen 1984;
Emlen 2008). Moreira et al. (2017) showed that the prothoracic legs in heliconian
butterflies decreased proportionally in size over evolutionary time, with the evolution of
this structure based on losses and fusions of podites, in association with negative size
allometry. Brannen et al. (2005) through allometric studies compared the cranial
morphology of the first, second and third instars of Agabus disintegratus showing
significant ontogenetic changes in cranial architecture, evidencing the ability of these

larvae to explore prey with different characteristics.
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Allometry can be defined as disproportionate growth rate between body
structures of an organism (Huxley, 1924, 1932). This growth rate may vary between
individuals in the same population and age group, known as static allometry, along the
development time, called ontogenetic allometry or be classified as evolutionary
allometry when variation occurs along the branch of a phylogeny or between
individuals who share a common ancestor (Klingenberg, 1996). An allometric
relationships, that is, the relationship between a body structure and the relative size of
an organism, is traditionally modeled by the equation: y = bx“;where "x" and "y" are the
dimensions of two structures, "a" and "b" are constants. The logarithmic transformation
of the allometric formula produces a simple linear equation: log(y) = log (a) + b log
(x),t hus the constant “b” that returns the slope of the line and “a” is the intercept, value
of “y” when “x = 0” (Huxley 1932). The relative size of the morphological feature
relative to body size is constant (isometric) when “b = 17, this condition changes to
positive allometry when “b> 17 or is characterized by negative allometry if “b <1~
(Cock, 1966; Gould, 1966; Huxley, 1924, 1932; Huxley & Teissier, 1936; Klingenberg,
1996, 2016; Kodric-Brown et al., 2006 ; Tobler & Nijhout, 2010; Martino & Siena,
2012).

The current knowledge about Asopinae, with respect to morphology and
systematics, focus on exploratory studies of their genitalia (Gapud 1991; Leston 1953;
McDonald 1966; Pendergrast 1957), reports on the morphological diversity of
evaporatorium (Thomas 1992, 1994) and legs (Thomas 1992, 1994; Barao et al. 2013;
Brugnera et al. 2019), and three taxonomic revisions (Schouteden 1907; Thomas 1992,
1994). However, this subfamily still lacks studies on comparative morphology in order
to understand the variation, as well as the morphological evolution of the different body
structures already identified as diagnostic characters to the group. Thus, this work
aimed to perform a linear morphometry and allometric evaluation of the labium in
Asopinae to help understand the adaptive divergences due to predation habits in this
subfamily. We hypothesised that: (i) feeding habits influence the morphology in relation
to labial length and width in Pentatomomorpha; (ii) the proportion the labial
length/width ratio of predatory species is greater than the same proportion in
phytophagous or omnivorous species; (ii) the labial length/width ratio will show

positive allometric growth in Asopinae.
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Material and methods

We used specimens from dry collections belonging to the following institutions.
Acronyms according to Evenhuis (2019): American Museum of Natural History
(AMNH - USA); Australian Museum (MAS - Australia); Cleveland Museum of
Natural History (CLEV — USA); Cole¢ao de Entomologia Sistematica do Instituto de
Pesquisas da Amazonia (INPA — Brazil); Departamento de Zoologia da Universidade
Federal do Rio Grande do Sul (UFRG — Brazil); Illinois Natural History Survey (INHS
— USA); John E. EgerCollection (JEE — USA); Milwaukee Public Museum (MPM —
USA); Museu Nacional do Rio de Janeiro (MNRJ — Brazil); Museé Zoologique (MZLS
— Switzerland); National Museum of Natural History (NMPC — Czech Republic); Staten
Island Museum (SIM — USA); Swedish Museum of Natural History (SMNH — Sweden);
University of California, Entomology Research Museum (UCRC — USA); University of
Copenhagen (ZMUC — Denmark); University of Minnesota (UMSP — USA); Virginia
Museum of Natural History (VMNH — USA); Museu de Zoologia da Universidade de
Sdo Paulo (MZUSP- Brazil); and Cole¢do de Hemiptera do Museu de Zoologia da
Universidade Estadual de Campinas (ZUEC- Brazil). Dichotomous keys were used for
specimen identification at the lowest possible taxonomic level when necessary
(Carvalho & Ferreira 1995; Froeschner 1981; Panizzi & Grazia 2015; Schuh & Slater
1995).

A total of 28 species from the following families of Pentatomomorpha were
measured: Coreidae, Rhyparochromidae, Alydidae, Dinidoridae, Pyrrhocoridae,
Geocoridae, Rhopalidae, Acanthosomatidae, Berytidae, Largidae, Lygaidae,
Scutelleridae, Cydnidae, Tessaratomidae and Pentatomidae. We also measured one
Miridae species (Cimicomorpha) (Table 1). For each of these families a single species
was chosen as representative, except for Pentatomidae for whom we selected one
species of Pentatominae and 13 species of Asopinae (Table 1).

Morphological measurements of the length and width of the labial segments as
well as the mesofemur length (n=10/sex/species) were obtained. The length of each
labial segment was measured in ventral view or in lateral view when necessary, and the
maximum anterior and posterior width measures were taken in ventral view (Figure 1).
Mesofemur has little inter-specific morphological variation, so this appendix was

obtained as a standard size measurement for comparison where its largest length was
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measured in dorsal view (Figure 1). All measurements were made on adult specimens
using a stereomicroscope with a graduated reticulum. For the measurements of the
labial segments we calculated the mean of the total length for each segment, for the
width of each labial segment we calculated the means for each anterior and posterior
widths. For the measurements of the mesofemur we calculated the mean of its dorsal

length.

Linear measurements were transformed by the formula (In N)+4 prior to the
regression analyses in order to avoid negative numbers in the results. We then applied a
linear regression where the labial length/ width ratio is the dependent variable and the
median femur length is the independent covariable. Due to the differences in size often
found in males and females in Pentatomidae, both sexes were individually analyzed for
labial length / width ratio, and then compared to each other (n=10/sex/species), then
both sexes were combined for further analysis. In order to verify differences between
Asopinae and other taxa, the means of each Asopinae species were used, then these
measurements were combined into a single group, similarly the means of the non-
Asopinae species were grouped, and this nomenclature (Asopinae and non-Asopinae)
was adopted throughout the work. The mean values of both groups were compared
using the T-test. Slopes and intercepts were compared with covariance analysis (one-
way ANCOVA). All comparisons were made using GraphPad Prism® software
(GraphPad Software 5, San Diego, CA, USA).

In order to infer the evolutionary changes of the labium throughout the
phylogenetic history in Pentatomomorpha, we performed an ancestral character states
reconstruction on a molecular phylogeny. A total of 20 Pentatomomorpha taxa were
sampled, plus one species of Cimicomorpha used to root the tree (Table 2). The
sequences used in the molecular analysis were retrieved from Genbank. To generate our
dataset we followed Weirauch et al (2018), who suggested the three ribosomal markers
consistently used within Heteroptera, i.e., 16S rDNA, 18S rDNA and 28S rDNA, have
been show to resolve phylogenies at high taxonomic level within the suborder. We
additionally selected the mitochondrial marker cytochrome oxidase subunit 1 (COI) (Li
et al. 2012). The families are represented by a single selected species, except for the
Pentatomidae due to our focus in Asopinae. Due to the lack of molecular data for the
species selected for morphology studies, we assumed the family monophyly and species

with pre-existing GenBank data were selected to represent previously used families. The
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species were selected intending to avoid including missing data in the taxon-character

matrix (Table 2).

Alignments of the sequences were performed using Mafft 7 (Katoh et al. 2017),
online version (http://mafft.cbrc.jp/alignment/server/index.html), applying the strategy
“Auto”. The appropriate substitution model was chosen for each molecular marker
using jModelTest v2.1.6 (Darriba et al., 2012; Guindon and Gascuel, 2003) via the
Bayesian information criterion (BIC) as suggested by Luo et al. (2010), also
implemented in jModeltest 2.1.5. Alignments were concatenated in a single matrix
using SequenceMatrix 1.8 (Vaidya et al., 2011), recoding external gaps as question
marks, and the final matrix was exported in both Phylip for RAXML analyses on
CIPRES (see below).

Maximum-Likelihood analysis was performed on the matrix using RAXML-
HPC2 at CIPRES Science Gateway (Miller et al., 2012) (www.phylo.org/portal2/). The
GTR-CAT model optimizes site-specific evolutionary rates. Nodal support was assessed
with automatic Stop Bootstrapping Automatically with Majority Rule Criterion
(autoMRE).

For the ancestral character states reconstruction, the character labial length /
width ratio was estimated by Maximum-likelihood as a continuous character assuming a
Brownian motion pattern of evolution along the tree. For the cluster analysis, a
phenogram of relationships between species was constructed for the characters labial
length / width ratio and femur length based on Mahalanobis distances by the
unweighted pair group mean (UPGMA) method. Reconstructions were performed
usingR® software (R Foundation for Statistical Computing, Vienna, Austria) using
“ape” (Paradis & Schliep 2018), “phylogram” (Wilkinson &Davy 2018), “phytools”
(Revell 2012) and“vegan: Community Ecology” (Oksanen et al. 2013) packages.

Results and discussion

Sexual size dimorphism is reported in many arthropods, and such dimorphism
may be related to the differential phenotypic plasticity between the sexes and the

adaptations of both sexes in their different roles in sexual selection (Fairbairn, 1997;
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Stillwell et al. 2010). The comparison of male and female allometric coefficient
analyses did not show significant differences between slopes of males and females of

the same species (P>0.05), except for Oplomus catena (Table S1).

Asopinae is known for some remarkable morphological characteristics that differ
from other stinkbugs, such as the labium markedly robust and not particularly long,
never exceeding the abdominal base (De Clercq 2000, 2008; Thomas 1992, 1994). An
allometry test for linear measurements showed isometry between the total labial length
and mesofemur length both for Asopinae (F;= 0.8971, P = 0.354) and non-Asopinae
(F;= 0.0005, P= 0.981) (Table 3). In the same way we found isometry between the
labial width and mesofemur length for both groups (F;= 1.0344, P = 0.320 for Asopinae
and F; = 1.8377, P = 0.186 for non-Asopinae) (Table 3). A comparison between the
slopes of the two groups showed no significant difference for both variables (#;< 0.001,
P =0.9973 for length and F; = 1.36698, P= 0.2543 for width). A T-test for the two
variables (total length and average labial width) revealed the means of both
characteristics are significantly different between Asopinae and non-Asopinae (P<0.05)
(Table 4). We observed that the larger species in Asopinae have relatively wider labium
compared to a more variable non-Asopinae, and the later have greater amplitude of
labial length compared to Asopinae (Figure 2). Therefore, phytophagous or omnivorous
species present greater variability in relation to body size and labial length and labial

width when compared to Asopinae species (Figure 2).

The relation between the labial length / width ratio and femur resulted negative
allometry in all analyzed species (P<0.005), except for Geocoris sp., Jalysus sp., and
Pycnoderes sp. due to the presence of outliers (Table 5). These three species also
resulted negative allometric after the removal of outliers (Table 5). When the species are
grouped into Asopinae and non-Asopinae and compared to each other in relation to
labial length / width ratio, the differences between the slopes are not significant (F; =
1.03949, P = 0,3177), but the difference between intercepts are significant (P<0.05).
The T-test showed significant differences between the means of the two groups (P<
0.05) (Table 4). A negative inclination of the slope was observed in the Asopinae,
showing a low ratio of labial length / width (Figure 2). We observed that Asopinae
usually present a strong tendency to have a relatively more robust labium as body size
increases compared to the same proportion of increase in the non-Asopinae group

(Figure 2). Phytophagous species included in Pentatomomorpha and Cimicomorpha
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(like other Hemiptera) feed on plant material using their mouthparts to puncture tissue
and suck leaf cell or seed contents or vascular fluids, these specimens generally find
little or no plant resistance beyond the rigidity of the cell wall (Schaefer & Panizzi
2000). Asopinae, different from other taxons in Pentatomorpha, has broad and free
labium, inserted very close to the base of the labrum, and capable of full extension
forward (De Clercq 2000, 2008; Thomas 1992, 1994). The predatory behavior in
Asopinae consists to approach the prey with the rostrum extended, then attack by
inserting the stylets in the prey, however different prey types can make abrupt
movements in defense against the predator’s attack (Lemos et al. 2005; Silva et al.
2012). The increase in the caliber of the mouthparts may reflect adaptations to this
predation behavior, giving greater support to resist the impact caused by the capture of

live prey.

The maximum likelihood phylogenetic hypothesis that we infer recovered
relationships between families representatives similar to those found in the literature (Li
et al. 2017; Weirauch et al. 2018) (Figure S1). The ancestral character states
reconstruction recovered a phylogeneticaly structured evolution of the labium,
considered here as the character of labial length / width ratio. The lowest trait values
were observed in the outgroup (Miridae), intermediate values were found in the
Pentatomoidea clade, whereas the Coreiodea, Pyrrhocoroidea, and Lygaeoidea clade
tend to high values (Figure 3). The Pentamomorpha show a trend towards wider value
ranges in relation to both the length and width of the labium, except for the Asopinae
which show a trend to proportionally wider (low values) labium (Figure 3). Low values
in the labial trait were also observed in Dinidoridae and Tessaratomidae, showing a
particular variation in the labial length / width ratio in these families due to the

relatively short rostrum of their species.

The phenogram for the characters labial length / width ratio and femur shows a
trend towards grouping the Asopinae (Figure 4, cluster A). However, two non-Asopinae
species clustered in this group: Dinidor mactabilis (Dinidoridae) and Piezosternum
subulatum (Tessaratomidae). These species have a very short labium compared to other
species of similar sizes (Table 1). Therefore, it is likely that the grouping of these
species with Asopinae is due to the proportions resulted from short rather than wide
labium. Two species of Asopinae clustered outside the largest Asopinae grouping:

Discocera coccinea and Euthyrhynchus floridanus (Figure 4, cluster B). It is possible
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this morphological distance is because these species have relatively narrow labium
compared to other asopine species of similar sizes. The remainder species clustered

without any correspondence with current phylogenies or classification.

These results indicate that while selective pressures may have acted favoring a
less variable labium in Asopinae when we analyze the labial length/width ratio, the
same have not occurred in the remainder phytophagous or omnivorous
pentatomomorphans. The clustering between the species analyzed, both Asopinae and
non-Asopinae, seems to be reflected by diversification due to feeding habits. Species
included in Pentatomomorpha are generally recognized by phytophagous habits, apart
from some reports of predation tendency in Berytidae and Geocoridae, and the
Asopinae (Pentatomidae) with obligatory predatory habits (Panizzi & Grazia 2015). The
phytophagous species have great morphological variation in relation to the proportions
of the labium, a characteristic probably related to particularities in their main food that
can be different plant groups and parts. As examples we can mention species included
in Acanthosomatidae that feed on young tissues and reproductive parts of the host plant.
(Schaefer & Ahmad 1987). Dinidoridae can feed on both reproductive and vegetative
parts (Schaefer & Panizzi 2000; Panizzi & Grazia 2015). Pyrrhocoridae usually feed on
mature seed or seed secretions (Schaefer & Panizzi 2000; Panizzi & Grazia 2015).
Members of the Scutelleridae family can feed on stems, leaves, flowers and fruits of the
host plant (Panizzi & Grazia 2015). Although they feed on different plant parts, sucking
insects find little or no resistance to the plant, as these organisms often have external
defense against predators (such as spine or trichomes), so these insects can easily access
plant nutrients without major impacts to their mouthparts (Schaefer & Panizzi 2000).
The Asopinae, in addition to the predatory habit, have different morphological features
and behaviors when compared to other pentatomomorphans. The behavior of
approaching the prey with the rostrum extended forward, and after prey fixation, the
resistance against abrupt movements of the prey with the rostrum still extended (Lemos
et al. 2005; Silva et al. 2012), may reflect a greater energy investment in the
mouthparts, as a result of greater robustness. Therefore, the increase in caliber of the
Asopinae mouthparts could be related to the specialization in feeding habits, whereas
these stinkbugs have the generalist isetivore predatory habit, feeding on insects of

several orders, exclusive behavior for this subfamily included in Pentatomidae.

34



Supporting Information

Appendix 1. Table S1. Comparison of male and female allometric coefficient for the
labial length / width ratio when regressed on the femur for different species of
Pentatomomorpha and selected outgroup (Pycnoderes sp., Cimicomorpha). Values in

red indicate statistical significance (one-way ANCOVA, alpha= 0.05).

Appendix 2. Figure S1. Maximum likelihood tree from the RAXML analysis of

molecular dataset.
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Table 1. Mean of measures for mesofemur, total labial length, and labial width mean of
species belonging to Asopinae and non-Asopinae included in Pentatomomorpha and

Cimicomorpha (Pycnoderes sp.) with their feeding habits. All measurements are in

millimeters.
Total =y . bial
Asopinae Genera/Species Habit Mesofemur labial .
width
length
Alcaeorrhynchus grandis
(Dallas, 1851) predator 4.751 7.027 0.879
Andrallus sp ’1”7’3%” (Fabricius, ) dator 3.461 5.153 0.485
Apoecilus cynicus (Say, 1831) predator 4.527 5.681 0.693
Arma custos (Fabricius, 1794) predator 3.003 4.856 0.354
Blerioceny {‘él;g“;”s (Sipmmr, predator 3.403 5.091 0.520
Discocera “’f;;’g“ (Fabricius, predator 3.389 4.500 0.273
Euthyrhynchus floridanus
s, 1757) predator 3.848 6.847 0.401
Oplomus catena (Drury, 1782) predator 3.471 4.475 0.419
G b"’cl‘;l;’gl;s (Lt predator 2.693 3.269 0.330
Podisus ”iglréssl’li;“”s (Dallas, predator 2,576 4291 0.358
Py "”Ci’;’;‘go Chbmetss e 2.459 3.386 0302
Supputius fg”’s‘gceps (Stal, predator 2,329 4228 0.312
Tynacantha e 2l 2.885 4.983 0.324
Total .
. . . . Labial
Non-Asopinae Genera/Species Habit Mesofemur labial .
width
length
Coreidae Anasa varzcr;;giz;)(Westwood, phytophagous 4.102 4.753 0.185
Rhyrgf‘égghm Cryphula sp. phytophagous 1.000 1.787 0.075
Alydidae Cydamus sp. phytophagous 2.158 3.516 0.158
L Dinidor mactabilis (Perty,
Dinidoridae 1833) phytophagous 3.624 3.269 0.265
Pyrrochoridae Dysdercus sp. phytophagous 3.152 5.774 0.236
Geocoridae Geocoris sp. omnivorous 0.915 1.669 0.073
Rhopalidae Harmostes sp. phytophagous 1.386 2.170 0.095
Acanitggsomat Hellica nitida Haglund, 1868 phytophagous 1.280 1.819 0.143
Berytidae Jalysus sp. omnivorous 3.330 2.524 0.076
Largidae Largus sp. phytophagous 3.985 4.035 0.209
Pentatomidae Nezara vzricézglg) (Linnacus phytophagous 3.735 5.718 0.310
Lygaidae Nysius sp. phytophagous 1.308 2.439 0.071
Scutelleridae Pachycoris tlo ;;zzcgus (Scopoli, phytophagous 3.732 6.919 0.395
Cydnidae Pangaeus sp. phytophagous 2.200 3.394 0.170
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Table 1. continuation.

Piezosternum subulatum
(Thunberg, 1783)

Miridae Pycnoderes sp. phytophagous 0.736 0.597 0.073

Tessaratomidae phytophagous 4318 3.558 0.314

Table 2. Classification and GenBank accession numbers of the taxa included in the
phylogenetic analyses. -, not applicable.

Infraorder Superfamily Family (Subfamily) Species COl 18SrDNA  28SrDNA  16S rDNA
Cimicomorpha Miridae Orthotylus flavosparus ~ JQ004042 JQ004030 JQ004034 JQ004038
Pentatomomorpha Pentatomoidea Acanthosomatide Stauralia compuncta AY253001  AY252269 AY252513  AY252741
Cydnidae Microporus nigrita MF162975.1 KJ535880.1 KJ535880.1 JQ029137.1
Dinidoridae Cyclopelta obscura ~ MH707339.1 KJ522641.1 KJ522642.1 JQ029146.1
Pentatomidae (Asopinae)  Oechalia schellenbergii EF641159.1 EF641206.1 EF641185.1 EF641133.1
Pentatomidae (Asopinae) Picromerus lewisi KC155928.1 KIJ535896.1 KJ535891.1 KC155950.1
Pentatomidae (Asopinae) Podisus maculiventris  AY252953.1 AY252208.1 AY252457.1 -
Pentatomidae (Pentatominae) Hypogomphus sp. AY253007  AY252278  AY252522  AY252750
Pentatomidae (Pentatominae) Brochymena sp. AY252918  AY252137  EF641187  AY252655
Scutelleridae Coleotichus costatus AY253005  AY252274  AY252518  AY252746
Tessaratomidae Tessaratoma papillosa  AY252948.1 AY627312.1 - AY986806.1
Coreoidea Alydidae Leptocorisa acuta AY252956  AY627322  AY252462  AY252691
Coreidae Maevius indecorus AY252957  AY252214  AY252463  AY252692
Rhopalidae Leptocoris augur KU234090.1 KP142861.1 KX523434.1 KX523378.1
Lygaeoidea Berytidae Neoneides muticus AY253130  AY252412  AY252631  AY252892
Geocoridae Germalus sp. AY252930.1 AY252423.1 AY252642.1 AY252669.1
Lygaeidae Kleidocerys sp. AY253128  AY252410 AY252629  AY252890
Rhyparochromidae Udeocoris nigroaeneus ~ AY252994  AY252262  AY252505  AY252735
Pyrrhocoroidea Largidae Physopelta gutta EU427343.1 KP142865.1 KJ461255.1 AY139970.1
Pyrrhocoridae Pyrrhocoris apterus  KX821862.1 KX821833.1 KX821848.1 KX821818.1

Table 3. Allometric coefficients of labial length (mm) and labial width (mm) in relation
to mesofemur length among Asopinae and non-Asopinae, and comparison of the slope
with an isometric line (Isometry comp.). Regression analysis, one-way ANCOVA, a =
0.05.

Body parts Regression parameter Isometry comp.

Slope = CI Intercept = CI F P
Asopinae labial length  1.246 £ 0.2592 0.8439+0.8737 0.8971 0.354
labial width 1.289+0.2842 -3.545+1.470 1.0344 0.320
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Table 3. continuation.

Non-Asopinae labial length 1.005+0.2292  0.7972 +0.654  0.0005 0.981
labial width  0.7893 + 0.1554 -1.665+0.7490 1.8377 0.186

Table 4. T-test for the variables (total length, average labial width and labial length /
width ratio) among Asopinae and non-Asopinae. Measurements are in millimeters and
then transformed by the formula (In N)+4. SEM = standard error of the mean.

Body parts Asopinae Non-Asopinae

Mean + SEM P
labial length 5.574 +0.06381 5.068 +0.1521 0,0063
labial width 3.117£0.09827 2.110+0.1508 <0.0001

labial length / width ratio 6.464 + 0.06836 6.968 £ 0.1001  0,0003

Table 5. Allometric coefficients of labial length / labial width ratio for Asopinae and
non-Asopinae, and comparison of the slope with an isometric line (Isometry comp.).
Regression analysis,one-way ANCOVA, alpha= 0.05.Values in parentheses represent
analysis excluding outliers.

Asopinae Regression parameter Isometry comp.
Slope + CI F P
Alcacorrhynchus -0.1422 + 0.07468 233918 <0.0001
grandis
Andrallus spinidens -0.1940 £ 0.1402 72.5045 <0.0001
Apoecilus cynicus -0.7503 £ 0.1841 90.3779 <0.0001
Arma custos -0.4662 + 0.1327 122.0390 <0.0001
Brontocoris tabidus -0.1955+0.3196 13.9899 0.0006385
Discocera coccinea 0.04461 = 0.1911 24.9885 <0.0001
Euthyrhynchus -0.4195 +0.1382 105.4770 <0.0001
floridanus
Oplomus catena -0.3774 £ 0.07547 333.0350 <0.0001
Perillus bioculatus -0.1114 £0.1484 56.0560 <0.0001
Podisus nigrispinus -0.1833 £ 0.1360 75.7487 <0.0001
Stiretrus anchorago -0.07618 = 0.09787 120.9120 <0.0001
Supputius cincticeps -0.3772 £ 0.06200 493.4530 <0.0001
Tynacantha marginata -0.01627 = 0.08645 138.1920 <0.0001
Non-Asopinae Regression parameter Isometry comp.
Slope + CI F P
Anasa varicornis -0.1416 £ 0.1619 49.7514 <0.0001
Cryphula sp. 0.4414 +£0.1724 10.5032 0.0025868
Cydamus sp. 0.01039 + 0.2951 11.2455 0.001889
Dinidor mactabilis 0.1193 £0.1596 30.4468 <0.0001
Dysdercus sp. -0.1835 + 0.1407 70.7866 <0.0001
Bl s -0.1905 + 0.8587 1.92238 0.1741
(0.3112 £ 0.5549) (5.583) (0.02399)
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Table 5. continuation.

Harmostes sp. 0.2023 £ 0.2441 10.6775 0.002388
Hellica nitida -0.1135 £ 0.2274 23.9836 <0.0001
Jalysus sp. 0.3396 = 0.4594 2.06646 0.1592
(0.3068 £0.2193) (9.99281) (0.003297)
Largus sp. 0.2390 = 0.1066 50.9801 <0.0001
Nezara viridula -0.1326 £ 0.1052 115.9220 <0.0001
Nysius sp. 0.2901 £+ 0.3054 5.4016 0.02588
Pachycoris torridus 0.2331 £0.2462 9.7042 0.003599
Pangaeus sp. 0.2192 £ 0.2468 10.0073 0.003163 -
Piezosternum subulatum 0.1411 £0.1932 19.7562 <0.0001 -
el 0.3484 +0.3784 2.96476 0.09368 )
(-0.2890 + 0.2406) (28.6974) (<0.0001)

Figure 1. Measurements obtained from labium and mesofemur in Asopinae and non-
Asopinae (a) Supputius cincticeps ventral view (b) length of each labial segment (c)
maximum anterior (AN) and posterior (PO) width obtained by labial segments (d)
largest length of mesofemur in dorsal view. I, 11, II, IV = first, second, third and fourth

labial segments respectively.
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Figure 2.Variation of (a) labial length, (b) labial mean width and (c) labial length /
width ratio in relation to mesofemur length among Asopinae (red) and non-Asopinae

(green). Isometry is indicated by dashed black line.
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Figure 4. Phenogram showing the linear morphometric relationships among Asopinae
(red) and non-Asopinae (green), based on Mahalanobis distances. Clustering method
UPGMA.
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Supporting Information

Appendix 1.

Table S1. Comparison of male and female allometric coefficient for the labial length /
width ratio when regressed on the mesofemur length in different species of
Pentatomomorpha and selected outgroup (Pycnoderes sp., Cimicomorpha). Values in
red indicate statistical significance (one-way ANCOVA, a = 0.05).

non-Asopinae Asopinae

Family Genera/Species F D Species F D

Coreidae Anasa varicornis 2.323  0.147 Alcaeorrhynchus 2.479 0.135
grandis
Rhyparochromidae  Cryphula sp. 0.959 0.342 Andrallus spinidens 1.820 0.196
Alydidae Cydamus sp. 0.254  0.620 Apoecilus cynicus 0.044 0.837
Dinidoridae Dinidor mactabilis 1.698 0.210 Arma custos 0.781 0.390
Pyrrochoridae Dysdercus sp. 3.599 0.076 Brontocoris tabidus 0.043 0.840
Geocoridae Geocoris sp. 0.228 0.639 Discocera coccinea 1.037 0.324
Rhopalidae Harmostes sp. 2.827 0.112 Euthyrhynchus 0.185 0.673
floridanus
Acanthosomatidae  Hellica nitida 0.129 0.724 Oplomus catena 4812 0.043
Berytidae Jalysus sp. 0.148 0.706 Perillus bioculatus 1.148 0.299
Largidae Largus sp. 3.908 0.066 Podisus nigrispinus 0.067 0.798
Pentatomidae Nezara viridula 0.009 0.922 Stiretrus anchorago 2392 0.141
(Pentatominae)
Lygaidae Nysius sp. 2.949 0.105 Supputius cincticeps 0.374 0.549
Scutelleridae Pachycoris torridus 1.310 0.269 Tynacantha marginata  0.101  0.753
Cydnidae Pangaeus sp. 2.119 1.65 - - -
Tessaratomidae Piezosternum 0.092 0.765 - - -
subulatum

Miridae Pycnoderes sp. 3.775 0.070 - - -
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Appendix 2.

INGOTETGES Multus

idaevius indecorus

nanilosa

1

H Cytionei obscia
-
I r oleoiichus costatus
=
Mersoone
copons nigita
Orthotylus flavesp

02

I |
0.1 00

Figure S1.Maximum likelihood tree from the RAXML analysis of molecular dataset.
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CONCLUSOES GERAIS

Asopinae geralmente apresentam uma forte tendéncia a ter um Ilabio
relativamente mais robusto a medida que o tamanho do corpo aumenta em comparacao
com a mesma propor¢do de aumento em ndo-Asopinae. A maior variabilidade
morfologica encontra-se em espécies ndo-Asopinae, consideradas fitofagas ou onivoras
em alguns casos excepcionais. Essas espécies possuem maior amplitude quanto ao
comprimento e largura do aparelho bucal, caracteristica provavelmente relacionada a
particularidades em seus principais alimentos, que podem ser de diferentes grupos e
partes de plantas. A maior robustez do labio em Asopinae pode refletir um maior
investimento em energia no aparelho bucal, o que estaria relacionado a especializagao
em alimentacdo devido a seu habito predatério insetivoro generalista, caracteristica

exclusiva dessa subfamilia dentro de Pentatomidae.
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