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O género Rhinoleucophenga Hendel, 1917 (Diptera, Drosophilidae): proposta de
estabelecimento de relacdes evolutivas baseadas em caracteristicas morfoldgicas,

moleculares e ecologia

Resumo: O género Rhinoleucophenga € composto por espécies distribuidas em
ambientes abertos nas regides Neotropical e Neértica, com o bioma Pampa destacando-
se pela riqueza de espécies na América do Sul. A ampla distribuicdo do género e a
caréncia de detalhes em muitas descri¢cdes parecem esconder uma grande diversidade de
espécies. Muitas das espécies conhecidas de Rhinoleucophenga foram descritas na
primeira metade do século XX, tornando-se evidente a necessidade de redescrever as
mesmas nos padrdes atuais, dando maior detalhamento as informagdes morfoldgicas.
Sete espécies foram redescritas e 17 descritas nos atuais padrGes de descricdo de
drosofilideos (Capitulos II, 111, 1V, V). As espécies redescritas foram Rhinoleucophenga
brasiliensis e R. fluminensis, originalmente descritas por Lima (1935), além de R.
personata, R. lopesi, R. angustifrons, R. matogrossensis e R. nigrescens, originalmente
descritas por Malogolowkin (1946); e as novas descricdes para o género foram R.
punctata sp. nov., R. paraguayensis sp. nov., R. ignota sp. nov., R. fusca sp. nov., R.
alata sp. nov., R. paulistorum sp. nov., R. obscura sp. nov., R. fulva sp. nov., R.
maculosa sp. nov., R. nigra sp. nov. R. brasilis sp. nov., R. punctuloides sp. nov., R.
trivisualis sp. nov., R. flava sp. nov., R. grimaldii sp. nov., R. exigua sp. nov. e R.
jacareacanga sp. nov. Descricbes complementares de Rhinoleucophenga obesa
(Capitulo VI), R. joaquina e R. punctulata (Capitulo Il) também foram realizadas,
apontando novos caracteres que facilitam a identificacdo dessas espécies. A revisdo da
morfologia de R. punctulata revelou variagdo na forma da espermateca entre diferentes
populacOes da espécie, oriundas dos biomas Pampa, Cerrado e Caatinga, e também da
regido Amazodnica (Capitulo VII); tal variagdo morfologica foi indicada como
intraespecifica por dados moleculares (COI). Com base em conjuntos de caracteres
morfologicos, relagdes filogenéticas foram propostas para Rhinoleucophenga (Capitulo
VIII). Cinco estratégias de combinagdo e tratamento dos dados morfolégicos foram
exploradas: (A) 58 razdes continuas e 62 caracteres discretos; (B) 104 medidas e 62
caracteres discretos; (C) 58 razdes continuas log-transformadas e 62 caracteres
discretos; (D) 104 medidas log-transformadas e 62 caracteres discretos e (E) somente

0s 62 caracteres discretos. Todas as matrizes foram analisadas no Software TNT, com
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pesagem igual (tratamentos A-E) e com pesagem implicita (K= 6) (tratamentos 4 -E").
Todos os caracteres continuos (razdes e medidas) foram tratados como aditivos e re-
escalonados entre 0-1 para evitar uma pesagem excessiva na transformacéo dos mesmos
— esta € a primeira vez que um grande conjunto de caracteres morfolégicos continuos
ndo é discretizados em estudos filogenéticos com Drosophilidae. Rhinoleucophenga
apresentou-se como um género parafilético em relacdo a Pararhinoleucophenga na
maioria das andlises realizadas; seis agrupamentos monofiléticos de espécies também
foram repetidamente obtidos, principalmente com caracteres discretos associados a
caracteres continuos tratados como razdes e log-transformados (tratamento C). Os
caracteres morfoldgicos continuos, tratados como razdes ou como medidas absolutas,
exercem alta influéncia sobre a topologia das arvores geradas. Da mesma maneira,
foram fundamentais no aprimoramento dos valores de suporte dos principais
agrupamentos de espécies obtidos na filogenia proposta para Rhinoleucophenga. As
arvores geradas com caracteres continuos log-transformados apresentaram melhora nos
valores de suporte médio dos clados, porém, a aplicacdo de pesagem representou maior
influéncia sobre os resultados filogenéticos. Pouco se sabe sobre a ecologia das espécies
de Rhinoleucophenga, especialmente no bioma Pampa. Buscando suprir a lacuna
referente ao conhecimento ecoldgico deste, e outros géneros de Drosophilidae, coletas
de drosofilideos foram realizadas no bioma Pampa durante 12 periodos climaticos,
considerando areas naturais e degradadas dentro deste bioma (Capitulo IX). A
influéncia ambiental sobre a estrutura das assembleias foi temporal e espacialmente
analisada por meio de nMDS, IndVal e PERMANOVA. O tipo de ambiente amostrado
e 0s componentes climaticos juntos explicaram 56,45% da variacdo nas assembleias de
drosofilideos. Ambientes Neotropicais abertos, especialmente o Bioma Pampa, tém
apresentado alta diversidade de espécies de Rhinoleucophenga assim como de
Drosophilidae em geral (Capitulo X). Portanto, a descricdo de novas espécies &
indispensavel para melhorar o conhecimento faunistico dessa regido. Trabalhos
taxondmicos com redescricdes e descricdes de novas espécies sdo ferramentas
importantes para a correta identificacdo da fauna de Drosophilidae, gerando dados mais
precisos referentes a distribuicdo dos taxons, e também novos conjuntos dados para

estudos com enfoque sistematico e evolutivo, como aqui realizado.
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1.1. INTRODUCAO
1.1.1. Surgimento e desenvolvimento da Sistematica

As espécies tendem a se modificar ao longo das geracOes, transmitindo as
“novidades evolutivas” aos seus descendentes, ¢ assim ampliando a diversidade de
maneira ndo-fixista (Wallace 1855; Darwin 1859). Mesmo antes da visdo ndo-fixista de
Wallace e Darwin, a crescente observacdo da diversidade dos seres vivos trouxe a
vontade e a necessidade de nomeé-los e organiza-los em grupos de espécies
semelhantes; nomeou-se esta ciéncia classificatéria de Sistemética, a qual passou por

diversas alteracdes e € o palco de muitas discussdes ao longo do tempo.

A tentativa de classificar os seres vivos em grupos vem desde os filésofos
gregos, Platdo e Aristételes (Nelson & Platnick 1981; Mishler 2009). No principio, 0s
sistematas (naturalistas e filésofos) agrupavam as espécies baseando-se nos seus
conhecimentos, 0 que muitas vezes levava a proposicdo de grupos ndo naturais, ou seja,
baleias e tubarBes ou morcegos e passaros como espécies pertencentes a um mesmo
grupo por serem animais aquaticos ou por possuirem asas, respectivamente (Santos
2008; Schuh & Brower 2009). Além disso, deve-se salientar a auséncia da visdo
evolutiva nestes esquemas de classificacdo, pois, para Aristételes, as espécies eram
eternas e imutaveis, e seus grupos naturais eram estaveis no tempo e no espago (Nelson
& Platnick 1981).

A Sistematica também foi influenciada pelo poder do Cristianismo, tendo como
base as interpretacfes conservacionistas de Platdo e Aristoteles para a proposta da
criagdo divina (Santos 2008; Mishler 2009). A forca das ideias cristds comegou a
diminuir com as observacdes e propostas do naturalista sueco Carolus Linnaeus.
Linnaeus deu o primeiro passo em direcdo a taxonomia moderna, propondo a
padronizacdo da nomenclatura dos seres vivos, elaborando uma extraordinéria
compilacdo de informacdes bioldgicas referente a diversidade dos seres — Systema
naturae, uma das obras mais influentes na Biologia. Porém, apesar de Linnaeus ndo
assumir a imutabilidade das espécies como Aristdteles, nos seus pensamentos nao se

aplicavam propostas transformacionistas das espécies (Schuh & Brower 2009).

A oposicdo as propostas fixistas foi instigada por Erasmus Darwin e por Jean-
Baptiste de Lamarck no final do século XVIII e inicio do século XIX. Mais tarde, as
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ideias evolucionistas ganharam mais forga com as observacGes de Alfred Wallace
(1858) e Charles Darwin (1858, 1859), dando pouco espagco para explicacOes
sobrenaturais da biodiversidade — surgia a Taxonomia Evolutiva, uma visdo da
diversidade das espécies como um processo de descendéncia com modificaces,
havendo relagdo entre os seres extintos e os viventes. Nesse contexto ndo-fixista, o
alemdo Ernst Haeckel foi o criador do termo “filogenia” em 1866, e o precursor na
elaboracdo de arvores filogenéticas baseadas na similaridade entre 0s organismos
(Santos 2008), embora, na sua obra A Origem das espécies, Darwin também tenha
apresentado diagramas ramificados para mostrar o surgimento de variagdes nas
espécies. Atualmente, a relacdo de similaridade entre taxons é apresentada através de
cladogramas, enquanto que as relacdes filogenéticas ancestral-descendente sdo

representadas em arvores filogenéticas (Schuh & Brower 2009).

A Sistematica baseia-se na inferéncia de hipdteses de parentesco entre as
espécies através de estruturas homologas (Mayr 1998). O termo homologia foi utilizado
pela primeira vez em 1843 por Richard Owen, um anatomista inglés que ndo aceitava a
ideia de transformacdo das espécies. Owen considerava homdlogas as estruturas que,
mesmo quando diferentes em sua morfologia, faziam parte de uma mesma entidade no
desenho geral dos corpos, especialmente quando se referia a arquétipos (Lewin 1997).
Algumas décadas mais tarde (1870), Edwin Ray Lankester, um zool6go britanico,
definiu o termo homogenia para a ocorréncia de estruturas similares em espécies com
ancestralidade comum (Wheeler 2012). Baseando-se também em caracteres derivados
compartilhados entre as espécies, Hennig (1950, 1966) propds a definicdo mais
amplamente aplicada de homologia: caracteristicas que podem ou nédo ser semelhantes
(devido a modificacGes sofridas com o passar das geracfes), mas que necessariamente
surgiram em um ancestral comum as espécies, ou seja, atualmente duas estruturas
(morfoldgicas, comportamentais ou moleculares) sdo homologas se suas partes sdo
semelhantes devido a uma origem filogenética comum (Patterson 1982; Titus & Frost
1996). Porem, discussdes acerca de homologia e similaridades entre as espécies
continuam sendo apresentadas em estudos recentes, uma vez que o enfoque comparativo
é fundamental na Sistematica (de Pinna 1991; Mishler 2009; Nixon & Carpenter 2011,
Wheeler 2012).

Por outro lado, apesar dos avangos no pensamento evolutivo-sistematico, ainda

faltava uma boa base metodoldgica a Sistematica, uma vez que a aceitagdo de novas
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propostas baseava-se na autoridade social e intelectual dos seus propositores, ao invés
de um método passivel de repeticdo (Schuh & Brower 2009), assim era comum 0
mesmo grupo de organismos possuir diferentes hipdteses evolutivas, contadas por

diferentes taxonomistas (Lipscomb 1998).

O reforco metodoldgico tentou ser alcancado através de uma nova escola da
Sistematica — a Fenética ou Taxonomia Numérica. Os feneticistas propunham a “super
amostragem” de caracteres para retirar o efeito da subjetividade da autoridade dos
naturalistas classicos. Portanto, nessa escola o0 maior ou menor numero de semelhancas
(caracteres) compartilhadas entre os taxons refletiria seu maior ou menor grau de
parentesco (Schuh & Brower 2009). Mas essas observagbes poderiam gerar
agrupamentos n&o-naturais, em razdo de agrupamentos formados com base em
caracteres ndo herdaveis ou ndo homdlogos. Apesar disso, a escola fenética teve grande
importancia para 0s avan¢os na Sistematica, pela priorizacdo do método em detrimento

da autoridade do pesquisador.

Embora os pesquisadores mencionados anteriormente tenham contribuido
grandemente para o entendimento da evolugdo e classificagdo das espécies, ainda
faltava a Sistemética a definicdo de métodos e termos com maior clareza e enfoque
evolutivo (Nelson & Platinick 1981; Santos 2008). Entdo, um entomdlogo aleméo
chamado Willi Hennig propds a base da Sistematica que praticamos nos dias atuais
(Mishler 2009). Em 1950, Hennig publicou uma obra unindo as propostas dos
taxonomistas classicos com os métodos feneticistas, desenvolvendo novos conceitos e
procedimentos basicos para a reconstrucao da historia evolutiva dos organismos; seria 0
surgimento da Sistematica Filogenética, ou Andlise Cladistica (Schuh & Brower 2009).
Na proposta de Hennig, os organismos seriam agrupados pelo compartilhamento de
caracteres derivados a partir de um ancestral comum, ou seja, pelo compartilhamento de
sinapomorfias (conjunto de estruturas com caracteristicas derivadas), e esta constitui a
principal diferenca entre as propostas dos feneticistas e cladistas. Essa possibilidade de
se contar a historia evolutiva de um grupo de espécies a partir de algumas caracteristicas
herdadas de um ancestral comum, se tornou o0 aspecto mais poderoso do sistema
filogenético (Mishler 2009; Wheeler 2012).

Além da contribuicdo para a definicdo de homologia e sinapomorfia, como

mencionado anteriormente, Hennig (1966) também prop6s o termo plesiomorfia —
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referente a estruturas com caracteristicas primitivas. Assim surgiu a proposicdo de
parentesco entre as espécies a partir da interpretacdo de caracteristicas plesiomorficas e
apomorficas. Dessa forma, grupos formados por organismos compartilhando
apomorfias e ancestralidade comum exclusiva foram chamados de monofiléticos por

Hennig, sendo esta a esséncia da atual Sistematica (Schuh & Brower 2009).

Assim, Hennig revolucionou a Sisteméatica por permitir a construcdo de
hierarquias sem apoiar-se em arbitrariedades e hipoteses ndo-testaveis. Hennig deu peso
cientifico as hipdteses evolutivas das espécies e ainda proporcionou uma nova Vvisao a
classificacdo da diversidade, onde espécies extintas passaram da exuberante condi¢do de
“guardas dos segredos das origens” (ancestral — né nas filogenias) a coadjuvantes da
historia evolutiva de seus grupos (tdxons terminais das filogenias). Em outras palavras,
taxons viventes e extintos estdo sujeitos as mesmas interpretacbes no contexto
filogenético (Schuh & Brower 2009).

No entanto, somente algumas décadas mais tarde as propostas de Hennig
comecaram a ganhar forca (Diniz-Filho 2000). A baixa aceitacdo inicial ocorreu
principalmente em razdo da resisténcia por parte dos taxonomistas evolutivos e
feneticistas (Mayr 1965, 1974; Sneath 1995), mas também pela obra de Hennig de 1950
ter sido traduzida do aleméo para o inglés somente 16 anos mais tarde — Phylogenetic
systematics (Hennig 1966). Desde entdo, uma série de adicdes foram feitas na estrutura
conceitual e metodoldgica inicialmente proposta por Hennig, gerando uma base
metodolégica bem definida e um grande aperfeicoamento no campo da Sistematica,
dando maior confiabilidade ao método filogenético a partir da congruéncia entre as

hipbteses evolutivas propostas por diferentes taxonomistas (Santos & Klassa 2012).

A medida que a sisteméatica filogenética se desenvolvia, a Biologia Molecular
tambeém estava em ascendéncia e ganhava novos adeptos (Coutinho 1998). Os avancos
na Biologia Molecular e a associacdo entre os preceitos evolutivos de Darwin com a
Genetica de Populages, fortaleceram a visdo ndo-fixista das espécies, gerando novas

ferramentas para buscar inferir a histdria evolutiva dos organismos (Wheeler 2012).

Apesar dos avancos na Biologia Molecular e a importante contribuicdo dessa
area para a sistematica filogenética, as informacdes contidas em conjuntos de dados
morfoldgicos continuam muito importantes para estudos filogenéticos, em funcdo da

grande parcela de material depositado em museus que ndo podem ser incluidos em
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trabalhos moleculares. Mesmo em téxons altamente diversos como Drosophilidae, ha
muitas espécies que nao sdo facilmente encontradas na natureza (Markow & O’Grady
2006), sendo difilmente consideradas em estudos inteiramente voltados a Biologia
Molecular. Além disso, Remsen & O’Grady (2002) salientam que dados morfologicos
contém informagdes que muitos blocos de dados moleculares néo apresentam, e por isso
devem ser mantidos nas analises. Porém, Wiens (2000) destaca que a questdo central
deve ser o critério de escolha de cada caracter morfolégico, uma vez que a arvore
filogenética é apenas uma representacdo grafica da matriz de caracteres (Farris 1983; de
Pinna 1991; Wiens 2000; Sereno 2007).

Mesmo com 0s avangos na Sistematica, lacunas no conhecimento evolutivo séo
encontradas até mesmo em taxons bem estudados, como Drosophilidae. Embora tenham
sido desenvolvidos muitos estudos abrangentes com Drosophilidae (Throckmorton
1975; Grimaldi 1990; Van der Linde et al. 2010; Yassin 2013), ainda ha resultados
contraditérios ou apenas parcialmente coerentes (Kwiatowski & Ayala 1999; Béachli et
al. 2004). As hipdteses evolutivas de um taxon tendem a se alterar & medida que novas
informacdes sdo adicionadas a tal tdxon, por exemplo, a descricdo de novas espécies
para um género; ou ainda a medida que diferentes interpretacdes ou tratamentos sao
impostos aos dados (de Pinna 1991; Santos & Klassa 2012). Atualmente, existem
diversas metodologias que podem gerar diferentes resultados dentro do mesmo conjunto
de dados (Farris 1983; DeSalle 2006; Giribet 2007; Koch et al. 2015). Algoritmos
heuristicos, mais simples e mais rapidos, podem ser tdo ou mais eficientes do que
algoritmos mais complexos (Russo et al. 1996; Takahashi & Nei 2000; Criscuolo &
Gascuel 2008). Assim, as hipdteses evolutivas tendem a flutuar juntamente com o
conhecimento referente a diversidade dos organismos (Amorim 1997; Schuh & Brower
2009). Porém, cabe salientar que uma nova hipétese evolutiva ndo necessariamente
invalida hipoteses prévias (Santos & Klassa 2012). Como toda ciéncia, a classificacdo

dos organismos estd em constante alteracdo (Mishler 2009).

O papel da sistemética filogenética, portanto, alem de realizar o trabalho
tradicional da taxonomia, de descrever a diversidade bioldgica, também é de organizar o
conhecimento sobre essa diversidade com base nas relacbes de parentesco entre 0s
grupos. Isso implica considerar o conhecimento da evolucdo das caracteristicas
morfoldgicas, comportamentais, ecoldgicas, fisiologicas, citogenéticas e moleculares

dos taxons. Dessa forma, a sistematica e seus métodos de inferéncia passaram a se
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associar a varias outras disciplinas como Zoologia, Boténica, Ecologia e Genética, além
de fundamentar a interpretagcéo dos processos evolutivos (de Pinna 1991; Mishler 2009;
Santos & Klassa 2012).

A observacdo da diversidade e da interacdo dos organismos com 0 meio
ambiente levou os fildsofos, naturalistas, estudiosos e cientistas a comparacdo das
diferentes formas de vida, emergindo assim a percepg¢do da evolucdo dos seres Vivos.
Desse modo, quaisquer espécies poderiam ser reunidas em um grupo, baseando-se em
diferentes atributos. Posteriormente, apenas grupos que refletem monofilia passaram a
ser evolutivamente informativos e validos para a ciéncia. Sendo assim, a busca pela
classificacdo dos seres vivos passou por Aristoteles, Linnaeus, Lamarck, Wallace,
Darwin, Cuvier, Geoffroy, Simpson, Hennig, Patterson, entre outros tantos

pesquisadores, durante séculos, e continua até hoje.

1.1.2. A familia Drosophilidae

Segundo Throckmorton (1975), a familia Drosophilidae teve sua origem na
regido tropical, ha cerca de 50 milhdes de anos, migrando posteriormente as demais
regibes. Atualmente, drosofilideos sdo encontrados ao longo de todo o globo, com

excecao das regides polares (Béachli 2015).

Drosophilidae conta com aproximadamente 4.300 espécies descritas (Béachli
2015). Este nimero sO6 tende a aumentar, uma vez que estimativas da fauna
desconhecida se baseiam nas taxas de novas descricdes (Wilson 1999). E no que se
refere especificamente a Drosophilidae, no ano de 2006, de acordo com o0s dados
apresentados por Schmitz et al. (2007), haviam cerca de 3.800 espécies de drosofilideos
descritas; em 2010 esse numero passou para cerca de 4.000 espécies (Mata et al. 2010);
e atualmente existem aproximadamente 4.300 espeécies descritas (Béchli 2015). Ou seja,
nos Ultimos nove anos o numero de drosofilideos descritos aumentou em
aproximadamente 56 espécies por ano — durante o desenvolvimento desta Tese foram
descritas 17 novas espécies de Rhinoleucophenga, cerca de 1/3 da expectativa de novas

descricdes para Drosophilidae em um ano.

Apesar de os drosofilideos serem popularmente conhecidos como “moscas das

frutas”, a vasta maioria das moscas desta familia ndo se alimenta dos frutos, mas sim
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das leveduras que crescem na matéria organica em decomposicao (Carson 1971). Além
disso, essa familia se caracteriza por uma grande versatilidade ecoldgica, apresentando
sitios alimentares muito mais amplos, com registros de espécies em flores (revisdes em
Schmitz & Hofmann 2005; Schmitz et al. 2009), guano de morcego (Tosi et al. 1990),
cladddios de cactos (Carson 1971; Mizuguchi 1978; Vilela et al. 1983), carcagas de
insetos e carne (Lachaise & Tsacas 1983), fluxos de seiva e material vegetal em
decomposicdo (Carson 1971), podendo ainda exibir comportamento predatorio (Lima
1935, 1950; Méca & Otranto 2014), comensal (de caranguejos, aranhas, abelhas),
parasitario (de lagartas de lepidopteros) e até de canibalismo no caso de larvas que se
encontram em um recurso super povoado (Carson 1971; Ashburner 1981; Lachaise &
Tsacas 1983).

Devido a essa grande diversidade morfoldgica e ecoldgica, muitos estudos com
enfoque evolutivo ja foram desenvolvidos com drosofilideos, principalmente em relacédo
ao género Drosophila, e com dados moleculares (DeSalle 1992; Russo et al. 1995;
Markow & O’Grady 2006; Da Lage et al. 2007; O’Grady & Markow 2009; Robe et al.
2010). S&o poucos, entretanto, os estudos evolutivos de Drosophilidae baseados em
analises de dados morfoldgicos: Throckmorton (1975), Grimaldi (1988), Okada (1989),
Grimaldi (1990) e Sidorenko (2002) — 0os mesmos serdo comentados mais adiante. Essa
discrepancia entre o numero de estudos com dados moleculares e morfoldgicos pode ser
justificada por diversos fatores, entre eles: (i) por Drosophila ser, historicamente, um
organismo modelo em Genética, e esta area estar fortemente ligada aos avangos da
Biologia Molecular; (ii) falta de investimento financeiro a estudos na éarea de
Taxonomia; (iii) falta de valorizagdo cientifica, uma vez que trabalhos taxonémicos
dificilmente s&o aceitos em periodicos cientificos com alto fator de impacto. Tudo isso
desestimula os profissionais a atuarem nesta area, refletindo no baixo nimero de

pesquisadores “morfologistas-taxonomistas”.

Segundo diversos autores (DeSalle & Grimaldi 1992; O’Grady et al. 1998;
O’Grady 1999; Remsen & O’Grady 2002; Yassin 2013), existe uma grande caréncia de
estudos evolutivos de Drosophilidae envolvendo dados morfologicos junto de dados
moleculares. Os mesmos autores ainda destacam que estas duas classes de dados sdo
complementares, e que juntos 0s mesmos sdo capazes, muitas vezes, de revelar relagdes

previamente obscuras. Da mesma maneira, estudos considerando outros géneros, alem
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de Drosophila, ainda sdo necessarios para a melhor compreenséao da evolucdo da familia
Drosophilidae (Yassin 2013).

Apesar do interesse em Drosophila estar particularmente focado para pesquisas
em Genética e Evolucdo, alguns trabalhos classicos nao relacionados a estas areas foram
desenvolvidos no Brasil nas décadas de 1940 e 1950 a fim de melhor caracterizar a
diversidade de drosofilideos na regido. Nesta sentido, Dobzhansky & Pavan (1943),
Freire-Maia & Pavan (1949), Dobzhansky & Pavan (1950), Frota-Pessoa (1954) e
Pavan (1959) incluem descricdes de um grande numero de espécies, grandes
levantamentos taxonémicos, chaves de identificacdo e diversas abordagens ecoldgicas.
Porém, estudos com enfoque ecoldgico se intensificaram significativamente algumas
décadas mais tarde, com estudos em areas de Mata Atlantica (Medeiros & Klaczko
2004; De Toni et al. 2007; Gottschalk et al. 2007; Doge et al. 2008), Cerrado (Tidon et
al. 2003; Mateus et al. 2006; Tidon 2006; Mata et al. 2008, 2010), Manguezal (Schmitz
et al. 2007, 2010), Caatinga (Mizuguchi 1978; Tidon-Sklorz & Sene 1995), Pantanal
(Val & Marques 1996), Amazobnia (Martins 1987, 1995, 2001), Mata de Araucéria
(Saavedra et al. 1995, Cavasini et al. 2014), Restinga (Bizzo & Sene 1982; Bizzo et al.
2010) e, mais recentemente, no bioma Pampa ainda mais recentemente (Costa et al.
2003; Silva et al. 2005; Garcia et al. 2012; Poppe et al. 2012, 2013, 2014, 2015a,
2015b).

Por outro lado, apesar dos esforgcos dos pesquisadores brasileiros para amostrar e
descrever a diversidade de drosofilideos, mesmo em biomas bem estudados, como a
Mata Atlantica, ainda had muitas espécies para serem descritas (Medeiros & Klaczko
2004). Além disso, ainda existem muitas regides no territério nacional cuja diversidade
de drosofilideos é praticamente desconhecida (Gottschalk et al. 2008). Inevitavelmente,
com o estado de degradacdo de alguns biomas, muita informacéo ja se perdeu com a
devastacdo de ambientes e a extingdo de espécies (Klink & Machado 2005; MMA 2007;
Paes & Dias 2008). Amplas areas endémicas estdo sumindo tdo depressa que 0S
pesquisadores ndo tém mais a oportunidade de estuda-las satisfatoriamente (D0oge et al.
2004; Blauth & Gottschalk 2007; Paes & Dias 2008; Poppe et al. 2014).

O aumento no numero de estudos com enfoque ecologico revelou os
drosofilideos como bons bioindicadores ambientais, ajudando no monitoramento de

areas degradadas. Mata et al. (2008) reforcaram a importancia ecologica de
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drosofilideos como organismos bioindicadores, em fungéo da Taxonomia bem definida,
Genética e ciclo de vida bem conhecidos, facil amostragem, grande abundancia e
distribuicdo na natureza, facil estocagem e cultivo em laboratorio, além do baixo custo
para as pesquisas. Essa importante caracteristica bioindicadora ja foi aplicada por
muitos pesquisadores tanto em ambientes naturais (Tidon-Sklorz & Sene 1999; Martins
2001; Tidon et al. 2003; Mata et al. 2008) quanto em ambientes urbanos (Lucchese et
al. 2002; Gottschalk et al. 2007).

Além de indicadores de alteracdo ambiental (espacial), os drosofilideos também
sdo bastante sensiveis a variacdo sazonal (temporal), com muitos estudos apontando
para a preferéncia sazonal de algumas espécies (Doge et al. 2003; Silva et al. 2005;
Tidon 2006; Torres & Madi-Ravazzi 2006; De Toni et al. 2007; Penariol 2007;
Gottschalk et al. 2009; Bizzo et al. 2010; Schmitz et al. 2007, 2010; Poppe et al. 2013,
2015a) e também associando essas preferéncias a fatores genéticos (Partridge 1988;
Hoffmann & Harshman 1999; Brisson et al. 2005; Kellermann et al. 2009; Zivanovic &
Mestres 2011). Isso tudo reforca a importancia cientifica de Drosophilidae, como
ferramenta ecoldgica, dentro do crescente cenario de alteracdo ambiental e climatica do

planeta Terra.

Apesar de Drosophilidae ser um grupo de organismos amplamente estudado,
ainda existem varios aspectos bioldgicos para se conhecer sobre esta familia,
especialmente em ambientes pouco explorados, como o bioma Pampa, e em relacdo a
outros géneros além de Drosophila, como o género Rhinoleucophenga, pertencente a

subfamilia Steganinae.

1.1.3. Subfamilia Steganinae Duda

Drosophilidae divide-se em duas subfamilias: Drosophilinae e Steganinae.
Alguns autores mencionam Steganinae como basalmente divergente em relacdo a
Drosophilinae (Grimaldi 1988; Bé&chli et al. 2004; Markow & O’Grady 2006). Van der
Linde et al. (2010) mencionam que Steganinae seria parafilético em relacdo a
Drosophilinae, porém, 0os mesmos autores chamam a atencao para o reduzido numero de

estudos envolvendo espécies de ambas as subfamilias.
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Steganinae € composta por cerca de 500 espécies descritas em 28 géneros
(Markow & O’Grady 2006; Béachli 2015), dentre os quais Stegana Meigen é 0 género
tipo da subfamilia. Segundo Béchli et al. (2004), as moscas dessa subfamilia
apresentam os seguintes caracteres diagndésticos: de 2.0-8.0 mm de comprimento; aristas
com ramos micropubescentes a longos; cerdas orbitais de tamanhos muito préximos;
cerda orbital posterior reclinada normalmente mais proxima da cerda mediana vertical
do que orbital proclinada; cerdas pre-escutelares longas; duas cerdas esternopleurais de
tamanhos préximos; veia costal normalmente terminando na veia Rg.s; epandrio e
surstilo completamente fusionados, ou pelo menos fusionados por uma membrana;
fémeas com ovipositor dificilmente esclerotinizado e cercos presentes. Grimaldi (1990)
ainda menciona a presenca de apddemas tentoriais dorsolaterais paralelos e a auséncia
do VII par de espiraculos nos machos. Porém, os mesmos autores mencionam que este
conjunto de caracteristicas pode ndo ser comum a todos os membros da subfamilia e

nem mesmo exclusivo da mesma.

O numero de estudos envolvendo Steganinae ainda é reduzido se comparado
com Drosophilinae (Markow & O’ Grady 2006; Otranto et al. 2008), em funcao,
principalmente, da grande diversidade de Drosophila na maioria dos ambientes e da sua
aplicabilidade em todas as areas da Biologia. Considerando apenas a subfamilia
Steganinae, 0s dois estudos evolutivos mais abrangentes sdo de Sidorenko (2002) e
Otranto et al. (2008). Sidorenko (2002) analisou 34 espécies de nove géneros (ndo
incluiu Rhinoleucophenga) e 78 caracteres discretizados, propondo as tribos Steganini e
Gitonini. O autor desenvolveu uma analise de parcimdnia com pesos iguais e, com a
ordenacdo de alguns caracteres. Porém, alguns caracteres apresentam certa ambiguidade
na sua elaboracdo, por exemplo, no caracter #10 o autor menciona juntamente
comprimento da arista e nimero de ramos na estrutura. Otranto et al. (2008) analisaram
sequéncias de Citocromo oxidase | (COI) para 13 espécies pertencentes a oito géneros,

sendo que, o género Rhinoleucophenga tambeém ndo foi incluido neste estudo.

Na regido Neotropical, historicamente, existem poucos estudos relacionados as
especies de Steganinae (Lima 1935, 1937, 1950; Malogolowkin 1946; Jiménez et al.
1993), provavelmente, devido a baixa abundancia das espécies desta subfamilia em
armadilhas com isca de banana fermentada, principal recurso utilizados em coletas de
drosofilideos (Gofii et al. 2002; Medeiros & Klaczco 2004; Tidon 2006; Schmitz et al.
2007; De Toni et al. 2007; Gottschalk et al. 2009; Bizzo et al. 2010; Poppe et al. 2014).
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Outro fator limitante mencionado por alguns especialistas seria a grande dificuldade de
identificacdo das espécies de Steganinae, pois alguns géneros apresentam espécies
cripticas com terminalias altamente complexas (D. Grimaldi e M.S. Gottschalk,

comunicacéo pessoal).

Apesar disso, no Brasil, alguns géneros da subfamilia como Leucophenga,
Amiota e Rhinoleucophenga, tém sido encontrados em estudos de levantamento de
fauna utilizando iscas de banana (Blauth & Gottschalk 2007; Roque & Tidon 2008,
2013; Mata et al. 2008; Hochmuller et al. 2010; Roque et al. 2013; Poppe et al. 2012,
2014). Poppe et al. (2014) encontraram uma grande diversidade de Rhinoleucophenga
no bioma Pampa unicamente através de coletas com iscas de banana, desencadeando o
desenvolvimento de outros estudos envolvendo o género (Poppe et al. 2015b) e,
inclusive, a presente Tese. Ainda assim, a escassez de estudos com Steganinae na regiao
Neotropical contrasta com a ampla variedade de estudos taxonémicos, ecoldgicos e
evolutivos envolvendo a subfamilia (em especial os géneros Leucophenga, Amiota,
Stegana, Phortica) realizados na regido Asiatica (Chen & Toda 2001; Maca 2003; Chen
et al. 2004, 2005a, 2005b; Otranto et al. 2006a, 2006b; Cheng et al. 2008, 2009; Prigent
& Chen 2008; Cao & Chen 2009; Lu et al. 2011; Cao et al. 2008, 2011; Wang et al.
2011; Zhang et al. 2012; Li et al. 2013; Shao et al. 2014; Gao 2014; Huang et al. 2013,
2014; Zhang & Chen 2015).

1.1.4. Rhinoleucophenga Hendel

Rhinoleucophenga é um dos 77 géneros, além de Drosophila, que compdem
Drosophilidae, estabelecido por Hendel em 1917 com base na descri¢do de R. pallida,
coletada no Peru. Este género pertence a subfamilia Steganinae e é composto
atualmente por 29 espécies descritas (Poppe et al. 2015b; Vidal & Vilela 2015),
distribuidas nas regides Neotropical e Neartica. Esse limite distribucional tornou-se
fator determinante para a diferenciacdo entre Rhinoleucophenga e Gitona. Brake &
Bachli (2008) transferiram cinco espécies de Gitona (G. bivisualis (Patterson), G.
americana (Patterson), G. fluminensis (Lima), G. brasiliensis (Lima) e G. sonoita
(Wheeler)) para Rhinoleucophenga por serem as tnicas com registros no Novo Mundo;
enquanto as demais espécies de Gitona apresentam registros de ocorréncia na Africa,
Europa, Asia e Australia (Méaca 1988; Bachli 2015).
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A maioria das espécies de Rhinoleucophenga foi descrita na primeira metade do
século XX (Duda 1927, 1929; Lima 1935, 1950; Malogolowkin 1946). Porém,
recentemente, muito se tem investido na descricdo de novas espécies (Junges &
Gottschalk 2014; Poppe et al. 2014, 2015b; Vidal & Vilela 2015) e em revisdes de
descricdes antigas (Vilela 1990; Vilela & Béchli 2009). A contribuicdo dos trabalhos de
Malogolowkin (1946) e Lima (1935, 1937, 1950) foi muito importante para o
conhecimento faunistico e comportamental de Rhinoleucophenga na regido Neotropical,
especialmente no Brasil. Porém, a caréncia de informacdes morfoldgicas detalhadas nas
descricdes, associado ao “Massacre de Manguinhos” — quando uma parcela do material
das séries tipo se perdeu (Costa et al. 2008), tornou a redescricdo dessas espécies
fundamental para a viabilidade de estudos futuros. Deste modo, essa Tese apresenta, em
seus capitulos II, 111, 1V, V e VI, descricdes e redescricdes detalhadas de espécies de
Rhinoleucophenga sob uma metodologia taxondmica e de analise morfoldgica
atualizada, buscando o refinamento da definicdo das caracteristicas morfoldgicas de
algumas espécies e, a0 mesmo tempo, visando minimizar os erros de identificacdo e a

geracdo de dados espurios quanto a distribuicdo das mesmas.

Embora existam alguns poucos registros de Rhinoleucophenga em areas de mata
(De Toni et al. 2007; Hochmdiller et al. 2010; Poppe et al. 2015a), este género parece
ter preferéncia por ambientes abertos. Recentemente Poppe et al. (2014, 2015b)
destacaram a alta diversidade de Rhinoleucophenga no bioma Pampa, assim como em
ambientes de Caatinga (G.F. Oliveira, comunicacdo pessoal; Poppe et al. 2015b),
Cerrado (Blauth & Gottschalk 2007; Gottschalk et al. 2007; Mata et al. 2008; Roque &
Tidon 2008, 2013; Roque et al. 2013), Restinga (Schmitz et al. 2009) e ainda diversos
registros em &reas abertas entre as latitudes 37°N (Texas, Estados Unidos) (Malloch &
McAtee 1924; Vilela 1990) e 34°S (Argentina) (Thomson 1869; Vilela 1990).

Mesmo com o crescente nimero de novos registros e descrigdes de espécies nos
ultimos anos (Culik & Ventura 2009; Schmitz et al. 2009; Junges & Gottschalk 2014;
Poppe et al. 2014, 2015b), a ecologia de Rhinoleucophenga ainda é pouco conhecida. O
pouco que se sabe é referente a larvas parasitando os coccideos Dysmicoccus brevipes
(Cockerell) (Culik & Ventura 2009), Orthezia praelonga Douglas e Aclerda
campinensis Hempel (Lima 1935, 1950), predando formigas (Vidal & Vilela 2015),

associadas a outros coccideos (Ashburner 1981; D. Grimaldi, comunicacdo pessoal) e
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um unico registro de Rhinoleucophenga em flores de Dyckia encholirioides
(Bromeliaceae) (Schmitz et al. 2009).

Quanto a distribuicdo, Rhinoleucophenga obesa parece ser a espécie mais
amplamente distribuida do género, com registros desde os Estados Unidos (Patterson
1943; Throckmorton 1962; Grimaldi 1990) até o Sul do Brasil (Hochmuller et al. 2010).
Porém, ainda existem muitas duvidas acerca da identidade dessa espécie (Hsu 1949;
Wheeler 1952; Wheeler & Takada 1971; Vilela 1990; Poppe et al. 2015b) e,
consequentemente, em relacdo aos seus limites distribucionais. Alguns autores
comentam a possibilidade de que sob o nome de R. obesa (Loew), exista um grupo
criptico de espécies, incluindo R. gigantea (Thomson) (Vilela 1990). Na presente Tese,
damos um importante passo em direcdo a elucidacdo desse caso, redescrevendo 0s
espécimes de R. obesa identificados por Malogolowkin (1946) e Lima (1935) e
comparando-o0s com espécimes de diversas localidades, apresentando semelhancas entre
0s mesmos e diferencas marcantes destes com relacdo a R. gigantea redescrita por
Vilela (1990) — para mais detalhes ver o capitulo VI. Apesar disso, para contribuir ainda
mais para a questdo taxonémica de R. obesa, € necessario observar espécimes coletados
na regido Neartica, e também o hol6tipo que provavelmente esta depositado na Colecao
Entomoldgica do Museu de Zoologia Comparada da Universidade de Harvard (Vilela
1990).

Outra espécie com registros de ampla distribuicdo € Rhinoleucophenga
punctulata Duda. Recentemente, Poppe et al. (2015b) descreveram R. punctuloides,
espécie criptica com R. punctulata e com registros nos biomas Pampa e Cerrado, o que
levantou suspeitas em relagdo a identidade de R. punctulata, que € frequentemente
mencionada em listas de inventariamentos na regido Neotropical (Roque & Tidon 2008;
Vilela & Bé&chli 2009; Roque & Tidon 2013; Poppe et al. 2014; G.F. Oliveira,
comunicagdo pessoal). Baseados no edeago dos machos e nos ramos das aristas das
fémeas, Poppe e colaboradores confirmaram a identidade de R. punctulata ao longo do
territorio brasileiro. Ap6s a analise de espermatecas das fémeas, 0S mesmos
pesquisadores perceberam uma variagdo na morfologia dessas estruturas, possivelmente
relacionada com fatores ambientais aos quais as populacfes estavam expostas. Com o
auxilio de dados moleculares, foi verificada uma variagdo intraespecifica entre as
populacdes, com o Nordeste brasileiro sendo provavelmente o centro de origem da

especie, tal como apresentado no capitulo VII desta Tese. Além disso, existe uma
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suspeita de que R. bivisualis (Patterson) tenha sido erroneamente mencionada em
algumas localidades em funcdo da sua semelhanca com R. punctulata (Vilela 1990;
Poppe et al. 2015b).

Através de novas descricdes e também de revisbes tanto de descri¢bes antigas
quanto de dados de ocorréncia de espécies, as questdes taxondmicas de
Rhinoleucophenga tendem a ser melhor esclarecidas. Além disso, uma base taxondémica
mais solida deve fornecer suporte a estudos de carater evolutivo e ecoldgico que levem

a melhor compreensdo do género como um todo.

1.1.5. Relagtes filogenéticas de Rhinoleucophenga

Inicialmente, a sistemética de Drosophilidae foi objeto de estudo de apenas
alguns dipterologistas, mas passou a receber forte interesse ap0s este taxon se tornar
organismo modelo de estudos genéticos, especialmente com Sturtevant (1921, 1942),
que considerou caracteres morfologicos e citogenéticos em suas inferéncias. Os
principais estudos filogenéticos baseados em caracteres morfolégicos de espécies da
familia Drosophilidae sdo: Throckmorton (1975), Okada (1989), Grimaldi (1990) e

Sidorenko (2002), mas o ultimo ndo incluiu espécies de Rhinoleucophenga.

Throckmorton (1975) considerou um grande conjunto de caracteres de
morfologia externa e interna dos drosofilideos. Porém, os principais resultados do
estudo sdo em relacdo a Drosophila. Okada (1989) fez a proposicdo de subtribos para
Drosophilidae, com base em 14 caracteres discretos binarios para 62 géneros. Prop6s
Rhinoleucophenga em Leucophengini. Porém, ndo menciona as espécies que
representam cada género (incluindo Rhinoleucophenga) e também ndo apresenta um
detalhamento metodologico das anélises. Grimaldi (1990) analisou filogeneticamente a
familia Drosophilidae com base em 217 caracteres morfoldgicos discretizados e 120
espécies, incluindo Rhinoleucophenga obesa e R. pallida. Propds as tribos Steganini e
Gitonini, incluindo Rhinoleucophenga nesta Ultima. Mas Grimaldi (1990) nédo
especificou alguns pardmetros das suas analises, como o numero de réplicas, iteracdes e
0 numero total de arvores geradas, assim como alguns detalhes de pesagem. Apesar
disso, este é o trabalho sisteméatico de maior abrangéncia de dados morfoldgicos para
Drosophilidae.
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Além desses trabalhos, Grimaldi (1988), em uma analise biogeografica de
alguns grupos de Drosophilidae, propds uma pequena filogenia baseada em 18
caracteres morfologicos de individuos adultos e sete caracteres de larvas, todos
discretizados. Rhinoleucophanga obesa, R. pallida e R. sp., foram consideradas neste
estudo. O clado de Rhinoleucophenga foi suportado pela presenca de mais de dois pares
de cerdas pré-escutelares bem desenvolvidas e fronte altamente pilosa, jA o
comportamento predatério das larvas foi apontado como homoplasico em Steganinae.
Porém, a matriz de caracteres e 0s parametros de andlise para a elaboracdo da arvore

nédo foram apresentados pelo autor.

Posteriormente, outros poucos estudos filogenéticos, com dados moleculares,
consideraram Rhinoleucophenga. Remsen & O’Grady (2002) incluiram R. obesa em
uma analise de sequéncias de trés genes nucleares, dois mitocondriais e alguns
caracteres morfoldgicos de Grimaldi (1990). Van der Linde et al. (2010), com R. obesa
e R. bivisualis, desempenharam o maior esforco amostral com dados moleculares,
analisando sequéncias de nove genes nucleares e quatro mitocondriais. E, finalmente,
Yassin (2013), com R. obesa, R. subradiata Duda e R. bivisualis, analisou sete genes
nucleares e um mitocondrial. Além disso, este autor plotou caracteres de genitalia dos
machos de algumas espécies sobre as arvores de dados moleculares. E importante
mencionar que nos trés estudos os dados ndo foram igualmente levantados para todas as
espécies, principalmente com relacdo a Rhinoleucophenga que teve muita informacéo

faltante.

Destaca-se aqui o fato de que a diversidade morfoldgica de Rhinoleucophenga é
muito ampla, com espécies de 2.0 mm até 7.0 mm, de coloracdo amarelo até preto.
Assim, R. obesa, principal representante do género nos trabalhos mencionados
anteriormente, ndo seria capaz de representar significativamente o género como um
todo. Esse pode ser o motivo para o diferente posicionamento de Rhinoleucophenga nas
tribos propostas por Okada (1989) e Grimaldi (1990). Neste sentido, embora 0s géneros
Gitona e Rhinoleucophenga tenham sido apresentados como irmdos por Grimaldi
(1990) e Remsen & O’Grady (2002), as relagdes filogenéticas entre as espécies que
compdem a tribo Gitonini e até mesmo a exata relacdo entre Gitona e
Rhinoleucophenga ainda sdo consideradas obscuras (Otranto et al. 2008; Yassin 2013).

Portanto, de modo geral, pouco se sabe a respeito das relacdes evolutivas de
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Rhinoleucophenga com outros géneros de Drosophilidae; e praticamente nada se sabe

quanto as relagdes entre as espécies deste género.

Logo, € visivel a necessidade de estudos envolvendo Rhinoleucophenga, tanto
para a geracdo de uma primeira proposta evolutiva para 0 género, como para a
proposicdo de uma hipotese mais consistente quanto a seu posicionamento dentro de
Drosophilidae. Para isso é fundamental a utilizacdo de dados morfol6gicos, pois a
maioria das espécies de Rhinoleucophenga € pouco abundante, e/ou representadas por
somente alguns individuos em cole¢des entomoldgicas. Talvez esse seja o principal
motivo da utilizacdo predominante de R. obesa em estudos filogenéticos: além de seu
tamanho avantajado (5-6 mm), esta espécie é, normalmente, mais abundante do que as
demais espécies do género em estudos de levantamento de fauna. Por outro lado, como
mencionado anteriormente, existem alguns problemas taxonémicos em relacdo a esta

espeécie.

Este enfoque evolutivo ganha ainda mais importancia quando lembramos que a
Sistematica Filogenética fornece subsidios para a andlise, interpretacdo e resolucdo de
uma série de indagacdes caracteristicas da Biologia (Powell & DeSalle 1995; Futuyma
1997; Grimaldi & Engel 2005). Assim, o conhecimento das relagdes evolutivas de
Rhinoleucophenga dentro da subfamilia Steganinae € importante ndo apenas para
estimar a origem deste taxon e propor sua historia evolutiva, mas também para melhorar

a compreensao da evolucgéo de Drosophilidae como um todo.

Uma vez que o Brasil apresenta 3 dos registros das espécies de
Rhinoleucophenga descritas no mundo e o bioma Pampa revelou-se bastante rico em
espécies deste género (Poppe et al. 2014, 2015b), a investigacdo das assembleias de

Drosophilidae neste bioma tornou-se particularmente relevante.

1.1.6. O Pampa

O bioma Pampa apresenta condigdes ideais para o desenvolvimento de estudos
ecologicos, devido a sua heterogeneidade ambiental e climéatica. As temperaturas
oscilam de valores negativos no inverno, até mais de 36°C no verao, e estas encontram-

se associadas a diferentes fitofisionomias campestres entremeadas por manchas de mata
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de florestas Estacional Decidual e Ombrofila Densa (MMA 2007; Boldrini et al. 2010;
Poppe et al. 2013, 2014, 2015a).

Este bioma tem sofrido grande perda de biodiversidade e de héabitats devido ao
acelerado processo de expansdo agricola iniciado nos anos 1970, e agravado
recentemente pelos planos para conversdo de extensas areas de campos em
monoculturas florestais, de acordo com o Censo Agropecuario (MMA 2007). De fato,
muitas vezes, restam apenas pequenos fragmentos de Pampa em uma paisagem
predominantemente agricola (Risser 1997; Porto 2002; Bencke 2003). Em geral, apenas
11,7% do Pampa permanecem sem nenhum tipo de influéncia antrépica no Rio Grande
do Sul (PROBIO 2007). Por esses motivos, este bioma vem recebendo atencgdo especial
do Ministério do Meio Ambiente, com propostas de &reas prioritarias para a
conservacao da biodiversidade (Hasenack 2007) e para o desenvolvimento de praticas
de inventariamento da fauna (MMA 2007). Por outro lado, apesar do bioma Pampa se
estender por aproximadamente 63% do territério gaicho (MMA 2007), o Cddigo
Estadual do Meio Ambiente (instituido pela Lei 11.520/ 2000) do estado do Rio Grande
do Sul ndo menciona em nenhum trecho do seu texto a palavra “pampa”, tristemente

evidenciando o descaso das autoridades com este bioma.

Embora o estado do Rio Grande do Sul seja um dos mais bem estudados do
Brasil em relacdo a fauna de drosofilideos, grande parte dos estudos concentra-se em
localidades pertencentes ao bioma Mata Atlantica (Petersen 1960; Franck & Valente
1985; entre outros), enquanto que o Pampa tem sido grandemente negligenciado, sendo
um dos mais inexplorados do Brasil, como notado por Gottschalk et al. (2008). Apenas
recentemente, a regido noroeste do Rio Grande do Sul tem sido melhor estudada em
relacdo a fauna de Drosophilidae por Poppe et al. (2012, 2013, 2014, 2015a, 2015b).
Em relacdo ao género Rhinoleucophenga, Poppe et al. (2014, 2015a) coletaram dez
espécies em uma area natural de Pampa, descrevendo cinco dessas como novas

espécies, e ampliando os pontos de ocorréncia de outras.

Outro fator que salienta a importancia da realizacdo de inventarios nesse bioma é
a pouca representatividade dos Campos Sulinos no Sistema de Unidades de
Conservacao, de modo que apenas 2,58% da area total de campos naturais ainda
existentes no Estado do Rio Grande do Sul encontram-se protegidos por UCs, sendo

insuficiente para a protecdo do patriménio ecolégico e genético do Pampa (Brandéo et
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al. 2007). Assim, inventarios da fauna e da flora podem desempenhar um papel
importante na proposta de ampliacdo das areas de preservacao deste bioma.
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1.2. Objetivos

1.2.1. Objetivo geral

Ampliar as informacdes referentes a diversidade das assembleias de
Rhinoleucophenga na regido Neotropical. A partir disso, testar a hipdtese de monofilia
de Rhinoleucophenga com base principalmente em dados morfologicos, expandindo o
conhecimento quanto as relacfes filogenéticas entre as espécies deste género, e destas

com espécies de outros géneros de Steganinae.

1.2.2. Objetivos especificos

1. Descrever novas especies pertencentes ao género Rhinoleucophenga
(Capitulos 11, 111, IV e V);

2. Contribuir para a elucidacéo de problemas taxonémicos referentes a caréncia
de detalhamento em descri¢cBes antigas de espécies de Rhinoleucophenga,
através de redescri¢des (Capitulos 11, 1V e VI);

3. Verificar a variabilidade de caracteres morfol6gicos e moleculares entre
populacdes de Rhinoleucophenga punctulata Duda de diferentes localidades

na regido Neotropical (Capitulo VII);

4. Testar a monofilia do género Rhinoleucophenga com base em caracteres
morfoldgicos, propondo uma primeira hipOtese evolutiva referente as

relacdes filogenéticas entre as espécies do género (Capitulo VIII);

5. Investigar a influéncia de caracteres morfoldgicos continuos sob diferentes
tratamentos metodologicos para a proposicdo de hipoteses filogenéticas para
Rhinoleucophenga (Capitulo VII1);

6. Investigar a flutuacdo da estrutura das assembleias de Drosophilidae através
da interacdo das espécies com variaveis abioticas em uma area de bioma

Pampa (Capitulo IX);
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7. Atualizar a lista de espécies de Drosophilidae com registros no bioma Pampa
proposta por Poppe et al. (2014) (Capitulo X).
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1.3. Resultados Gerais
1.3.1. Redescri¢des e novas espécies de Rhinoleucophenga

O género Rhinoleucophenga Hendel é composto por 29 espécies formalmente
descritas, com distribuicdo exclusiva nas regides Neotropical e Neartica. O crescente
ndmero de espécies coletadas em trabalhos de levantamento de fauna associado a
grande quantidade de espécies mal identificadas, em funcdo da precéria riqueza de
detalnes em descricdes antigas, nos fez revisar e redescrever Rhinoleucophenga
brasiliensis e R. fluminensis originalmente descritas por Lima (1935) (Capitulo I11), e R.
personata, R. lopesi, R. angustifrons, R. matogrossensis e R. nigrescens originalmente
descritas por Malogolowkin (1946) (Capitulo 1V). A revisdo morfoldgica e taxondmica
do género motivou o desenvolvimento de pesquisas com enfoque evolutivo — um dos

objetivos desta Tese.

Descri¢cfes complementares de Rhinoleucophenga obesa (Loew) (Capitulo V1),
R. joaquina Schmitz, Gottschalk & Valente (Capitulo IlI) e R. punctulata Duda
(Capitulo VII) também foram realizadas, apontando novos caracteres que facilitam a

identificacdo dessas espécies.

Dezessete novas espécies foram propostas para o género (Capitulos II, 111, IV e
V): Rhinoleucophenga punctata sp. nov., R. paraguayensis sp. nov., R. ignota sp. nov.,
R. fusca sp. nov., R. alata sp. nov., R. paulistorum sp. nov., R. obscura sp. nov., R. fulva
sp. nov., R. maculosa sp. nov., R. nigra sp. nov. R. brasilis sp. nov., R. punctuloides sp.
nov., R. trivisualis sp. nov., R. flava sp. nov., R. grimaldii sp. nov., R. exigua sp. nov. e

R. jacareacanga sp. nov.

1.3.2. Revisdo de Rhinoleucophenga obesa sensu Malogolowkin (1946) e Lima
(1935)

Espécimes identificados e descritos como R. obesa por Malogolowkin (1946) e
Lima (1935) foram revisados e redescritos nos atuais padrfes taxondmicos para
Drosophilidae (Capitulo V1).

Caracteristicas morfoldgicas relacionadas ao numero e a forma de insercao das

preensisetas no epandrio dos machos, e a auséncia de “espiculas” na cépsula da
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espermateca das fémeas de R. obesa sensu Malogolowkin (1946) e sensu Lima (1935)
foram indicados como bons caracteres para a separacdo entre aquela espécie e R.
gigantea (Thomson). Esses caracteres foram eficientes para a identificacdo de
especimes coletados em diferentes localidades do sul ao norte do Brasil.
Adicionalmente, a separacdo entre R. obesa sensu Malogolowkin (1946) e R. gigantea

foi confirmada atraves da comparacdo de sequéncias de COI e analise filogenética.

Rhinoleucophenga gigantea foi registrada pela primeira vez no Bioma Cerrado.
Os espéecimes identificados no Bioma Pampa como R. obesa por Poppe et al. (2014)
foram transferidos para R. gigantea. Ainda, R. obesa sensu Malogolowkin (1946) foi

registrada pela primeira vez no estado de Pernambuco.

1.3.3. Variacdo morfoldgica e molecular entre populagdes de Rhinoleucophenga

punctulata na regido Neotropical

Rhinoleucophenga punctulata Duda parece ser uma das espécies mais
amplamente distribuidas do género, sendo comumente e abundantemente encontrada em
ambientes abertos e quentes na regido Neotropical. Populagfes de R. punctulata dos
biomas Caatinga, Cerrado, Pampa e também da regido Amazo6nica revelaram variacédo
morfologica referente a forma das espermatecas das fémeas (Capitulo VII). Em nivel
molecular, a média de divergéncia entre as populacdes do Pampa, Cerrado e Amazénia
para o gene COI foi de 0,7-1,0%, enquanto que a variacdo entre a populacdo da
Caatinga e as demais foi de 2,0-2,4%; porém, a variacdo maxima dentro da populacdo
da Caatinga superou esses valores, apontando para altos niveis de variacdo

intraespecifica em R. punctulata.

Através de analises filogenéticas um clado exclusivo de espécimes da Caatinga
foi obtido. A associacdo entre os resultados filogenéticos e os valores de divergéncia
entre as sequencias de COI indicam uma possivel origem de R. punctulata na regido da
Caatinga, migrando posteriormente para o Cerrado e regido Amazénica, em seguida

expandindo sua distribuicdo ao Sul, no bioma Pampa.
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1.3.4. Relacbes filogenéticas de Rhinoleucophenga com base em dados

morfoldgicos.

Caracteres morfoldgicos continuos, tratados como razGes ou como medidas
absolutas, exercem alta influéncia sobre a topologia das arvores geradas (Capitulo VIII).
Da mesma maneira, foram fundamentais para a elevacdo dos valores de suporte dos
principais agrupamentos de espécies obtidos na filogenia proposta para

Rhinoleucophenga.

Independente do tratamento aplicado aos dados continuos, Rhinoleucophenga
mostrou-se um género parafilético em relagdo ao género Pararhinoleucophenga. Além
disso, seis agrupamentos monofiléticos de especies foram repetidamente obtidos nas
analises desenvolvidas, principalmente quando os caracteres continuos foram tratados
como razbes e log-transformados, sendo esta, teoricamente, a melhor hipotese

filogenética para Rhinoleucophenga até o momento.

1.3.5. Influéncia de fatores ambientais sobre as assembleias de drosofilideos

O bioma Pampa apresentou-se como um ambiente muito diverso em relacdo a
fauna de Drosophilidae. Em um total de 55.860 drosofilideos coletados, foram
encontradas 62 espécies de Drosophila, 13 de Rhinoleucophenga, oito de Zygothrica,
duas de Amiota, duas de Leucophenga e uma de Zaprionus; deste total, 26 morfotipos
ndo foram relacionados a espécies ja descritas. Cabe destacar a riqueza de
Rhinoleucophenga no Pampa. De fato, este passou a ser o ambiente Neotropical com

maior nimero de espécies registradas do género.

Drosophila trapeza Heed & Wheeler, D. senei Vilela, D. suzukii Matsumura e
Zy. dispar Wiedemann foram encontradas pela primeira vez no Pampa, sendo este o

ponto de registro mais ao sul para D. trapeza e Zy. dispar.

A heterogeneidade ambiental foi um fator importante na estrutura das
assembleias, explicando 8,86% da composi¢do das mesmas. No entanto, a interagéo
entre temperatura e os niveis de umidade foi indicada como o componente ambiental

mais influente sobre as assembleias de Drosophilidae, explicando 37,28% de toda a
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variagdo percebida. Mais interessante foi a interagéo entre o tipo de ambiente amostrado
e 0s componentes climéticos; juntos estes elementos explicaram 56,45% da variacéo

percebida nas assembleias de drosofilideos (Capitulo 1X).

As assembleias do interior das manchas de mata sdo menos afetadas pela
adversidade climatica, sendo um ambiente mais estavel e dominado por espécies
neotropicais (62,3%). No entanto, ambientes abertos e fechados, campos e matas,
respectivamente, apresentaram composicdo peculiar das assembleias de Drosophilidae

e, devem ser igualmente considerados em estratégias de preservacdo do bioma Pampa.

1.3.6. Atualizacdo da lista de espécies de Drosophilidae com registros no Pampa

Treze espécies foram incluidas na lista de registros originalmente proposta por
Poppe et al. (2014) para o bioma Pampa (Capitulo X), sdo elas: Drosophila senei Vilela,
D. suzukii Matsumura, D. trapeza Heed and Wheeler, Hirtodrosophila levigata (Burla),
H. mendeli (Mourdo, Gallo and Bicudo), H. morgani (Mourdo, Gallo and Bicudo),
Mycodrosophila projectans (Sturtevanti), Paraliodrosophila antennata (Wheeler),
Rhinoleucophenga joaquina Schmitz, Gottschalk and Valente, R. punctuloides Poppe,
Schmitz and Valente, Zygothrica poeyi (Sturtevanti), Zy. prodispar Duda e Zy. dispar
Wiedemann. Para quase todas, exceto Drosophila senei e D. suzukii, o Pampa

representa a localidade de registro mais ao sul.

Novas areas amostradas também foram incluidas: Sdo Gabriel (30°20'44"S,
54°19'32"0), Santiago (Robe et al. 2014) (29°11'09"S, 54°53'50"0), Pelotas (Robe et
al. 2014) (31°48'58"S, 52°25'55"0) e Rio Grande (Robe et al. 2014) (32°32'25"S,
52°32'34"0).

Até 0 momento, totaliza-se 108 espécies registradas neste bioma compartilhado

por Brasil, Uruguai e Argentina.



38

1.4.  Referéncias Bibliograficas

Amorim, D.S. (1997) Elementos de Sistematica Filogenética. 2 ed. Holos,
Ribeir&o Preto, 124 pp.

Ashburner, M. (1981) Entomophagous and other Bizarre Drosophilidae. In:
Ashburner, M., Carson, H.L., Thompson Jr., J.N. (Eds), The Genetics and Biology of
Drosophila. Academic Press, London, pp. 395-429.

Assembleia Legislativa do estado do Rio Grande do Sul. Lei 11.520/ 2000
Institui o Codigo Estadual do Meio Ambiente do Estado do Rio Grande do Sul e da
outras providéncias. Disponivel em:
http://www.al.rs.gov.br/legiscomp/arquivo.asp?idNorma=11& tipo=pdf (10 de Maio,
2015).

Bachli, G., Vilela, C.R., Escher, A.S. & Saura, A. (2004) The Drosophilidae
(Diptera) of Fennoscandia and Denmark. Fauna Entomologica Scandinavica, 39, 1-
362.

Bachli, G. (2015) Taxodros: The database on Taxonomy of Drosophilidae.
Disponivel em: http://www.taxodros.uzh.ch/search/prt_rawfile.php?prt=SPECIES-
LIST_GR_SR (05 de Maio, 2015).

Bencke, G.A. (2003) Livro vermelho da fauna ameagada de extingdo no Rio

Grande do Sul. Edipucrs, Porto Alegre, 632 pp.

Bizzo, L., Gottschalk, M.S., De Toni, D.C. & Hofmann, P.R.P. (2010) Dinamica
sazonal de uma assembléia de drosofilideos (Diptera) e seu potencial como

bioindicadora em ambientes abertos. Iheringia, Série Zoologia, 100, 185-191.

Bizzo, N.M.V. & Sene, F.M. (1982) Studies on the natural populations of
Drosophila from Peruibe (SP), Brazil (Diptera, Drosophilidae). Revista Brasileira de
Biologia, 42, 539-544.

Blauth, M.L. & Gottschalk, M.S. (2007) A novel record of Drosophilidae
species in the Cerrado biome in the state of Mato Grosso, west-central Brazil.

Drosophila Information Service, 90, 90-95.



39

Boldrini, I.L., Ferreira, P.M.A., Andrade, B.O., Schneider, A.A., Setubal, R.B.,
Trevisan, R. & Freitas, E.M. (2010) Bioma Pampa: Diversidade floristica e

fisionbmica. Pallotti, Porto Alegre, 64 pp.

Brake I. & Bachli, G. (2008) World catalogue of insects, v. 9: Drosophilidae
(Diptera). Appolo Books, Stenstrup, 412 pp.

Branddo, T., Trevisan, R. & Both, R. (2007) Unidades de Conservacdo e 0s

Campos do Rio Grande do Sul. Revista Brasileira de Biociéncias, 5, 843-845.

Brisson, J.A., De Toni, D.C., Duncan, I. & Templeton, A.R. (2005) Abdominal
pigmentation variation in Drosophila polymorpha: Geographic variation in the trait, and
underlying phylogeography. Evolution, 59, 1046-1059.

Cao, H.Z., Toda, M.J. & Chen, H.W. (2008) Three new species of the subgenus
Parapenthecia from the Oriental Region (Diptera: Drosophilidae: Apenthecia).
Entomological Science, 11, 215-219.

Cao, H., Wang, X., Gao, J., Prigent, S.R., Watabe, H., Zhang, Y. & Chen, H.
(2011) Phylogeny of the African and Asian Phortica (Drosophilidae) deduced from
nuclear and mitochondrial DNA sequences. Molecular Phylogenetics and Evolution, 61,
677-685.

Cao, H.Z. & Chen, HW. (2009) Revision of the Oriental Genus
Pararhinoleucophenga Duda (Diptera: Drosophilidae). Zoological Studies, 48, 125-
136.

Carson, H.L. (1971) The ecology of Drosophila breeding sites. Harold L. Lyon
Arboretum Lecture, 2, 1-27.

Cavasini, R., Buschini, M.L.T., Machado, L.P.B. & Mateus, R.P. (2014)
Comparison of Drosophilidae (Diptera) assemblages from two highland Araucaria
Forest fragments, with and without environmental conservation policies. Brazilian
Journal of Biology, 74, 761-768.

Chen, H., Zhang, C. & Liu, G. (2004) New species and new records of the
subgenus Amiota s. str. Loew (Diptera: Drosophilidae) from North America, East Asia
and Oceania. Annales de la Société Entomologique de France, 40, 59-67.



40

Chen, H., Toda, M.J. & Gao, J. (2005a) The Phortica (s. str.) foliiseta species-
complex (Diptera, Drosophilidae) from China and its adjacent countries. Acta
Zootaxonomica Sinica, 30, 419-429.

Chen, H., Toda, M.J. & Wang, B. (2005b) A taxonomic revision of the genus
Pseudostegana Okada, 1978 (Diptera, Drosophilidae). Insect Systematics & Evolution,
36, 407-442.

Chen, HW. & Toda, M.J. (2001) A revision of the Asian and European species
in the subgenus Amiota Loew (Diptera, Drosophilidae) and establishment of species-
groups based on phylogenetic analysis. Journal of Natural History, 35, 1517—-1563.

Cheng, Y., Gao, J.J., Watabe, H. & Chen, H.W. (2008) Revision of the genus
Phortica Schiner 1862 in China (Diptera: Drosophilidae). Zoological Studies, 47, 614—
632.

Cheng, Y., Gao, J.J. & Chen, H.W. (2009) Stegana ornatipes species group from
the Oriental Region (Diptera: Drosophilidae). Zootaxa, 2216, 37-48.

Costa, B.E.P., Rohde, C. & Valente, V.L.S. (2003) Temperature, urbanization
and body color polymorphism in South Brazilian populations of Drosophila
kikkawai (Diptera, Drosophilidae). Iheringia, Série Zoologia, 93, 381-393.

Costa, J., Cerri, D., de S& M.R. & Lamas, C.J.E. (2008) Colecdao entomoldgica
do Instituto Oswaldo Cruz: resgate de acervo cientifico-histérico disperso pelo

Massacre de Manguinhos. Histdria, Ciéncias, Saude — Manguinhos, 15, 401-410.

Coutinho, M. (1998) O Nascimento da Biologia Molecular: Revolugéo, Reducao
e Diversificacdo — um ensaio sobre modelos tedricos para descrever mudanca cientifica.

Cadernos de Ciéncia e Tecnologia, 15, 43-82.

Criscuolo, A. & Gascuel, O. (2008) Fast NJ-like algorithms to deal with
incomplete distance matrices. BMC Bioinformatics, 9, 1-16.

Culik, M.P. & Ventura, J.A. (2009) Nova espécie de Rhinoleucophenga,
potencial predadora de cochonilha-do-abacaxizeiro. Pesquisa Agropecuaria Brasileira,
44, 417-420.



41

Da Lage, J.L, Kergoat, G.J., Maczkowiak, F., Silvain, J.F., Cariou, M.L. &
Lachaise, D. (2007) A phylogeny of Drosophilidae using the Amyrel gene: questioning
the Drosophila melanogaster species group boundaries. Journal of Zoological

Systematic and Evolutionary Research, 45, 47-63.

Darwin, C. (1858) On the tendency of species to form varieties, and on the
perpetuation of varieties and species by means of natural selection. Journal of the
Proceedings of the Linnean Society (Zoology), 3, 45-62.

Darwin, C. (1859) On the origin of species by means of natural selection or the

preservation of favored races in the struggle for life. John Murray, London, 502 pp.

de Pinna, M.G.G. (1991) Concepts and Tests of Homology in the Cladistic
Paradigm. Cladistics, 7, 367—-394.

DeSalle, R. (2006) What's in a character? Journal of Biomedical Informatics, 39,
6-17.

DeSalle, R. (1992) The phylogenetic relationships of flies in the family
Drosophilidae deduced from mtDNA sequences. Molecular Phylogenetics and
Evolution, 1, 31-40.

DeSalle, R. & Grimaldi, D. (1992) Characters and the Systematics of
Drosophilidae. Journal of Heredity, 83, 182-188.

De Toni, D.C., Gottschalk, M.S., Cordeiro, J., Hofmann, P.R.P. & Valente,
V.L.S. (2007) Assemblages of Drosophilidae on Atlantic Forest Islands in Santa
Catarina State. Neotropical Entomology, 36, 356-375.

Diniz-Filho, J.A. (2000) Métodos Filogenéticos Comparativos. Holos, Ribeirdo
Preto, 120 pp.

Dobzhansky, T. & Pavan C. (1943) Studies on Brazilian species of Drosophila.

Boletim da Faculdade de Filosofia, Ciéncias e Letras de Sao Paulo, 36, 7—72.

Dobzhansky, T. & Pavan, C. (1950) Local and seasonal variations in relative

frequencies of species of Drosophila in Brazil. Journal of Animal Ecology, 19, 1-14.



42

Doge, J.S., Oliveira, S.C.F., Gottschalk, M.S. & Hofmann, P.R.P. (2003)
Anélise de pardmetros ecoldgicos em duas assembleias de drosofilideos em um
ambiente de mata em Joinville, SC. Anais completos do VI Congresso de Ecologia do
Brasil, 6, 267-270.

Doge, J.S., Gottschalk, M.S., De Toni, D.C., Bizzo, L.E.M., Oliveira, S.C.F.,
Valente, V.L.S. & Hofmann, P.R.P. (2004) New records of six species of subgenus
Sophophora (Drosophila, Drosophilidae) collected in Brazil. Zootaxa, 675, 1-6.

Doge, J.S., Valente, V.L.S. & Hofmann, P.R.P. (2008) Drosophilids (Diptera)
from an Atlantic Forest area in Santa Catarina, Southern Brazil. Revista Brasileira de
Entomologia, 52, 615-624.

Duda, O. (1927) Die sudamerikanischen Drosophiliden (Dipteren) unter
Berucksichtigung auch der anderen neotropischen sowie der nearktischen Arten. Archiv
flr Naturgeschichte, 91, 1-228.

Duda, O. (1929) Die Ausbeute der deutschen Chaco-Expedition 1925/26
Diptera, Sepsidae, Piophilidae, Cypselidae, Drosophilidae und Chloropidae. Wirtt.
Naturaliensammlung, Stuttgart, 17 pp.

Farris, J.S. (1983) The logical basis of phylogenetic analysis. In: Platnick, N.I. &
Funk, V.A. (Eds), Advances in Cladistics. Columbia University Press, New York, pp.
1-36.

Franck, G. & Valente V.L.S. (1985) Study on the fluctuation in Drosophila
populations of Bento Gongalves, RS, Brazil. Revista Brasileira de Biologia, 45, 133—
141.

Freire-Maia, N. & Pavan, C. (1949) Introduc&o ao estudo da drosofila. Cultus, 1,
1-171.

Frota-Pessoa, O. (1954) Revision of the tripunctata group of Drosophila with
descriptions of fifteen new species (Drosophilidae, Diptera). Arquivos do Museu
Paranaense, 10, 253-304.

Futuyma, D. (1997) Biologia Evolutiva. 2. Ed. SBG/CNPq, Ribeirdo Preto, 631
Pp.



43

Gao, Q. (2014) The genera Lutzonimyia and Pararhinoleucophenga from China
(Diptera: Drosophilidae), with DNA barcoding information. Zootaxa, 3852, 294-300.

Garcia, C.F., Hochmdller, CJ.C., Valente, V.L.S. & Schmitz, H.J. (2012)
Drosophilid assemblages at different urbanization levels in the city of Porto Alegre,

State of Rio Grande do Sul, Southern Brazil. Neotropical Entomology, 41, 1-12.

Giribet, G. (2007) Efficient Tree searches with Awvailable Algorithms.
Evolutionary Bioinformatics, 3, 341-356.

Gofi, B., Martinez, M.E., Techera, G. & Fresia, P. (2002) Increased frequencies
of Zaprionus indianus Gupta, 1970 (Diptera, Drosophilidae) in Uruguay. Drosophila
Information Service, 85, 75-80.

Gottschalk, M.S., De Toni, D.C., Valente, V.L.S. & Hofmann, P.R.P. (2007)
Changes in Brazilian Drosophilidae (Diptera) assemblages across an urbanization

gradient. Neotropical Entomology, 36, 848-862.

Gottschalk, M.S., Hofmann, P.R.P. & Valente, V.L.S. (2008) Diptera,

Drosophilidae: historical occurrence in Brazil. Check List, 4, 485-518.

Gottschalk, M.S., Bizzo, L., Doge, J.S., Profes, M.S., Hofmann, P.R.P. &
Valente, V.L.S. (2009) Drosophilidae (Diptera) associated to fungi: differential use of
resources in Anthropic and Atlantic Rain Forest areas. Iheringia, Série Zoologia, 99,
442-448.

Grimaldi, D.A. (1988) Relicts in the Drosophilidae (Diptera). In: Liebherr, J.K.
(Ed) Zoogeography of Caribbean Insects. Cornell University Press, New York, pp.
183-213.

Grimaldi, D.A. (1990) A phylogenetic, revised classification of genera in the
Drosophilidae (Diptera). Bulletin of the American Museum of Natural History, 197,
103-268.

Grimaldi, D., Engel, M.S. (2005) Evolution of the Insects. Cambridge University
Press, New York. 770 pp.



44

Hasenack, H. (2007) Campos galuchos estdo ameacados.  Jornal da
Universidade, Porto Alegre. Janeiro/Fevereiro, 5. Entrevista concedida a Ademar

Vargas de Freitas.

Hennig, W. (1950) Grundzuge einer Theorie der phylogenetischen Systematik.
Deutscher Zentralverlag, Berlin, 370 pp.

Hennig, W. (1966) Phylogenetic systematics. University of Illinois Press,
Urbana, 263 pp.

Hochmuller, C.J., Da Silva, M.L., Valente, V.L.S. & Schmitz, H.J. (2010) The
drosophilid fauna (Diptera, Drosophilidae) of the transition between the Pampa and
Atlantic Forest Biomes in the state of Rio Grande do Sul, southern Brazil: first records.
Papeis Avulsos de Zoologia, 50, 285-295.

Hoffmann, A.A. & Harshman, L.G. (1999) Desiccation and starvation resistance
in Drosophila: patterns of variation at the species, population and intrapopulation levels.
Heredity, 83, 637-643.

Hsu, T.C. (1949) The external Genital Apparatus of Male Drosophilidae in
Relation to Systematics. Studies in the Genetics of Drosophila, 80-142.

Huang, J., Li, T. & Chen, H. (2013) The genus Leucophenga (Diptera,
Drosophilidae), part IlI: the interrupta species group from the Oriental region, with

morphological and molecular evidence. Zootaxa, 3750, 587-600.

Huang, J., Li, T. & Chen, H. (2014) The genus Leucophenga (Diptera,
Drosophilidae), part IV: the ornata species group from the East Asia, with

morphological and molecular evidence (I1). Zootaxa, 3893, 1-55.

Jiménez, M.R., Bobadilla, D.G., Vargas, H.C., Gallo, P.D., Silva, EV. &
Mendoza, R.M. (1993) Gitona sp. (Diptera: Drosophilidae) and its Detection in the
Azapa Valley (I Region of Chile). Idesia, 12, 51-55.

Junges, J. & Gottschalk, M.S. (2014) Two New Species of the New World

Genus Rhinoleucophenga (Diptera: Drosophilidae). Journal of Insect Science, 14, 1-5.



45

Kellermann, V., Heerwaarden, B., Sgro, C.M. & Hoffmann, A.A. (2009)
Fundamental evolutionary limits in ecological traits drive Drosophila species
distributions. Science, 325, 1244-1246.

Klink, C.A. & Machado, R.B. (2005) A conservacdo do Cerrado brasileiro.
Megadiversidade, 1, 147-155.

Koch, N.M., Soto, I.M. & Ramirez, M.J. (2015) Overcoming problems with the
use of ratios as continuous characters for phylogenetic analyses. Zoologica Scripta, 44,
463-474.

Kwiatowski, J. & Ayala, F. (1999) Phylogeny of Drosophila and Related
Genera: Conflict between Molecular and Anatomical Analyses. Molecular
Phylogenetics and Evolution, 13, 319-328.

Lachaise, D., Tsacas, L. (1983) Breeding-sites in tropical African drosophilids.
In: Ashburner, M., Carson, H.L., Thompson Jr., J.N. (Eds), The Genetics and Biology of
Drosophila. Academic Press, London, pp. 221-332.

Lewin, R. (1997) Patterns in evolution: the new molecular view. Scientific

American Library, New York, 246 pp.

Li, T., Gao, J., Lu, J., Ji, X. & Chen, H. (2013) Phylogenetic relationship among
East Asian species of the Stegana genus group (Diptera, Drosophilidae). Molecular
Phylogenetics and Evolution, 66, 412-416.

Lima, A.C. (1935) Um Drosophilideo predador de Coccideos. Chacaras e
Quintaes, 52, 61-63.

Lima, A.C. (1937) Outras moscas cujas larvas sdo predadoras de Coccideos.
Chacaras e Quintaes, 55, 179-182.

Lima, A.C. (1950) Duas espécies de Gitona predadoras de coccideos do género
Orthezia (Diptera: Drosophilidae). Arthropoda, 1, 247-253.

Lipscomb, D. (1998) Basics of cladistic analysis. George Washington
University, Washington, 75 pp.



46

Lu, J., Li, T. & Chen, H. (2011) Molecular phylogenetic analysis of the Stegana
ornatipes species group (Diptera: Drosophilidae) in China, with description of a new

species. Journal of insect Science, 20, 1-12.

Lucchese, M.E., Flores, F.E.V. & Valente, V.L.S. (2002) Drosophila as
bioindicator of air pollution: preliminary evaluation of the wild species D. willistoni.

Revista Brasileira de Biociéncias, 1, 19-28.

Méaca, J. (2003) Taxonomic notes on the genera previously classified in the
genus Amiota Loew (Diptera: Drosophilidae, Steganinae). Acta Universitatis carolinae
Biologica, 47, 247-274.

Maca, J. & Otranto, D. (2014) Drosophilidae feeding on animals and the

inherent mystery of their parasitism. Parasit Vectors, 7, 516.

Malloch, J.R. & McTee, W.L. (1924) Flies of the family Drosophilidae of the
district of Columbia region, with keys to genera, and other notes, of broader application.

Proceedings of the Biological Society of Washington, 37, 25-42.

Malogolowkin, C. (1946) Sobre o género Rhinoleucophenga com descri¢do de
cinco espécies novas (Drosophilidae, Diptera). Revista Brasileira de Biologia, 6, 415—
426.

Mata, R.A., McGeoch, M. & Tidon, R. (2010) Drosophilids (Insecta, Diptera) as

tools for conservation biology. Natureza e Conservacéo, 8, 1-5.

Mata, R.A., Roque, F., Tidon, R. (2008) Drosophilids (Insecta, Diptera) of the

Parand Valley: eight new records for the Cerrado biome. Biota Neotropica, 8, 55-60.

Mateus, R.P., Buschini, M.L.T. & Sene, F.M. (2006) The Drosophila
community in xerophytic vegetations of the upper Parana-Paraguay river Basin.

Brazilian Journal of Biology, 66, 719-729.

Markow, T.A. & O'Grady, P.M. (2006) Drosophila - A guide to species
identification and use. Elsevier Academic press, London, 254 pp.

Martins, M.B. (1987) Variacao espacial e temporal de algumas espécies e grupos
de Drosophila (Diptera) em duas reservas de matas isoladas, nas vizinhancas de Manaus

(Amazonas, Brasil). Boletim do Museu Paraense Emilio Goeldi, 3, 195-218.



47

Martins, M.B. (1995) Drosofilas e outros insetos associados a frutos de
Parahancornia amapa dispersos sobre o solo da floresta. Universidade Estadual de

Campinas, S&o Paulo, 202 pp.

Martins, M.B. (2001) Drosophilid fruit-fly guilds in forest fragments. In:
Dierregaard Jr., R.O., Gascon, C., Lovejoy, T.E., Mesquita, R., (Eds), Lessons from
Amazonia: the ecology and conservation of a fragmented forest. Yale University Press,
New Haven, pp. 175-186.

Mayr, E. (1998) O desenvolvimento do pensamento bioldgico: diversidade,
evolucdo e heranga. Editora Universidade de Brasilia, Brasilia. 1107 pp.

Mayr, E. (1965) Numerical phenetics and taxonomic theory. Systematic
Zoology, 14, 73-97.

Mayr, E. (1974) Cladistic analysis or cladistic classification? Zeitschrift fiir
Zoologische Systematik und Evolutionforschung, 12, 94-128.

Medeiros, H.F. & Klaczko, L.B. (2004) How many species of Drosophila
(Diptera, Drosophilidae) remain to be described in the forests of Sdo Paulo, Brazil?

Species lists of three forest remnants. Biota Neotropica, 4, 1-12.

Mishler, B.D. (2009) Three centuries of paradigm changes in biological
classification: Is the end in sight? Taxon, 58, 61-67.

Mizuguchi, Y. (1978) Preferéncia por substratos na ovoposi¢do de Drosophila
da Caatinga. Revista Brasileira de Biologia, 38, 819-821.

MMA — Ministério do Meio Ambiente (2007) Areas prioritarias para a
conservacao, uso sustentavel e reparticdo de beneficios da biodiversidade brasileira:
atualizacdo — Portaria MMA n° 09, de 23 de janeiro de 2007. Ministério do Meio
Ambiente, Brasilia, 301 pp.

Nelson, G. & Platnick, N. (1981) Systematics and Biogeography: Cladistics and

Vicariance. Columbia University Press, New York, 567 pp.

Nixon, K.C. & Carpenter, J.M. (2011) On homology. Cladistics, 27, 1-10.



48

O’Grady, P.M. & Markow, T.A. (2009) Phylogenetic taxonomy in Drosophila.
Fly, 3, 10-14.

O’Grady, P.M., Clark, J.B. & Kidwell, M. (1998) Phylogeny of the Drosophila
saltans Species Group Based on Combined Analysis of Nuclear and Mitochondrial
DNA Sequences. Molecular Biology and Evolution, 15, 656-664.

O’Grady, P.M. (1999) Reevaluation of Phylogeny in the Drosophila obscura
Species Group Based on Combined Analysis of Nucleotide Sequences. Molecular
Phylogeny and Evolution, 12, 124-139.

Okada, T. (1989) A proposal for establishing tribes for the Family Drosophilidae
with keys to tribes and genera (Diptera). Zoological Science, 6, 391-399.

Otranto, D., Stevens, J.R., Testini, G. Cantacessi, C. & Maéca, J. (2008)
Molecular characterization and phylogenesis of Steganinae (Diptera, Drosophilidae)
inferred by the mitochondrial cytochrome ¢ oxidase subunit 1. Medical and Veterinary
Entomology, 22, 37-47.

Otranto, D., Brianti, E., Cantacessi, C., Lia, R.P. & Maca, J. (2006a) The
zoophilic fruitfly Phortica variegata: morphology, ecology and biological niche.
Medical and Veterinary Entomology, 20, 358-364.

Otranto. D., Cantacessi, C., Testini, G. & Lia, R.P. (2006b) Phortica variegata
as an intermediate host of Thelazia callipaeda under natural conditions: evidence for
pathogen transmission by a male arthropod vector. International Journal of
Parasitology, 36, 1167-1173.

Paes, M.L.N & Dias, I.F.O (2008) Plano de manejo: Estacdo Ecoldgica

Raso da Catarina. Ibama, Brasilia, 326 pp.

Pavan, C. (1959) Relagbes entre populagdes naturais de Drosophila e 0 meio
ambiente. Boletim da Faculdade de Filosofia, Ciéncias e Letras da Universidade de
Sdo Paulo, 221, 1-81.

Patterson, J.T. (1943) The Drosophilidae of the Southwest. The University of
Texas Publication, 4313, 7-216.



49

Patterson, C. (1982) Morphological characters and homology. In: Joysey, K.A.
& Friday, A.E. (Eds), Problems in Phylogenetic Reconstruction. Academic Press,
London, pp. 21-74.

Partridge, L. (1988) Lifetime Reproductive Success in Drosophila. Chicago
University Press, 11-25.

Penariol, L. (2007) Assembleia de drosofilideos na borda e no interior de um
fragmento de floresta estacional no noroeste de Estado de Sdo Paulo. Universidade

Estadual Paulista, Sdo Paulo, 94 pp.

Petersen, J.A. (1960) Studies of the ecology of the genus Drosophila. I.
Collections in two different life zones and seasonal variations in Rio Grande do Sul,

Brazil. Revista Brasileira de Biologia, 20, 3-16.

Poppe, J.L., Schmitz, H.J., Callegari-Jacques, S.M. & Valente, V.L.S. (2015a)
Environmental Determinants on the Assemblage Structure of Drosophilidae Flies in a

Temperate-Subtropical Region. Neotropical Entomology, 44, 140-152.

Poppe, J.L., Schmitz, H.J., Grimaldi, D. & Valente, V.L.S. (2014) High diversity
of Drosophilidae (Insecta, Diptera) in the Pampas Biome of South America, with
descriptions of new Rhinoleucophenga species. Zootaxa, 3779, 215-245.

Poppe, J.L., Schmitz, H.J. & Valente, V.L.S. (2015b) The New World genus
Rhinoleucophenga (Diptera: Drosophilidae): new species and notes on occurrence
records. Zootaxa, 3955, 349-370.

Poppe, J.L., Valente, V.L.S. & Schmitz, H.J. (2012) Structure of Drosophilidae
Assemblage (Insecta, Diptera) in Pampa Biome (S&o Luiz Gonzaga, RS). Papeis
Avulsos de Zoologia, 52, 185-195.

Poppe, J.L., Valente, V.L.S. & Schmitz, H.J. (2013) Population Dynamics of
Drosophilids in the Pampa Biome in Response to Temperature. Neotropical
Entomology, 42, 269-277.

Porto, M.L. (2002) Os Campos Sulinos: sustentabilidade e manejo. Ciéncia &
Ambiente, 24, 119-128.



50

Powell, J.R. & DeSalle, R. (1995) Drosophila Molecular Phylogenies and Their
Uses. Evolutionary Biology, 28, 87-138.

Prigent, S. & Chen, H.W. (2008) A survey of the genus Phortica Schiner from
Kenya, Africa (Diptera: Drosophilidae). Zootaxa, 1773, 18-30.

PROBIO, 2007. Cobertura vegetal do bioma Pampa. Relatério Técnico. Centro
de Ecologia. Universidade Federal do Rio Grande do Sul, Porto Alegre. 31 pp.

Remsen, J. & O’Grady, P. (2002) Phylogeny of Drosophilinae (Diptera:
Drosophilidae), with comments on combined analysis and character support. Molecular
Phylogenetics and Evolution, 24, 249-264.

Risser, P.G. (1997) Diversidade em e entre prados. In: Wilson, E.O. (Ed),
Biodiversidade. Nova Fronteira, Rio de Janeiro, pp 224-229.

Robe, L.J., Loreto, E.L.S. & Valente, V.L.S. (2010) Radiation of the Drosophila
subgenus (Drosophilidae, Diptera) in the Neotropics. Journal of Zoological Systematics
and Evolutionary Research, 48, 310-321.

Roque, F. & Tidon, R. (2008) Eight new records of drosophilids (Insecta;

Diptera) in the Brazilian savanna. Drosophila Information Service, 91, 94-98.

Roque, F. & Tidon, R. (2013) Five New Records of Drosophilids (Diptera) in a
Riparian Forest in the Brazilian Savanna, an Endangered Neotropical Biome. Annals of

the Entomological Society of America, 106, 117-121.

Roque, F., Mata, R.A. & Tidon, R. (2013) Temporal and vertical drosophilid
(Insecta; Diptera) assemblage fluctuations in a Neotropical gallery forest. Biodiversity
and Conservation, 22, 657-672.

Russo, C.A.M., Takezaki, N. & Nei, M. (1996) Efficiencies of different genes
and different tree-building methods in recovering a known vertebrate phylogeny.
Molecular Biology and Evolution, 13, 525-536.

Russo, C.A.M., Takezaki, N. & Nei, M. (1995) Molecular Phylogeny and
Divergence Times of Drosophilid Species. Molecular Biology and Evolution, 12, 391-
404.


http://lattes.cnpq.br/0384455492228279
http://lattes.cnpq.br/6493669115018157

51

Saavedra, C.C.R., Callegari-Jacques, S.M., Napp, M. & Valente, V.L.S. (1995)
A descriptive and analytical study of four Neotropical drosophilid communities. Journal

of Zoology Systematic and Evolutionary Research, 33, 62—74.

Santos, C.M.D. (2008) Os dinossauros de Hennig: sobre a importancia do

monofiletismo para a sistematica biologica. Scientiae studia, 6, 179-200.

Santos, C.M.D. & Kilassa, B. (2012) Sistematica filogenética hennigiana:

revolucdo ou mudanca no interior de um paradigma? Scientiae studia, 10, 593-612.

Schmitz, H.J., Valente, V.L.S. & Hofmann, P.R.P. (2007) Taxonomic Survey of
Drosophilidae (Diptera) from Mangrove Forests of Santa Catarina Island, Southern
Brazil. Neotropical Entomology, 36, 53-64.

Schmitz, HJ., Gottschalk, M.S. & Valente, V.L.S. 2009. Rhinoleucophenga
joaquina sp. nov. (Diptera: Drosophilidae) from the Neotropical Region. Neotropical
Entomology, 38, 786-790.

Schmitz, H.J., Hofmann, P.R.P. & Valente, V.L.S. (2010) Assemblages of
drosophilids (Diptera, Drosophilidae) in mangrove forests: community ecology and

species diversity. lheringia, Série Zoologia, 100, 133-140.

Schmitz, H.J. & Hofmann, P.R.P. (2005) First record of subgenus Phloridosa of
Drosophila in southern Brazil, with notes on breeding sites. Drosophila Information
Service, 88, 97-101.

Schuh, R.T. & Brower, A.V.Z. (2009) Biological Systematics: principles and
applications. Cornell University press, New York, 311 pp.

Sereno, P.C. (2007) Logical basis for morphological characters in phylogenetics.
Cladistics, 23, 565-587.

Shao, Z., Li, T., Jiang, J., Lu, J. & Chen, H. (2014) Molecular phylogenetic
analysis of the Amiota taurusata species group within the Chinese species, with

descriptions of two new species. Journal of Insect Science, 14, 1-13.

Sidorenko, V.S. (2002) Phylogeny of the tribe Steganini Hendel and some
related taxa (Diptera, Drosophilidae). Far Eastern Entomologist, 111, 1-20.



52

Silva, N.M., Fantinel, C.C., Valente, V.L.S. & Valiati, V.H. (2005) Population
dynamics of the invasive species Zaprionus indianus (Gupta) (Diptera: Drosophilidae)
in communities of drosophilids of Porto Alegre city, southern of Brazil. Neotropical
Entomology, 34, 363-374.

Sneath, P.H.A. (1995) Thirty years of numerical taxonomy. Systematic Biology,
44, 281-298.

Sturtevant, A.H. (1921) The North American species of Drosophila. Carnegie
Institution of Washington Publication, Washington, 150 pp.

Sturtevant, A.H. (1942) The classification of the genus Drosophila with
descriptions of nine new species. University of Texas Publications, 4213, 5-51.

Takahashi, K. & Nei, M. (2000) Efficiencies of fast algorithms of phylogenetic
inference under the criteria of maximum parsimony, minimum evolution, and maximum
likelihood when a large number of sequences are used. Molecular Biology and
Evolution, 17, 1251-1258.

Thomson, C.G. (1869) Diptera species novasdescripsit. In: Vetenskaps-
Akademlen, K.S. (Ed), Kongliga svenska fregatten Eugenies resa omkring jorden 2.
Vetenskapliga lakttagelser, Stockholm, pp. 443-614.

Tidon-Sklorz, R. & Sene, F.M. (1995) Fauna of Drosophila (Diptera,
Drosophilidae) in the Northern area of the “Cadeia do Espinhaco”, States of Minas
Gerais and Bahia, Brazil: Biogeographical and ecological aspects. lheringia, Série
Zoologia, 78, 85-94.

Tidon-Sklorz, R. & Sene, F.M. (1999) O género Drosophila. In: Branddo C.R. &
Cancello E.M. (Eds), Biodiversidade do Estado de S&o Paulo, Brasil, sintese do
conhecimento ao final do século XX. Invertebrados terrestres. FAPESP, Séo Paulo, pp.
245-261.

Tidon, R., Leite, D.F. & Ledo, B.F.D. (2003) Impact of the colonisation of
Zaprionus (Diptera, Drosophilidae) in different ecosystems of the Neotropical region: 2

years after the invasion. Biological Conservation, 112, 299-305.



53

Tidon, R. (2006) Relationships between drosophilids (Diptera, Drosophilidae)
and the environment in two contrasting tropical vegetations. Biological Journal of
Linnean Society, 87, 233-247.

Titus, T.A. & Frost, D.R. (1996) Molecular homology assessment and
phylogeny in the lizard family Opluridae (Squamata: Iguania). Molecular Phylogenetics
and Evolution, 6, 49-62.

Throckmorton, L.H. (1962) The Problem of Phylogeny In the Genus
Drosophila. Studies in Genetics, 2, 207-343.

Throckmorton, L.H. (1975) The phylogeny, ecology and geography of
Drosophila. In: King, R.C., (Ed), Handbook of Genetics. Plenum Press, Nova York , pp.
421-4609.

Torres, F.R. & Madi-Ravazzi, L. (2006) Seasonal variation in natural
populations of Drosophila spp. (Diptera) in two woodlands in the State of Sao Paulo,

Brazil. Iheringia Série Zoologica, 96, 437-444.

Tosi, D., Martins, M.B., Vilela, C.R. & Pereira, M.A.Q.R. (1990) On a new
cave-dwelling species of bat guano-breeding Drosophila closely related to D. repleta
Wollaston. Revista Brasileira de Genética, 13, 19-31.

Val, F.C. & Marques, M.D. (1996) Drosophilidae (Diptera) from the Pantanal of
Mato Grosso (Brazil), with the description of a new species belonging to the bromeliae

group of the genus Drosophila. Papéis Avulsos de Zoologia, 39, 223-230.

Van der Linde, K., Houle, D., Picer, G.S. & Steppan, S. (2010) A supermatrix-
based molecular phylogeny of the family Drosophilidae. Genetic Research, 92, 25-38.

Vidal, M.C. & Vilela, C.R. (2015) A New Species of Rhinoleucophenga
(Diptera: Drosophilidae) From the Brazilian Cerrado Biome Associated with Extrafloral
Nectaries of Qualea grandiflora (Vochysiaceae). Annals of Entomological Society of
America, 108, 932-940.

Vilela, C.R., Pereira, M.A.Q.R. & Sene, F.M. (1983) Preliminary data on
geographical distribution of Drosophila species within morphoclimatic domains in
Brazil. 11. The repleta group. Ciéncia e Cultura, 35, 66-70.



54

Vilela, C.R. (1990) On the identity of Drosophila gigantea Thomson, 1869
(Diptera, Drosophilidae). Revista Brasileira de Entomologia, 34, 499-504.

Vilela, C.R. & Béchli, G. (2009) Redescriptions of three South America species
of Rhinoleucophenga described by Oswald Duda (Diptera, Drosophilidae). Bulletin de
La Société Entomologique Suisse, 82, 181-196.

Wallace, A. R. (1855) On the law which has regulated the introduction of new
species. Annals and Magazine of Natural History, 16, 184-196.

Wallace, A. R. (1858) On the tendency of varieties to depart indefinitely from
the original type. Proceedings of the Linnean Society of London, 3, 53-62.

Wang, J.Q., Gao, JJ. & Chen, H.W. (2011) Stegana castanea species group
(Diptera, Drosophilidae) from the Oriental region. Journal of Natural History, 45, 505—
519.

Wiens, J.J. (2000) Phylogenetic Analysis of Morphological Data: Comparative

Evolutionary Biology Series. Smithsonian Institution Press, Washington, 220 pp.
Wilson, E.O. (1999) The Diversity of Life. Norton Co., NewYork, 424 pp.

Wheeler, W.C. (2012) Systematics: A Course of Lectures. Wiley Blackwell,
London, 453 pp.

Wheeler, M.R. (1952) The Drosophilidae of the Neartic Region, Exclusive of the
Genus Drosophila. Studies in the Genetics of Drosophila, University of Texas
Publications, 5204, 162—218.

Wheeler, M.R. & Takada, H. (1971) Male genitalia of some representative
genera of American Drosophilidae. Studies in Genetics, 7103, 225-240.

Yassin, A. (2013) Phylogenetic classification of the Drosophilidae Rondani
(Diptera): the role of morphology in the postgenomic era. Systematic Entomology, 38,
349-364.

Zhang, Y., Xu, M., Li, T. & Chen, HW. (2012) Revision of the subgenus
Orthostegana (Diptera: Drosophilidae: Stegana) from Eastern Asia. Entomotaxonomia,
34, 361-374.



55

Zhang, Y. & Chen, H.W. (2015) Four new species of the Stegana ornatipes
species group (Diptera: Drosophilidae) from Yunnan, China, with DNA barcoding
information. Zootaxa, 3905, 131-137.

Zivanovic, G. & Mestres, F. (2011) Changes in chromosomal polymorphism and
global warming: The case of Drosophila subobscura from Apatin (Serbia). Genetics
and Molecular Biology, 34, 489-495.



56

2. CAPITULO II

(Manuscrito publicado no periédico Zootaxa)

Poppe, J.L., Schmitz, HJ. & Valente, V.L.S. (2015) The New World genus
Rhinoleucophenga (Diptera: Drosophilidae): new species and notes on occurrence
records. Zootaxa, 3955, 349-370.



57

2.1. The New World genus Rhinoleucophenga (Diptera: Drosophilidae): new

species and notes on occurrence records

JEAN LUCAS POPPEY* HERMES JOSE SCHMITZ?>" & VERA LUCIA DA SILVA
VALENTE. 34"
1. Programa de Pds-Graduacédo em Biologia Animal, Universidade Federal do Rio

Grande do Sul (UFRGS), Caixa Postal 15.053, 91501-970, Porto Alegre, RS, Brasil.

2. Universidade Federal da Integracdo Latino-Americana (UNILA). Av. Tancredo
Neves, 6731, Bloco 4. Caixa Postal 2044, 85867-970, Foz do Iguacu, PR, Brasil.

3. Programa de Pos-Graduacao em Genética e Biologia Molecular, Universidade
Federal do Rio Grande do Sul, Porto Alegre, RS, Brasil.

4. Departamento de Genética, Instituto de Biociéncias, Universidade Federal do Rio
Grande do Sul (UFRGS). Caixa Postal 15.053, 91501-970, Porto Alegre, RS, Brasil.
(Corresponding author).

* Both authors contributed equally to the supervision of the present study.

E-mails: lucaspoppe@bol.com.br; hj.schmitz@gmail.com; vera.valente@pg.cnpg.br

2.1.1. ABSTRACT
The genus Rhinoleucophenga Hendel comprises 26 nominal species with New

World distribution. In the present study, two new species are described from samples in
the Pampa and Caatinga biomes in Brazil, R. punctuloides sp. nov. and R. trivisualis sp.
nov., respectively. Rhinoleucophenga punctuloides sp. nov. is a sibling species of R.
punctulata Duda. Furthermore, two females of R. joaquina Schmitz, Gottschalk &
Valente were found for the first time and a description is presented. A taxonomic
dichotomous key with pictures is given for the Rhinoleucophenga species recorded in
the Caatinga and Pampa biomes. The Neotropical open environments are areas of high
diversity for Rhinoleucophenga. The description of new species and review of some
older descriptions can change the area of species distribution and improve the faunistic
knowledge of other localities in which previous studies have shown unidentified or

misidentified Rhinoleucophenga species.

KEY WORDS: Taxonomy, Steganinae, neotropics, Pampas, Caatinga, biodiversity.
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2.1.2. RESUMO

O género Rhinoleucophenga Hendel compreende 26 espécies descritas com
distribuicdo no Novo Mundo. No presente estudo, duas novas espécies sao descritas a
partir de coletas realizadas nos biomas Pampa e Caatinga, R. punctuloides sp. nov. e R.
trivisualis sp. nov., respectivamente. Rhinoleucophenga punctuloides sp. nov. é uma
espécie criptica de R. punctulata Duda. Além disso, duas fémeas de R. joaquina
Schmitz, Gottschalk & Valente foram encontradas pela primeira vez e a descri¢ao para a
espécie é apresentada. Uma chave taxondmica dicotdmica com imagens € apresentada
para espécies de Rhinoleucophenga com registros nos biomas Pampa e Caatinga. Os
ambientes neotropicais de vegetacdo aberta tém apresentado alta diversidade de espécies
de Rhinoleucophenga. Porém, a descricdo de novas espécies e a revisdo de algumas
descricdes antigas pode mudar o cendrio de distribuicdo das espécies, e também
melhorar o conhecimento faunistico de algumas localidades, para as quais existem
muitos estudos prévios com espécies de Rhinoleucophenga ndo identificadas ou

identificadas incorretamente.

PALAVRAS-CHAVE: Taxonomia, Steganinae, neotrépico, Pampa, Caatinga,
biodiversidade.

2.1.3. INTRODUCTION
Rhinoleucophenga Hendel is a genus of Drosophilidae with Neotropical and

Nearctic distribution. It was established by Hendel (1917) with R. pallida Hendel from
Peru as the type-species. Currently, Rhinoleucophenga comprises 26 nominal species
(Bachli 2014), which were mostly described in the first half of the 20th century (Duda
1927, 1929; Malogolowkin 1946). Recently Poppe et al. (2014) highlighted the
diversity of this genus in the South American Pampa biome, in which ten out of the 51
Drosophilidae species collected belonged to Rhinoleucophenga, representing the
greatest richness found in the genus.

However, some taxonomic problems associated with the genus remain,
especially concerning species identities and the existence of several undescribed
species, resulting in misidentification and uncertainties in the geographical distribution
of some species, e.g., R. obesa Loew. This would be the most widespread species of
Rhinoleucophenga, including records from Canada to the south of Brazil. However,

substantial doubt regarding the identity and, consequently, the distribution of the species
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remain, and some authors suggest that the name R. obesa may indeed comprise a group
of sibling species (Vilela 1990). Other widespread species include R. punctulata Duda,
which is broadly found in open environments in South America (Vilela & Béchli 2009;
Rogue & Tidon 2013; Poppe et al. 2014). No sibling species of R. punctulata has been
found until now, despite confusion regarding the Nearctic species R. bivisualis
(Patterson), which also has a spotted thorax. On the other hand, the genus is very poorly
known, several Rhinoleucophenga species are known only from types or specimens
collected at the type-locality (Duda 1927; Malogolowkin 1946; Lima 1950; Poppe et al.
2014).

In the present study, two new species are described, R. trivisualis sp. nov. and R.
punctuloides sp. nov. The latter is a sibling species of R. punctulata; thus, a review of
many R. punctulata specimens collected in different areas was performed to elucidate
its intraspecific variability. The description of the female of R. joaquina Schmitz,
Gottschalk & Valente is also presented, together with new distribution records. An
illustrated dichotomous key is given for the Rhinoleucophenga species recorded in the

Pampa and Caatinga biomes based on the available literature and collected specimens.

2.1.4. MATERIALS AND METHODS
Specimens of Rhinoleucophenga were collected in banana-baited traps (Tidon &

Sene 1988) in the Pampa (28°45°01”S 54°56°55”W, 200 m) and Caatinga (9°30'39"S
38°32'12"W, 500 m) biomes. Both areas predominantly consist of open vegetation with
a mosaic of forest patches and have been rapidly degraded as a consequence of the
unsustainable exploration (MMA 2007; Paes & Dias 2008) (Fig. 1).

Descriptions are based on measures and indices given by Bdchli et al. (2004);
measurements represent averages followed by the ranges in parentheses, which were
measured with an ocular reticle inserted into a stereomicroscope. Male and female
terminalia were disarticulated in glycerol after treatment with 10% potassium hydroxide
(KOH) and acid fuchsine (Béachli et al. 2004). The genitalia were mounted in a piece of
glycerine jelly (ca. 2 x 2 x 2 mm) on a clean slide (Grimaldi 1987). Photos of the
specimens were taken with a digital camera coupled to an optical stereomicroscope after
the specimens were dried with hexamethyldisilazane (HMDS) (Brown 1993) and
pinned. Drawings of the genitalia were made with a camera lucida system attached to a
compound microscope with 40x and 10x objective lenses and a 10x ocular lens. The
terminology follows Grimaldi (1990), Vilela (1990) and Bachli et al. (2004). All
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holotypes and paratypes are deposited in the Entomological Collection of the Institute
Oswaldo Cruz (CEIOC), at Fundagdo Oswaldo Cruz (Fiocruz), Rio de Janeiro, Brazil.
The paratype specimens are stored in microvials with 96% alcohol. The disarticulated
terminalia are stored in microvials with glycerol and pinned with the respective
specimens.

The type series of R. joaquina was examined to establish the identity of females.
Samples of R. punctulata were obtained from the Cerrado biome (Roque & Tidon
2008), southern Amazonian savanna enclave (6°13'36"S 48°27'55"W), and the Pampa
(Poppe et al. 2014) and Caatinga biomes (Oliveira GF, personal communication). The
specimens were obtained by collection with banana baited traps. Additional specimens
from Chaco (Asuncién, Paraguay) deposited in the Entomological Collection of the
Institute Oswaldo Cruz (CEIOC) at Fundagdo Oswaldo Cruz (Fiocruz), Brazil, were
also analyzed. The collecting methods and coordinate information of the verified
specimens from Paraguay are unknown.

To check the identity of R. punctulata specimens, the same characteristics of
general morphology and terminalia used in the descriptions were observed. Male and

female terminalia were disarticulated as above.

A dichotomous key is given for the Rhinoleucophenga species recorded in the
Pampa and Caatinga biomes, with illustrations of all species. This is an update of the
dichotomous key for species from the Pampas proposed by Poppe et al. (2014) and

presents the main characteristics used to differentiate the species.

2.1.5. RESULTS

New Rhinoleucophenga species
Rhinoleucophenga Hendel
Rhinoleucophenga Hendel, 1917: 44-45
Pseudophortica Sturtevant, 1918: 37
Gitona (in New world) Brake & Bachli, 2008: 291
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Rhinoleucophenga trivisualis sp. nov.
(Figures 2a-e; 3a-d; 4a-c)

Type series. Holotype: 1m# labelled “Rhinoleucophenga trivisualis; HOLOTYPE m#;
Brazil, Bahia, Estacdo Ecoldgica Raso da Catarina/ Municipio de Paulo Afonso.
9°30'39"S 38°32'12"W, 22.iv.2012 col.: GF Oliveira; banana bait”. Postabdomen of
holotype dissected, stored in microvial with glycerin, stored on the same pin with the
respective specimen. Paratypes: 2m# and 2f# labelled “Rhinoleucophenga trivisualis;
PARATYPE; Brazil, Bahia, Estacdo Ecologica Raso da Catarina/ Municipio de Paulo
Afonso. 9°30'39"S 38°32'12"W, 22.iv.2012 col.: GF Oliveira; banana bait”. Holotype
and paratypes are deposited at CEIOC/Fiocruz.
Diagnosis. Head covered with ca. 26 scattered interfrontal setulae, eyes with three
transverse light stripes (well noted when the specimen is preserved in alcohol). Scutum
and scutellum brownish covered with small dark brown spots (Fig. 2b), pleura
yellowish with two large dark brown longitudinal stripes, abdomen yellowish with
brown stripes in each tergite medially widely interrupted and laterally connected (Fig.
2a-b). Wings hyaline (Fig. 2c). Male terminalia as in Figure 3a-d.
Description. m#. Head (Fig. 2a; 2d-e). Front brownish, covered with ca. 26 scattered
interfrontal setulae, frontal length 0.57mm (0.56-0.58); frontal index = 1.14 (1.12-1.16);
top-to-bottom width ratio = 1.09 (1.06-1.12); ocellar triangle to front length ratio = 0.42
(0.38-0.46); orl/or3 ratio = 1.08 (1.07-1.09); or2/orl ratio = 0.61 (0.58-0.64); vibrissal
index = 0.43 (0.36-0.50). Carina prominent. Cheek index = 8.10 (6.7-9.50). Eye index =
1.31 (1.27-1.35). Antenna with the tip of flagellomeres darker brown, arista with short
branches, 12 dorsal branches and 10 ventral branches plus terminal fork. Palpus
yellowish with ca. 15 setae on lower part. Eyes with three transverse light stripes (Fig.
2d) (well noted when the specimen is preserved in alcohol).
Thorax (Fig. 2a-b). Thorax length 1.60mm (1.52-1.68). Scutum and scutellum
brownish; scutum covered with many small dark brown spots. 10 rows of acrostichal
setulae. 2 pairs of prescutellar acrostichal setae, the central pair strongest, about 56%
(48-64) of posterior dorsocentral setae. Postpronotum with one setae. Transverse
distance between dorsocentral setae 3.32x (2.80-3.85) longitudinal distance. Basal
scutellar setae divergent. Sterno index = 1; median katepisternal setae absent. Halteres
whitish. Legs yellow with brown annuli subdistally on femora and basally on tibiae.
Wings (Fig. 2c). Hyaline. Length 2,92mm (2.85-3.00); width 1.22mm (1.20-1.25).
Indices: C = 3.72 (3.36-4.09); hb = 0.49 (0.40-0.59); Ac = 1.26 (1.15-1.38); 4c = 1.12
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(1.00-1.25); 4v = 3.10 (2.95-3.25); 5x = 1.46 (1.42-1.50); M = 1.02 (1.00-1.05); prox.x
= 1.40 (1.36-1.45).

Abdomen (Fig. 2a-b). Yellowish, each tergite with broad brown posterior stripes widely
interrupted dorsomedially and expanded and connecting laterally.

Body length: 3.62mm (3.50-3.75).

Terminalia m# (Fig. 3a-d). Epandrium microtrichose, fused with surstyli.
Approximately 9 prensisetae. About 6 upper and 20 lower setae on each side of
epandrium. Cerci elongate, with ca. 25 setae each, 3-4 longer setae in the apical portion.
Aedeagus ring-shaped, with squared aspect in frontal and dorsal view, the apical portion
slightly wider than the base. Aedeagus apodeme long and bifurcate in the posterior
region.

f#. Head. Same color pattern and setation as in male. Frontal length = 0.51mm (0.50-
0.52); frontal index = 1.04; top-to-bottom width ratio = 1.10 (1.08-1.12); ocellar triangle
to front length ratio = 0.43 (0.42-0.44); orl/or3 ratio = 0.93 (0.86-1.00); or2/orl ratio =
0.86 (0.81-0.91). vibrissal index = 0.35 (0.33-0.38). Cheek index = 9.12 (8.75-9.50).
Eye index = 1.28 (1.25-1.31). Other characters as in male.

Thorax. Same color pattern as in male. Thorax length 1.52mm (1.50-1.54). 10 rows of
acrostichal setulae. 1 pair of prescutellar setae, about 67% (64-71) of posterior
dorsocentral setae. Transverse distance between dorsocentral setae 3.6x (3.40-3.80) the
longitudinal distance. Sterno index =1. Other characters as in male.

Wings. Hyaline. Length 2.77mm (2.75-2.78); width 1.25mm. Indices: C = 3.05 (2.73-
3.38); hb = 0.48 (0.46-0.50); Ac = 1.60 (1.44-1.76); 4c = 1.12 (1.04-1.20); 4v = 2.48
(2.40-2.56); 5x = 1.23 (1.13-1.33); M = 0.74 (0.68-0.80); prox.x = 1.06 (1.00-1.12).
Abdomen. Same color pattern as in male.

Body length: 3.25mm (3.10-3.40).

Terminalia f# (Fig. 4a-c). Cerci long and well sclerotized with 4 longer apical setae on
each one. Epiproct with ca. 7 setae, two longer apical ones. Hypoproct with many
subequal setae and ca. 6 longer apical setae. Spermathecal capsule slightly elongated,
with basal introvert reaching ca. % of inner capsule.

Etymology. The species name refers to its three light stripes on the eyes, which is a
peculiar characteristic of this species.

Type locality. Brazil, Bahia, Estacdo Ecoldgica Raso da Catarina/ Municipio de Paulo
Afonso (9°30'39"S 38°32'12"W).
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Distribution. Known from the type locality, and from Parque Nacional Serra da
Capivara, municipality of Sdo Raimundo Nonato, Piaui state, Brazil (Oliveira GF,
personal communication).

Biology. Collected in fermented-banana traps, in the Caatinga sensu strictu.

Rhinoleucophenga punctuloides sp. nov.
(Figures 5a-d; 6a-d; 7a-c)

R. Ip1 Poppe et al., 2014: 219, 221, 230 (key)
Type series. Holotype: 1m# labelled “Rhinoleucophenga punctuloides; HOLOTYPE
m#; Brazil, Rio Grande do Sul, Bossoroca. 28°45°01”S 54°56°55”W, 20.xii.2011 col.:
JL Poppe; banana bait”. Postabdomen of holotype dissected, stored in microvial with
glycerin, stored on the same pin with the respective specimen. Paratypes: 4m# and 2f#
labelled “Rhinoleucophenga punctuloides; PARATYPE; Brazil, Rio Grande do Sul,
Bossoroca. 28°45°01”S 54°56°55”W, 20.xii.2012 col.: JL Poppe; banana bait”.
Holotype and paratypes are deposited in CEIOC/Fiocruz.
Diagnosis. Scutum brown covered with many small dark brown spots at bases of setae
and setulae, two diffuse longitudinal dark brown stripes (Fig. 5a). Head covered with ca.
40 scattered interfrontal setulae (Fig. 5¢), abdomen yellow with dark brown band which
is medially interrupted and laterally broadened (Fig. 5a). Wings hyaline, C-index= 2.77
(2.4-3.14) in male (Fig. 5b). Male terminalia as in Figure 6a-d. The females'
spermathecal capsule presents an invagination that reaches the basal introvert (Fig. 7¢).
Description. m#. Head (Fig. 5c). Front brownish-yellow, covered with ca. 40 scattered
interfrontal setulae, frontal length 0.46mm (0.43-0.50); frontal index = 1.28 (1.23-1.33);
top-to-bottom width ratio = 1.15 (1.10-1.20); ocellar triangle to front length ratio = 0.45
(0.40-0.50); orl/or3 ratio = 1.04 (1.00-1.08); or2/orl ratio = 0.78 (0.70-0.87), each
orbital setae with a brown patch around base; vibrissal index = 0.36 (0.25-0.47). Carina
narrow, slightly nose-like and sulcate. Cheek index = 8.01 (7.2-9). Eye index = 1.29
(1.24-1.34). Antenna with flagellomeres of the same color as front, arista pubescent,
with 6 dorsal branches and 4 ventral branches plus terminal fork. Palpus yellowish with
ca. 15 setae on lower part.
Thorax (Fig. 5a). Thorax length 1.31mm (1.21-1.41). Scutum and scutellum brown;
scutum covered with many small dark brown spots at bases of setae and setulae, with
two diffuse longitudinal dark brown stripes. 8 rows of acrostichal setulae. 3 pairs of
prescutellar acrostichal setae, the central pair strongest, about 60% (59-62) of posterior
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dorsocentral setae. Postpronotum with one setae. Transverse distance between
dorsocentral setae 3.86x (3.57-4.16) longitudinal distance. Basal scutellar setae
divergent. Sterno index = 0.91 (0.88-0.94); median Kkatepisternal setae absent; pleura
yellowish with a diffuse brownish median stripe. Halteres whitish yellow. Legs yellow.
Wings (Fig. 5b). Hyaline. Length 2.43mm (2.33-2.54); width 0.97mm (0.86-1.08).
Indices: C = 2.77 (2.40-3.14); hb = 0.52 (0.48-0.57); Ac = 1.68 (1.45-1.92); 4c = 1.27
(1.06-1.48); 4v = 2.81 (2.60-3.02); 5x = 1.62 (1.25-2.00); M = 0.60 (0.50-0.71); prox.x
=1.14 (0.95-1.33).

Abdomen (Fig. 5a). Abdomen with yellow ground color, tergite Il with a dark brown
stripe widely interrupted medially, tergites Il to VI each with a broad, dark brown
stripe which is medially interrupted and laterally broadened; the stripes are gradually
enlarged towards tip of abdomen.

Body length: 2.65mm (2.50-2.80).

Terminalia m# (Fig. 6a-d). Epandrium microtrichose, fused with surstyli.
Approximately 14 prensisetae and about 7 inner setae and 17 outer setae on each
surstylus. About 7 upper and 8 lower setae on each side of epandrium. Cerci elongated
presenting a peculiar curved shape, with ca. 40 setae each, 15-20 longer setae in the
apical portion; among the cerci there are two elongated structures microtrichose similar
to finger tips. Aedeagus elongate, compound by two parallel structures wider in the
base, apical portion is pointed; dorsal side with a medially pointed elongation, ventral
side with about seven small pointed elongations like spines, both structures can be seen
in lateral view. Apodeme long and bifurcate in the posterior region.

f#. Head. Same color pattern and setation as in male. Frontal length = 0.52mm (0.48-
0.56); frontal index = 1.21 (1.19-1.24); top-to-bottom width ratio = 1.11 (1.07-1.14);
ocellar triangle to frontal length ratio = 0.55 (0.50-0.60); orl/or3 ratio = 1.18 (1.11-
1.25); or2/orl ratio = 0.77 (0.70-0.83). vibrissal index = 0.29 (0.25-0.32). Cheek index
= 6.3 (5.00-7.60). Eye index = 1.25 (1.20-1.30). Other characters as in male.

Thorax. Same color pattern as in male. Thorax length 1.46mm (1.32-1.60). 6 rows of
acrostichal setulae. 1 pair of prescutellar setae, about 65% (61-68) of posterior
dorsocentral setae. Transverse distance between dorsocentral setae 4x (3.85-4.16) the
longitudinal distance. Sterno index =0.95 (0.90-1.00). Other characters as in male.
Wings. Hyaline. Length 2.55mm (2.35-2.75); width 1.1mm (1.00-1.20). Indices: C =
3.26 (3.11-3.41); hb = 0.65 (0.58-0.72); Ac = 1.52 (1.38-1.67); 4c = 1.04 (0.95-1.12); 4v
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= 2.55 (2.35-2.75); 5x = 1.50 (1.29-1.70); M = 1.52 (0.67-0.85); prox.x = 1.05 (1.00-
1.10).

Abdomen. Same color pattern as in male.

Body length: 2.85mm (2.70-3.00).

Terminalia f# (Fig. 7a-c). Cerci long with ca. three longer apical setae on each. Epiproct
short with few subequal setae. Hypoproct large with many setae including few longer
ones. Spermathecal capsule elongate. Basal introvert reaching almost the top if inner
capsule. The top of the spermathecal capsule presents an invagination that reaches the
basal introvert.

Etymology. The species name refers to its spotted thorax and its strong similarity with
R. punctulata based on external morphology.

Type locality. Brazil, Rio Grande do Sul, Bossoroca (28°45°01”’S 54°56°55”W).
Distribution. Known only from the type locality.

Biology. Collected in fermented-banana traps, along the edges of forest patches of
Pampa biome.

Rhinoleucophenga joaquina Schmitz, Gottschalk & Valente
(Figures 8a-c; 9a-c)

R. joaquina Schmitz et al., 2009: 786-790
Type series. 2f# labelled “Rhinoleucophenga joaquina; Specimen 01 f#; Brazil, Rio
Grande do Sul, Bossoroca. 28°45°01”S 54°56°55”W, 12.x.2013 col.: JL Poppe; banana
bait”. Specimen 02 f#; Brazil, Bahia, Estagcdo Ecologica Raso da Catarina/ Municipio de
Paulo Afonso. 9°30'39"S 38°32'12"W, 22.iv.2012 col.: GF Oliveira; banana bait”.
Holotype and paratypes are deposited in CEIOC/Fiocruz.
Diagnosis. Head covered with ca. 55 (50-60) scattered interfrontal setulae, arista
microtrichose, with ca. 10 very short dorsal branches and 6 ventral branches (Fig. 8a).
One strong pair of prescutellar acrostichal setae (Fig. 8b). Legs yellow, wings hyaline
(Fig. 8c). The abdominal color pattern yellow, with black, medially interrupted marginal
bands and a medial black stripe extending from the tip of the abdomen to tergite Il or
IV (Fig. 8b).
f#. Head (Fig. 8a). Frons yellowish covered with ca. 55 (50-60) scattered interfrontal
setulae. Frontal length = 0.61mm (0.60-0.62); frontal index = 1.27 (1.24-1.30); top-to-
bottom width ratio = 1.00 (0.92-1.08); ocellar triangle to frontal length ratio = 0.36
(0.33-0.38); orl/or3 ratio = 1.53; or2/orl ratio = 0.35. Carina prominent, nose-like.
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Cheek index = 5.25 (4.24-6.26). Eye index = 1.30 (1.27-1.32). Antenna with
flagellomeres of the same color as front, arista microtrichose with ca. 10 dorsal
branches and 6 ventral branches plus terminal fork. Palpus yellowish with ca. 20 setae
on lower part.

Thorax (Fig. 8b). Scutum homogeneously brownish or with three faint longitudinal
stripes slightly darker. Thorax length 1.38mm (1.33-1.44). 14 rows of acrostichal
setulae. 1 pair of prescutellar setae, about 57% of posterior dorsocentral setae.
Postpronotum with one setae. Transverse distance between dorsocentral setae 4.71x
(4.42-5.00) the longitudinal distance. Basal scutellar setae divergent. Sterno index =
0.89; median katepisternal setae absent; pleura brownish. Halteres whitish yellow. Legs
yellow.

Wings (Fig. 8c). Hyaline. Length 3.3mm (3.1-3.5); width 1.47mm (1.4-1.55). Indices: C
= 3.25 (3-3.5); hb = 0.41 (0.40-0.43); Ac = 1.24 (1.11-1.36); 4c = 1.00 (1.00-1.00); 4v =
2.45 (2.23-2.66); 5x = 1.57 (1.46-1.68); M = 0.81 (0.73-0.90); prox.x = 0.98 (0.96-
1.00).

Abdomen (Fig. 8b). Yellow, with black, medially interrupted marginal bands on tergites
and a medial black stripe extending from the tip of the abdomen to tergite 111 or V.
Body length: 3.62mm (3.50-3.75).

Terminalia f# (Fig. 9a-c). Cerci long with many longer apical setae on each one.
Epiproct short with few subequal setae. Hypoproct wider than long. Spermathecal
capsule rounded, basal introvert reaching ca. % of inner capsule.

Type locality. Brazil, Rio Grande do Sul, Bossoroca (28°45°01”’S 54°56°55”W).
Distribution. Males known previously only from the type-locality (Joaquina,
Florianopolis, Santa Catarina, Brazil). Now the distribution is extended southwards to
Pampa (Bossoroca, Rio Grande do Sul) and northwards to Caatinga (Raso da Catarina,
Paulo Afonso, Bahia).

Biology. Previously this species has been found breeding in Dyckia encholirioides
(Bromeliaceae) flowers in coastal dunes (Schmitz et al. 2009). Collected in fermented-
banana traps, along the edges of forest patches in pampas, and in the Caatinga sensu

strictu.
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Rhinoleucophenga punctulata Duda
(Figures 10a-¢e; 11a-c)
R. punctulata Duda, 1929: 43-44; R. punctulata Malogolowkin, 1946: 417, 422; R.
punctulata Roque & Tidon, 2008: 97; R. punctulata Vilela & Bachli, 2009: 186-191; R.
punctulata Roque & Tidon, 2013: 119; R. punctulata Poppe et al., 2014: 220, 230, 235.

The identity of all R. punctulata specimens was confirmed through the male terminalia
according to the redescription performed by Vilela & Bachli (2009) and through the
comparison of the arista branch pattern with R. punctuloides sp nov. The arista branches
are longer and curved (s-shaped) in R. punctulata (Fig. 10c), while branches are short
and straight in R. punctuloides sp. nov. (Fig. 5d). Because both species occur
sympatrically in the Pampas, knowledge of the terminalia of R. punctulata female from
the Pampas (Fig. 11a-c) is also important to the species determination. The females can
be differentiated through comparisons of the spermathecal capsule; R. punctuloides sp.
nov. presents an invagination in the tip of the spermathecal capsule (Fig. 7c) that is not

seen in R. punctulata (Fig. 11c).

Key to Rhinoleucophenga species recorded in the Pampa and Caatinga biomes

1. Wings clouded at least on cross veins and on the end of veins R,.3 and Ry.s;
body length 5.5 mm or larger...........ooooiiiiiiii 2
- Wings hyaline; body length lessthan 5.5 mm ... 4

2. End of M vein not clouded, costal cell not clouded; R,:3 vein without

supernumerary veins; body color mainly yellow ......................ooiin. 3

- End of M vein strongly clouded, costal cell clouded; Rj.3 vein with ca. 2-4
clouded supernumerary veins; body color brownish.................. R. pampeana

Poppe et al. (Fig. 12a-d)

3. Arista with 9-10 dorsal branches; aedeagus somewhat oval-shaped, rounded on
top, with a slight elongation (Fig. 11a in Poppe et al. 2014).................R. obesa
Loew (sensu Malogolowkin 1946) (Fig. 13a-d)
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Arista with 7-8 dorsal branches; aedeagus somewhat D-shaped, with an
elongation medially on top (Fig. 11b in Poppe et al. 2014).............. R. gigantea
Thomson (sensu Vilela 1990) (Fig.14a-d)

. Scutum unicolorous, without SpoOts Or StriPes...........oviviieriniiiiiiriiiiiannn, 5

Scutum covered with small dark brown spots and with two diffuse longitudinal
brown stripes between the dorsocentral setae .................cceviiiiiiiiiiiinennn. 6
. Arista with short branches or microtrichose; yellowish fly; abdomen
yellowish with interrupted brown stripes............cooviiiiiiiiiiiiiiieee, 8

Arista with long branches; brownish fly; abdomen brownish with terminal

portion darker brown, stripes continuous or interrupted .................coeeenninn... 9

. Body length 3.5 mm or larger; eyes with three transverse light stripes; pleura
yellowish ~ with  two large dark  brown longitudinal  stripes

...................................................................... R. trivisualis sp. nov. (Fig. 2a-d)

Body length less than 3.0 mm; eyes without transverse stripes pleura yellowish
with one or without large dark brown longitudinal stripes .............cccceeeeee. 7
. Avrista with long curved branches; the top of the spermathecal capsule without
any invagination...................oeeiviiviie e, R. punctulata Duda (Fig. 10a-e)

Arista with short straight branches; the top of the spermathecal capsule presents
an invagination that reaches the basal introvert............. R. punctuloides sp. nov.
(Fig. 5a-d)

. Arista with short branches; abdomen yellowish with interrupted brown stripes on
all tergites without medial stripe extending from the tip of abdomen
........................................................... R. subradiata Duda (Fig. 15a-c)

Arista microtrichose; abdomen yellowish with interrupted brown stripes on
tergite 11 and with medial stripe extending from the tip of abdomen to tergite 111

orIV.............cceeeeee.e.. R JOaquina Schmitz, Gottschalk & Valente (Fig. 8a-c)

. Arista with 5 or 6 ventral branches; pleura brownish; coxa with more than 20
setae; aedeagus basal portion as wide as the apice; aedeagus presents a dorsal

PIOJECLION L.ttt e e e e e e e 10
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- Arista with 4 ventral branches; pleura dark brown; coxa with less than 20 setae;
aedeagus basally wider than the apical portion, aedeagus presents a ventral
PrOJECtiON......ccveiiiiciiece e R. capixabensis Culik & Ventura (Fig. 16a-d)

10. Front covered with ca. 60 scattered interfrontal setulae, frontal index
approximately ~ 1.0; costal index ca. 3.5, ~the abdomen tip

darker......cccooeiieiie e R. missionera Poppe et al. (Fig. 17a-d)

- Front covered with ca. 50 scattered interfrontal setulae, frontal index
approximately 1.3; costal index ca. 2.5, abdomen tip not darker...... R. sulina

Poppe et al. (Fig. 18a-d).

2.1.6. DISCUSSION
The species described here belong to Rhinoleucophenga based on the following

features: strong prescutellar acrostichal setae, frons densely covered with scattered
interfrontal setulae, surstyli fused to epandrium bearing small peg-like prensisetae,
simple aedeagus (Vilela & Béachli 2009), only two katepisternal setae, postpronotum
with one setae and a pair of divergent basal scutellar setae (Malogolowkin 1946).

Rhinoleucophenga trivisualis sp. nov. resembles R. bivisualis (Patterson)
because it has a scutum covered with small brownish spots and spotted eyes. It also
resembles R. punctulata because it has a scutum covered with spots, hyaline wings and
similar body color pattern, but it is larger than R. punctulata. However, it clearly differs
from these two species and from all known species of the genus due to its distinctive
pleura, striped pattern, and eye color, with three transverse light stripes, in addition to
its aedeagal morphology.

Rhinoleucophenga punctuloides sp. nov. resembles R. punctulata because all of
the external morphological characteristics are identical, except for the length of the
aristal branches and the form of the spermathecal capsule. R. punctuloides sp. nov.
clearly differs from R. punctulata and from all known species of the genus in the
morphology of the epandrium and aedeagus.

Rhinoleucophenga punctulata has been widely recorded in the South American
continent (Duda 1929; Béachli 1990; Vilela & Bachli 2009; Roque & Tidon 2008, 2013;
Poppe et al. 2014), ranging from subtropical-temperate to tropical climates. Vilela &
Bachli (2009) recorded R. punctulata in the Cerrado and Chaco regions and suggested
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that it could be a widespread species in these biomes. It may be a widespread species in
Pampa and Caatinga as well (Poppe et al. 2014; Oliveira GF, personal communication).
At this stage, among the R. punctulata species analyzed, no R. punctuloides sp. nov.
were found.

The existence of other sibling species in the Rhinoleucophenga genus should not
be discounted. Sibling species are well documented in widespread and well-studied
groups of Drosophila, e.g., D. willistoni Sturtevant (Burla et al. 1949; Ehrman & Powell
1982), D. repleta Sturtevant (Tidon-Sklorz & Sene 2001) and the D. melanogaster
Sturtevant species group (Tsacas et al. 1971; Bock & Wheeler 1972; Moreteau et al.
1995). Most species of these sibling sets are widely distributed, but some are
geographically restricted and discriminated only by genetic or chromosomal markers or
subtle morphological differences, such as the D. willistoni subgroup (Cordeiro & Winge
1995; Malogolowkin 1952). Thus, more studies and samples are necessary to determine
if R. punctuloides sp. nov. is restricted to the Pampas or has a wider distribution, if R.
trivisualis is restricted to Caatinga, and if other sibling species of R. punctulata or other

Rhinoleucophenga species exist as well.

The first species of Rhinoleucophenga collected in flowers in a subtropical area
on the south coast of Brazil was R. joaquina (Schmitz et al. 2009); the present study
was conducted with banana traps in the southern subtropical-temperate Pampas, as well
as a previous study performed in the northern tropical Caatinga region (Oliveira GF,
personal communication). These studies showed that R. joaquina is a widely distributed
species. Although these environments are climatically different, both are a mosaic of
open vegetation with forest patches; these forest patches have more humidity and a
more stable temperature, and can act as refugia to flies in hostile environments as shown
by Poppe et al. (2015) in drosophilids in the Pampas. Consequently the environmental
conditions provided by these “refugia” enable the existence of the same species in
environments with distinct climatic conditions, allowing a broader distribution of the
species, possibly broader than suggested here. Unfortunately no specimen of Dyckia
was found during field work, and no Rhinoleucophenga specimens emerged from other

flower samples brought to the laboratory during a previous study (Poppe et al. 2014).

The Neotropical open environments are areas of high diversity for
Rhinoleucophenga (Poppe et al. 2014; Oliveira GF, personal communication).

However, the description of new species and a review of earlier descriptions can change
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the area of species distribution and improve the faunistic knowledge of other localities
in which previous studies have shown unidentified or misidentified Rhinoleucophenga

species.
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2.1.9. FIGURES

Figure 1: Map of South America showing the collection points (Pampa: #1; Caatinga:
#2). a: Geopolitical map of South America; b: satellite visualization of South Brazil
with the Pampas boundaries (black line); c: satellite visualization of Northeast Brazil
with the Caatinga boundaries (black line).
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Figure 2: Holotype of R. trivisualis sp. nov. a: general habitus, lateral view; b: general
habitus, dorsal view; c: wing; d: eyes with three light stripes (indicated by the arrows, in
alcohol); e: head, frontal view (scale bar 1.0 mm in a, b and ¢; 0.5 mm in e; 0.1 mm in

d).
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Figure 3: Male terminalia of the holotype of R. trivisualis sp. nov. a-c: aedeagus and
aedeagal apodeme. a: dorsal view; b: ventral view; c: lateral view; d: epandrium, cerci
and surstyli, caudal view (scale bar: 0.05 mm).
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Figure 4: Female terminalia of the paratype of R. trivisualis sp. nov. a: ventral view; b:
dorsal view; c: spermathecal capsule (scale bar: 0.1 mm).
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Figure 5: Holotype of R. punctuloides sp. nov. a: general habitus, dorsal view; b: wing;
c: head, frontal view; d: antennae (scale bar 1.0 mm inaand b; 0.5 mm inc; 0.1 mm in
d).
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Figure 6: Male terminalia of holotype of R. punctuloides sp. nov. a-c: aedeagus and
aedeagal apodeme. a: ventral view; b: dorsal view; c: lateral view; d: epandrium, cerci
and surstyli, posterior view (scale bar: 0.05 mm).
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Figure 7: Female terminalia of the paratype of R. punctuloides sp. nov. a: dorsal view;
b: latero-ventral view; c: spermathecal capsule (scale bar: 0.1 mm).
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Figure 8: Female of R. joaquina collected in Bossoroca, Rio Grande do Sul. a: head,
frontal view; b: thorax and abdomen, dorsal view; c: wing (scale bar 0.1 mm).
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Figure 9: Female terminalia of R. joaquina collected in Bossoroca, Rio Grande do Sul.
a: ventral view; b: spermathecal capsule; c: dorsal view (scale bar: 0.1 mm).
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Figure 10: Specimen of R. punctulata collected in the Caatinga biome. a: general
habitus, dorsal view; b: wing; c: antenna; d: head, frontal view; e: general habitus,
lateral view (scale bar 0.5 mm, except in c: 0.1 mm).
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Figure 11: Female terminalia of R. punctulata (specimen collected in Bossoroca, Rio
Grande do Sul). a: ventral view; b: dorsal view; c: spermathecal capsule (scale bar: 0.1
mm).
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Figure 12: Holotype of R. pampeana. a: thorax, dorsal view; b: head, frontal view; c:
abdomen, dorsal view; d: wing (scale bar 0.5 mm).
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Figure 13: Ordinary specimen of R. obesa collected in the Pampa biome. a: head, frontal
view; b: thorax, dorsal view; c: abdomen, dorsal view; d: wing (scale bar 0.5 mm).




88

Figure 14: Ordinary specimen of R. gigantea collected in the Pampa biome. a: thorax,
dorsal view; b: head, frontal view; c: abdomen, dorsal view; d: wing (scale bar 0.5 mm).
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Figure 15: Ordinary specimen of R. subradiata collected in the Pampa biome. a: wing;
b: general habitus, dorsal view; c: head, frontal view (scale bar 0.5 mm).
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Figure 16: Ordinary specimen of R. capixabensis collected in the Caatinga biome. a:
wing, b: head, frontal view; c: abdomen, dorsal view; d: thorax, dorsal view (scale bar
0.5 mm).
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Figure 17: Holotype of R. missionera. a: thorax, dorsal view; b: head, frontal view; c:
abdomen, dorsal view; d: wing (scale bar 0.5 mm).
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Figure 18: Holotype of R. sulina. a: thorax, dorsal view; b: head, frontal view; c:
abdomen, dorsal view; d: wing (scale bar 0.5 mm).




3. CAPITULO llI
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3.1. Redescription of Rhinoleucophenga species (Diptera: Drosophilidae)
originally described by Lima (1950) and description of three new yellow

species of Rhinoleucophenga from Neotropical region
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3.1.1. ABSTRACT

The genus Rhinoleucophenga Hendel comprises 28 nominal species with New World
distribution. In the present study two species are redescribed: Rhinoleucophenga
brasiliensis (Lima) and R. fluminensis (Lima). Other species, R. flava sp. nov. and R.
grimaldii sp. nov. are described from collections performed with banana-baited traps in
northeast region of Brazil, States of Pernambuco and Bahia, respectively. And a third
species, R. exigua sp. nov. is from the specimens deposited at CEIOC/Fiocruz; it is
probably from Trinidad and Tobago, but its collecting method is unknown. The
description of new species and review of some older descriptions of Rhinoleucophenga
species is important to improve the faunistic knowledge of Neotropical areas, in which
previous studies have shown unidentified or misidentified Rhinoleucophenga species.

Key words: Gitona, drosophilids, Steganinae, biodiversity.



95

3.1.2. RESUMO

O género Rhinoleucophenga Hendel é composto por 29 espécies formalmente descritas,
com distribuicdo no Novo Mundo. No presente estudo, duas espécies sdo redescritas:
Rhinoleucophenga brasiliensis (Lima) e R. fluminensis (Lima). Outras espécies, R. flava
sp. nov. e R. grimaldii sp. nov. sdo descritas a partir de individuos coletados em
armadilhas com banana fermentada na regido Nordeste do Brasil, nos estados de
Pernambuco e Bahia, respectivamente. Uma terceira espécie, R. exigua sp. nov. €
descrita a partir de espécimes depositados na Colecdo Entomoldgica do Instituto
Oswaldo Cruz no Brasil (CEIOC/Fiocruz); esta espécie é provavelmente oriunda de
Trinidad e Tobago, mas seu método de coleta € desconhecido. A descri¢do de novas
espeécies e a revisdo de descri¢cdes antigas de Rhinoleucophenga é fundamental para o
aprimoramento do conhecimento faunistico das areas Neotropicais, nas quais estudos
prévios tém mostrado espécies de Rhinoleucophenga néo identificadas ou erroneamente
identificadas.

Palavras-chave: Gitona, drosofilideos, Steganinae, biodiversidade.

3.1.3. INTRODUCTION

Rhinoleucophenga Hendel is a genus of Drosophilidae with Neotropical and
Nearctic distribution. In the last years, some species have been described (Junges &
Gottschalk 2014; Poppe et al. 2014, 2015) and new records of Rhinoleucophenga
species have been done in Neotropical areas (Mata et al. 2008; Roque & Tidon 2008,
2013; Vilela & Béachli 2009; Roque et al. 2013; Poppe et al. 2015). This increase in the
records of Rhinoleucophenga species has highlighted the need for reviews of old
description studies and the complementary description of some species (Vilela & Béachli
2009), since most of species were described in the first half of the 20th century (Duda
1927, 1929; Malogolowkin 1946; Lima 1950).

Important ecological aspects of some species were described by Lima (1937,
1950), including the predatory behavior of R. brasiliensis (Lima) and R. fluminensis
(Lima) in Orthezia praelonga Douglas (Lima 1950). These species are known as small
yellow flies, but more details about their morphology are important, mainly due to the
increasing number of records in areas until then poorly explored (Roque & Tidon 2008,
2013; Poppe et al. 2014, 2015), including the first records of other small

Rhinoleucophenga yellow species.
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Thus, the review of some species description is fundamental to avoid some
taxonomic problems in Rhinoleucophenga, which are due the lack of well detailed
descriptions, resulting in some species misidentification and uncertainties about the
geographical distribution data. In this sense, considering the current patterns of species
description, the present study presents the redescription of Rhinoleucophenga
brasiliensis and R. fluminensis, and the description of three new yellow species of

Rhinoleucophega: R. flava sp. nov., R. grimaldii sp. nov. and R. exigua sp. nov.

3.1.4. MATERIALS AND METHODS

Descriptions are based on measures and indices given by Bachli et al. (2004),
which were done with an ocular reticle inserted into a stereomicroscope. Measurements
in the text represent averages followed by the ranges in parentheses. Male and female
terminalia were disarticulated in glycerol after treatment with 10% potassium hydroxide
(KOH) and acid fuchsine (Bachli et al. 2004). The genitalia were mounted in a piece of
glycerine jelly (ca. 2 x 2 x 2 mm) (Grimaldi 1987), stored in microvials with glycerol
and pinned with the respective specimen. Photos of the specimens were taken with a
digital camera coupled to an optical stereomicroscope. Drawings of the genitalia were
made with a camera lucida system attached to a compound microscope with 40x and
10x objective lenses and a 10x ocular lens. The terminology follows Grimaldi (1990),
Vilela (1990) and Béchli et al. (2004).

3.1.5. RESULTS
Rhinoleucophenga Hendel
Rhinoleucophenga Hendel, 1917: 44-45
Pseudophortica Sturtevant, 1918: 37
Gitona (in New world) Brake & Bachli, 2008: 291

Rhinoleucophenga brasiliensis (Lima)
(Figures 1a-e, 2a-c; Table 1)
Gitona brasiliensis Lima, 1950: 251-252 (figure 3); Rhinoleucophenga brasiliensis
Roque & Tidon, 2013: 118,119 (table); Rhinoleucophenga brasiliensis Roque et al.,
2013: 661, 663 (table)



97

Material examined: Seven dried specimens glued on a pinned card point and labeled
“Gitona brasiliensis n. sp. / Recife 4-v-1936 J. Alves Albu. / 2858 / PARATYPO”. Four
specimens had the terminalia disarticulated and stored in a microvial with glycerin and
attached with the pinned exemplar. Three slides with wings labeled “Inst. Osw. Cruz,
N. 3079, Diviséo 19, Caixa 103 / Inst. Osw. Cruz, No. 2858, Gitona fluminensis n. sp.,
predador de, Orthezia no. 2857, C. L. prep. xii-1936”; “Inst. Osw. Cruz, N. 3080,
Divisdo 20, Caixa 103 / Inst. Osw. Cruz, No. 2858, Gitona brasiliensis n. sp., predador
de, Orthezia no. 2857, C. L. prep. xii.1936, C. L. det. 1. 1948”; “Inst. Osw. Cruz, N.
3081, Diviséo 21, Caixa 103 / Inst. Osw. Cruz, No. 2858, Gitona brasiliensis n. sp.,
predador de, Orthezia no. 2857, C. L. prep. xii.1936, C. L. det. 1. 1948”. 01 slide with a
puparium labeled “Inst. Osw. Cruz, N. 3082, Divisdo 22, Caixa 103 / Inst. Osw. Cruz,
No. 2858, Gitona brasiliensis n. sp., predador de, Orthezia no. 2857, C. L. det. 1. 1948,
C. L. prep. 12.xii.1936”. 01 slide with two specimens labeled “Inst. Osw. Cruz, N.
3082, Divisdo 18, Caixa 103 / Inst. Osw. Cruz, No. 2858, Gitona fluminensis
[scratched] brasiliensis n. sp., predador de, Orthezia no. 2857, C. L. det. 1948, C. L.
prep. xii.1936”. All specimens were deposited in the Colecdo Entomoldgica do Instituto
Oswaldo Cruz (CEIOC)/ Fiocruz.

Diagnosis. Body yellow (Fig la-b); front covered with ca. 20 scattered interfrontal
setulae. Top-to-bottom frontal width ratio 1.18 (1.08-1.30). Scutum covered with a
diffuse longitudinal light yellow stripe; hyaline wings; tergites with brown stripes
interrupted medially. Body length ca. 1.53 mm (1.44-1.70). Female terminalia as in

figure 2a-c.
Description. Male and female present the same follow characteristics:

Head (Fig 1b, d). Front homogeneously yellow, covered with ca. 20 scattered
interfrontal setulae; ocellar triangle yellow (or brownish in some specimens) with brown
ocelli. Carina nose-like and ca. 50% sulcated. Face and gena yellowish; antenna with
flagellomere and pedicel homogeneously yellow; arista micropubescent with 6 dorsal
branches and 5 ventral branches plus terminal fork. Palpus yellowish with ca. 20 (15-

20) setae on lower part.

Thorax (Fig la-b). Scutum and scutellum yellow, scutum covered with a diffuse

longitudinal light yellow stripe. Six irregular rows of acrostichal setulae. Two pairs of
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prescutellar acrostichal setae, the central one is the longest. Pleura, halteres and legs

yellowish.
Wings (Fig 1c). Hyaline, without spots.

Abdomen. Abdomen proximally yellowish and distally brownish; tergites with brown

stripes interrupted medially.

Female terminalia (Fig 2a-b). Epiproct microtrichose with ca. 10 setae. Hypoproct
microtrichose with ca. 20 setae. Cerci with ca. four longer apical setae on each one.
Spermathecal capsule (Fig 2c) with basal introvert reaching ca. % of inner capsule,
length to width ratio = 1.14.

Puparia (Fig 1e). Length 2.3 mm. Barrel-shaped, narrowed anteriorly and posteriorly,
without protuberances, ornaments or constrictions at the segmental borders. Anterior
spiracles inconspicuous, positioned at the front end. Intersegmental spines
predominantly single pointed and disposed in 4-5 rows. Caudal segment with an

elongated projection directed upward, where are placed the posterior spiracles.
For more measures and indices see Table 1.

Distribution. Known from the type locality (State of Rio de Janeiro, Brazil), Recife
(State of Pernambuco, Brazil) and from the Brazilian Institute of Geography and
Statistics (IBGE) Ecological Reserve (State of Goias, Brazil) (Roque & Tidon 2013;
Rogue et al. 2013).

Note. This species was recorded in the Cerrado biome by Roque & Tidon (2013) and
Roque et al. (2013). However, we are not sure of the identity of these individuals. Since
this species belongs to a sibling species complex, it is necessary to analyze the male or

female terminalia of each specimen to perform the species recognition.

Rhinoleucophenga fluminensis (Lima)

(Figures 3a-e, 4a-d, 5a-d, 6; Table 1)
Gitona fluminensis Lima, 1950: 249, 250 (figure 1), 251 (figure 2); Rhinoleucophenga
fluminensis Roque & Tidon, 2008: 97; Rhinoleucophenga fluminensis Roque & Tidon,
2013: 119 (table); Roque et al., 2013: 661, 663 (table).
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Material examined: LECTOTYPE (here designed): 01m# labeled “Gitona fluminensis
n. sp. / COTIPO / Theresopolis 21-3-37 C. L. col. / 3056 / #04m# /| LECTOTYPE”.
Terminalia disarticulated and stored in a microvial with glycerin and attached with the
pinned exemplar. PARALECTOTYPES (here designed): 05 labeled “Gitona
fluminensis n. sp. / COTIPO [/ Theresopolis 21-3-37 C. L. col. / 3056 /
PARALECTOTYPE”. Some specimens have the terminalia disarticulated and stored in
a microvial with glycerin and attached with the pinned exemplar. 01 slide with three
puparia labeled “Inst. Osw. Cruz, N. 3322, Divisdo 22, Caixa 111 / Inst. Osw. Cruz, No.
3056, Leucophenga [scratched]Gitona brasiliensis [scratched] C. H. fluminensis, C. L.
col. Therezopolis, 21.ii.937, C. H. prep. 18.iii.937, C.L. det. 1-1948”. 01 slide with
three puparia labeled “Inst. Osw. Cruz, N. 3323, Divisdo 23, Caixa 111 / Inst. Osw.
Cruz, No. 3056, Leucophenga [scratched] Gitona brasiliensis [scratched] fluminensis,
C. L. col. Therezopolis, 21.ii.937, C. H. prep. 18.1i1.937, C.L. det. 1-1948”. ”. 01 slide
with one puparium labeled “Inst. Osw. Cruz, N. 3324, Diviséo 24, Caixa 111 / Inst.
Osw. Cruz, No. 3056, Leucophenga [scratched] Gitona brasiliensis [scratched]
fluminensis, C. L. col. Therezopolis, 21.ii.937, C. H. prep. 18.iii.937, C.L. det. 1-1948”.
01 slide with f# terminalia labeled “Inst. Osw. Cruz, N. 3325, Divisdo 25, Caixa 111 /
Inst. Osw. Cruz, No. 3056, Gitona brasiliensis [scratched] fluminensis, Spermateca, C.
H. prep. 28.ii.937, C.L. det. 1-1948”. 01 slide with wing labeled “Instituto Oswaldo
Cruz, N. 4651, Divisdo 1, Caixa 156 / Instituto Oswaldo Cruz, No. 3056, Gitona
brasiliensis [scratched] fluminensis n. sp., s/ Orthezia, Terezopolis (E. Rio), 21.ii.1937,
C. L. prep. 1948, C.L. det. 1-1948”. 01 slide with head and f# terminalia labeled
“Instituto Oswaldo Cruz, N. 4652, Divisdo 2, Caixa 156 / Instituto Oswaldo Cruz, No.
3056, Gitona brasiliensis [scratched] fluminensis n. sp., s/ Orthezia, Terezopolis (E.
Rio), 21.ii.1937, C. L. prep. 1948, C.L. det. 1-1948”. 01 slide with f# terminalia labeled
“Instituto Oswaldo Cruz, N. 4653, Divisdo 3, Caixa 156 / Instituto Oswaldo Cruz, No.
3056, Gitona brasiliensis [scratched] fluminensis n. sp., s/ Orthezia, Terezopolis (E.
Rio), 21.i1.1937, C. L. prep. 1948, C.L. det. 1-1948”. All specimens were deposited in
the Colecdo Entomoldgica do Instituto Oswaldo Cruz (CEIOC)/ Fiocruz.

Diagnosis. Body yellowish; front covered with ca. 30 (28-30) scattered interfrontal
setulae. Top-to-bottom frontal width ratio 1.29 (1.20-1.38). Scutum covered with a

diffuse longitudinal light yellow stripe; hyaline wings; tergites with brown stripes
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interrupted medially. Body length 2.05 mm (2.00-2.20). Male aedeagus as in figure 4a-
d. Female terminalia as in figure 5a-d.

Description. Male and female present the same follow characteristics:

Head (Fig 3b, d-e). Front homogeneously yellow, covered with ca. 30 (28-30) scattered
interfrontal setulae; ocellar triangle yellow (or brownish in some specimens) with brown
ocelli. Carina nose-like and ca. 90% sulcated. Face and gena yellowish; antenna with
flagellomere and pedicel homogeneously yellow; arista pubescent with 6 dorsal
branches and 5 ventral branches plus terminal fork. Palpus yellowish with ca. 20 (15-
20) setae on lower part.

Thorax (Fig 3a-b). Scutum and scutellum yellow-brownish, scutum covered with a
diffuse longitudinal light yellow stripe. Eight irregular rows of acrostichal setulae. Two
pairs of prescutellar acrostichal setae, the central one is the longest. Pleura, halteres and

legs yellowish.
Wings (Fig 3c). Hyaline, without spots.

Abdomen. Abdomen proximally yellowish and distally brownish; tergites with brown

stripes interrupted medially.

Male terminalia (Fig 4a-d). Aedeagus curved ventral-dorsally with a membranous
projection dorsally; medially wider than the base and top. Epandrium microtrichose,

fused with surstyli with ca. 9 prensisetae. Cerci elongate, with ca. 26 setae each one.

Female terminalia (Fig 5a-d). Cerci long and well sclerotized with 4 longer apical setae
on each one. Epiproct with ca. 8 setae. Hypoproct with ca. 50 subequal setae.
Spermathecal capsule elongated with basal introvert reaching ca. 2/3 of inner capsule,
length to width ratio = 2.50.

Puparia (Fig 6). Length 2.0 mm. Barrel-shaped, narrowed anteriorly, without
protuberances, ornaments or constrictions at the segmental borders. Anterior spiracles
inconspicuous, positioned at the front end. Intersegmental spines predominantly single

pointed and disposed in 4-5 rows. Caudal segment rounded.

For more measures and indices see Table 1.
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Distribution. Known from the type locality (Teresopolis, State of Rio de Janeiro,
Brazil), and from the Brazilian Institute of Geography and Statistics (IBGE) Ecological
Reserve (State of Goias, Brazil) (Roque & Tidon 2008, 2013; Roque et al. 2013).

Note. As to R. brasiliensis, this species was recorded in the State of Goias by Roque &
Tidon (2008, 2013) and Roque et al. (2013). However, we are not sure of the identity of
these individuals. Since this species belongs to a sibling species complex, it is necessary
to analyze the male or female terminalia of each specimen to perform the species

recognition.

R. flava sp. nov.
(Figures 7a-d, 8a-d; Table 2)
Type series. Holotype: 1m# labelled “Rhinoleucophenga flava, HOLOTYPE m#;
Brazil, Recife, Reserva Ecologica de Dois Irm&os. 8°0'25"S 34°56'49"W, 2010 col.: J
Gomes; banana bait”. Postabdomen disarticulated stored in a microvial with glycerin
and attached with the respective specimen. The Holotype is stored in alcohol 100% and

deposited in the Colecdo Entomoldgica do Instituto Oswaldo Cruz (CEIOC)/ Fiocruz.

Diagnosis. Body yellow; front covered with ca. 30 scattered interfrontal setulae. Frontal
index 1.40. Carina nose-like not sulcated. Arista with long branches. Hyaline wings;
tergites with dark brown stripes interrupted medially. Body length ca. 2.30 mm. Male

terminalia as in figure 7a-d.

Description. Head (Fig 7c). Front homogeneously yellow, covered with ca. 30 scattered
interfrontal setulae; ocellar triangle yellow with brown ocelli. Carina nose-like not
sulcated. Face and gena vyellowish; antenna with flagellomere and pedicel
homogeneously yellow; arista with 5 long dorsal branches and 4 long ventral branches

plus terminal fork. Palpus yellowish.

Thorax (Fig 7a-b). Scutum and scutellum homogeneously yellow. Six irregular rows of
acrostichal setulae. One pair of prescutellar acrostichal setae. Pleura, halteres and legs

yellowish.

Wings (Fig 7d). Hyaline, without spots.
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Abdomen (Fig 7a-b). Abdomen proximally yellowish and distally brownish; tergites
with ca. ¥ covered by dark brown stripes interrupted medially.

Male terminalia (Fig 8a-d). Aedeagus with a triangular shape, wider in the base, dorsal-
ventrally curved. There is a thin apical projection ventrally, like a spicule. Epandrium
microtrichose, fused with surstyli with 20 prensisetae. Cerci round shaped, with ca. 20

setae each one, four larger ones.
For more measures and indices see Table 2.
Etymology. The species name refers to the word flavo that means yellow in Latin.

Type locality. Brazil, Recife, Reserva Ecologica de Dois Irmédos (8°00'25"S
34°56'49"W).

Distribution. Known only from the type locality.

Biology. Collected in banana-baited traps, in the Atlantic rainforest biome.

R. grimaldii sp. nov.

(Figures 9a-d, 10a-d; Table 2)
Type series. Holotype: 1m# labelled “Rhinoleucophenga grimaldii; HOLOTYPE m#;
Brazil, Bahia, Estagdo Ecologica Raso da Catarina/ Municipio de Paulo Afonso.
9°30'39"S 38°32'12"W, 22.iv.2012 col.: GF Oliveira; banana bait”. Postabdomen
disarticulated stored in a microvial with glycerin and attached with the respective
specimen. The Holotype is stored in alcohol 100% and deposited in the Colegéo
Entomologica do Instituto Oswaldo Cruz (CEIOC)/ Fiocruz.

Diagnosis. Body yellow; front covered with ca. 40 scattered interfrontal setulae. Frontal
index 1.10. Carina nose-like not sulcated. Arista with long branches. Ten irregular rows
of acrostichal setulae. Hyaline wings; tergites with dark brown stripes widely

interrupted medially. Body length ca. 2.85 mm. Male terminalia as in figure 10a-d.

Description. Head (Fig 9c¢). Front homogeneously yellow, covered with ca. 40 scattered
interfrontal setulae; ocellar triangle and ocelli homogeneously yellow. Carina nose-like

not sulcated. Face and gena yellowish; antenna with flagellomere and pedicel
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homogeneously yellow; arista with 6 long dorsal branches and 5 long ventral branches

plus terminal fork. Palpus yellowish.

Thorax (Fig 9a-b). Scutum and scutellum homogeneously yellow. Ten irregular rows of

acrostichal setulae. Pleura, halteres and legs yellowish.
Wings (Fig 9d). Hyaline, without spots.

Abdomen (Fig 9a). Abdomen proximally yellowish and distally brownish; tergites with

large dark brown stripes widely interrupted medially.

Male terminalia (Fig 10a-d). Aedeagus with an oval shape, with a triangular
membranous projection on dorsal side. Epandrium ventrally thin, fused with surstyli
with seven prensisetae. Cerci oval shaped, wider ventrally, with ca. 30 setae each one,

four larger ones.
For more measures and indices see Table 2.

Etymology. The species name is homage to the Professor Dr. David Grimaldi, who
developed important studies with Drosophilidae, contributing to the better

comprehension of the family diversity, taxonomy and evolution.

Type locality. Brazil, Bahia, Estagdo Ecoldgica Raso da Catarina/ Municipio de Paulo
Afonso (9°30'39"S 38°32'12"W).

Distribution. Known only from the type locality.

Biology. Collected in fermented-banana traps, in the Caatinga sensu strictu.

R. exigua sp. nov.
(Figures 11a-d, 12a-c; Table 2)
Material examined: Six dried specimens labeled “Rhinoleucophenga sp. Trinidad”.

Deposited in the Colecdo Entomoldgica do Instituto Oswaldo Cruz (CEIOC)/ Fiocruz.

Type series. Holotype: 1f# labelled “Rhinoleucophenga exigua; HOLOTYPE f#04;
Locality unknown. Det.: JL Poppe and MS Gottschalk; v.2014”. Postabdomen of
holotype and paratype #03 female disarticulated, stored in microvial with glycerin, on

the same pin with the respective specimens. 05 Paratypes labeled “Rhinoleucophenga
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exigua; PARATYPE #01 (up to five), sex (when was possible to determine it); Locality
unknown. Det.: JL Poppe and MS Gottschalk; v.2014”. All specimens were deposited in
the Colecdo Entomoldgica do Instituto Oswaldo Cruz (CEIOC)/ Fiocruz.

Diagnosis. Body yellow; front covered with ca. 32 scattered interfrontal setulae. Frontal
index 1.41 (1.38-1.48). Carina nose-like ca. 80% sulcated. Arista pubescent. Eight
irregular rows of acrostichal setulae. Hyaline wings; tergites with brown stripes
interrupted medially. Body length ca. 1.97 (1.70-2.16) mm. Female terminalia as in
figure 12a-c.

Description. Head (Fig 11b-c). Front homogeneously yellow, covered with ca. 32 (30-
34) scattered interfrontal setulae; ocellar triangle yellow with brown ocelli. Carina nose-
like and ca. 80% sulcated. Face and gena yellowish; antenna with flagellomere and
pedicel homogeneously yellow; arista pubescent with 5 dorsal branches and 4 ventral
branches plus terminal fork. Palpus yellowish with ca. 16 (15-16) setae on lower part.

Thorax (Fig 11a, c). Scutum yellow, scutellum brownish. Eight irregular rows of
acrostichal setulae. Two pairs of prescutellar acrostichal setae, the central one is the

longest. Pleura, halteres and legs yellowish.
Wings (Fig 11d). Hyaline, without spots.

Abdomen. Abdomen proximally yellowish and distally brownish; tergites with brown

stripes interrupted medially.

Female terminalia (Fig 12a-c). Cerci long and well sclerotized with 4 longer apical setae
on each one. Epiproct with ca. 8 setae. Hypoproct with ca. 20 subequal setae and 10
apical longer ones. Spermathecal capsule round shaped with basal introvert reaching ca.
2/3 of inner capsule, length to width ratio = 1.00.

For more measures and indices see Table 2.
Etymology. The species name refers to the word exiguus that means small in Latin.

Type locality. Unknown. However, we believe it is from Trinidad Island, from Trinidad
and Tobago, next to the Northeast coast of Venezuela. This is because the specimens’

original label “Rhinoleucophenga sp. Trinidad”.

Distribution. Probably Trinidad Island, Trinidad and Tobago.
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Biology. Collect method unknown.

3.1.6. DISCUSSION

The high number of new species recently proposed to Rhinoleucophenga
(Junges & Gottschalk 2014; Poppe et al. 2014, 2015) anticipated the need of reviewing
old descriptions, mainly to avoid future taxonomic problems of spurious data of new
Species or occurrence records.

Rhinoleucophenga brasiliensis and R. fluminensis are very small yellow species.
They are similar in general body color with R. subradiata Duda and R. joaquina
Schmitz, Gottschalk & Valente. Rhinoleucophenga brasiliensis presents arista with
micropubescent branches as R. joaquina, while R. fluminensis presents arista with
pubescent branches as R. subradiata. But R. brasiliensis and R. fluminensis differ from
these species by their body size, number of arista branches, number of rows of
acrostichal setulae and terminalia characteristics.

Lima (1950) presented in the figure 3 of his manuscript two different
spermathecal capsules as belonging to R. brasiliensis. The first pair (left) he mentioned
as from Rio de Janeiro, and it is in accordance with the spermathecal capsule found in
the specimen disarticulated by us (figure 2c). However, we were allowed to dissect only
one specimen, precluding us to reject the presence of a sibling species in the type series,
which would be represented by the right pair of spermathecal capsules in the Lima’s
manuscript (mentioned as from Recife).

Regarding the type series of R. brasiliensis, Lima (1950) designed six cotypes
from Rio de Janeiro. However, the specimens studied here present paratype labels, even
being the material collected in Recife and originally not mentioned as type series.
Unfortunately, we could not access the material type mentioned by Lima (1950), since it
is probably placed in the Colecdo Costa Lima of the Universidade Federal Rural do Rio
de Janeiro.

The dissected female of R. fluminensis presented an elongated spermathecal
capsule (figure 5c¢). But in the same series of R. fluminensis there was a slide with a pair
of shorter spermathecal capsules (figure 5d); both spermathecal capsules present the

same internal introvert length and basal capsule width. It could represent a technical
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artifact of the slide preparation due to specimens conditions (probably newly emerging)
or even the presence of other misidentified species in the series type.

The Rhinoleucophenga yellow species are all similar to each other.
Rhinoleucophenga flava sp nov. resembles R. brasiliensis and R. fluminensis by its
small size and general yellow coloration. But it differs from them by its carina, which
not sulcated and by the arista with long branches. Furthermore, it differs of all other
know species of Rhinoleucophenga for its aedeagus and epandrium morphology.

Rhinoleucophenga grimaldii sp nov. is similar to R. flava sp nov. due its carina
not sulcated. But it differs from the other yellow Rhinoleucophenga species for its large
and widely interrupted tergites stripes, its larger body size, higher number of rows of
acrostichal setulae and aedeagus and epandrium morphology.

Rhinoleucophenga exigua sp nov. is very similar to R. fluminensis, but differs
from this for presenting a smaller number of arista branches, scutum not covered with a
longitudinal stripe and spermathecal capsule not elongated. The length of arista
branches (pubescent) is also important to differentiate R. exigua sp nov. from R.
brasiliensis, R. flava sp nov. and R. grimaldii sp nov.

Therefore, a set of very similar small yellow species of Rhinoleucophenga has
been found in the Neotropical region. Thus, the new species presented here and those
redescribed imposed us the further need of reviewing some distributional data. The
Brazilian savannah is an environment of high diversity of Rhinoleucophenga, but the
records of R. brasiliensis and R. fluminensis (Roque & Tidon 2008, 2013; Roque et al.
2013) should be reanalyzed now, since Cerrado is the only biome with records of both
species out of their type locality, and also due the present description of a set of very

similar species.
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3.1.9. FIGURES

Figure 1. Rhinoleucophanga brasiliensis (Lima 1950), paratype. a: general habitus,
dorsal view; b: head and thorax, frontal-lateral view; c: wing; d: head of the specimen
on slide n° 3078, lateral view; e: puparium of the slide n® 3058, dorsal view (scale bar
1.0 mm, except in d: 0.5 mm).
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Figure 2: Rhinoleucophenga brasiliensis (Lima 1950). Female terminalia, a: posterior

view; b: lateral view; c: spermathecal capsule (scale bar 0.1 mm).
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Figure 3: Rhinoleucophenga fluminensis (Lima 1950). Paralectotype, a: general habitus,
dorsal view; b: general habitus, lateral view; c: wing; d: head, frontal view; e: antennae

of the slide n°® 4652, lateral view (scale bar 1.0 mm, except in e: 0.2 mm).
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Figure 4: Rhinoleucophenga fluminensis (Lima 1950). Male terminalia, a: aedeagus,
dorsal view; b: aedeagus, lateral view; c: aedeagus, ventral view; d: epandrium,

posterior view (scale bar 0.1 mm).
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Figure 5: Rhinoleucophenga fluminensis (Lima 1950). Female terminalia, a: ventral
view; b: dorsal view; c: spermathecal capsule; d: spermathecal capsule, from the storage
slide labeled “R. fluminensis. 4652/ 3056 (scale bar 0.1 mm).
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Figure 6: Rhinoleucophenga fluminensis (Lima 1950). Puparium of the slide n° 3322,
dorsal view (scale bar 1.0 mm).
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Figure 7: Rhinoleucophenga flava sp. nov. Holotype in alcohol, a: general habitus,
dorsal view; b: general habitus, lateral view; c: head, frontal view; d: wing (scale bar 1.0

mm, except in ¢: 0.5 mm).
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Figure 8: Rhinoleucophenga flava sp. nov. Male terminalia, a: aedeagus, dorsal view; b:

aedeagus, lateral view; c: aedeagus, ventral view; d: epandrium (scale bar 0.1 mm).
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Figure 9: Rhinoleucophenga grimaldii sp. nov. Holotype in alcohol, a: general habitus,
lateral-dorsal view; b: thorax, dorsal view; c: head, frontal view; d: wing; (scale bar 1.0

mm, except in ¢: 0.5 mm).
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Figure 10 Rhinoleucophenga grimaldii sp. nov. Male terminalia, a: aedeagus, ventral
view; b: aedeagus, lateral view; c: aedeagus, dorsal view; d: epandrium (scale bar 0.1

mm).
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Figure 11: Rhinoleucophenga exigua sp. nov. Holotype, a: general habitus, dorsal view;
b: head, frontal view; c: general habitus, lateral view; d: wing (scale bar 1.0 mm, except
in b: 0.5 mm).
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Figure 12: Rhinoleucophenga exigua sp nov. Female terminalia, a: dorsal view; b: ventral view;

c: spermathecal capsule (scale bar 0.1 mm).
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3.1.10. TABLES
Table 1: Complementary measures and indices to the Rhinoleucophenga brasiliensis (Lima 1950) and R. fluminensis (Lima 1950). Indices

according to Béchli et al. (2004). *: measures in millimeters (mm).

Lote number: 2858 Lote number: 3056

R. R. R. R. R. R. R. R. R. R. R. R. R.
brasiliensis brasiliensis brasiliensis brasiliensis brasiliensis brasiliensis brasiliensis  fluminensis fluminensis fluminensis fluminensis fluminensis fluminensis
#HO1 f# #02 f# #03 f# #04 #05 m# HO6 f# #07 #01 m# #HO2 f# #03 f# #04 m# #0O5 m# #06 m#
Lectotype

HEAD
Frontal length * 0.30 0.38 0.30 0.38 - 0.32 0.30 0.40 0.38 0.34 0.38 0.38 0.38
Frontal index - - 2.59 2.23 - 2.00 - 2.53 2.47 - 2.69 2.53 2.67
Top-to-bottom
frontal width - 1.21 1.27 1.08 1.08 1.17 1.30 1.27 - - 1.35 1.20 1.38
ratio
Ocellar triangle
to front length - 0.45 0.47 0.39 - 0.38 0.40 0.40 0.45 0.47 0.42 0.45 0.47
ratio
faettlze or/or3 0.93 - 0.88 - 0.70 0.97 1.00 0.77 0.85 0.85 - 0.85 -
f:*::ae or2/orl 0.71 0.70 0.80 - 0.86 0.71 0.67 1.00 0.91 0.91 - 0.91 0.91
Vibrissal index 0.46 - 0.36 0.33 - - - - 0.44 0.44 0.44 0.47 -
Cheek index 6.29 - 7.67 8.33 - 7.33 - 11.67 11.33 12.80 10.67 11.33 -
Eye index 1.38 1.33 1.35 1.25 1.20 1.29 1.40 1.75 1.36 1.68 1.39 1.42 1.42
THORAX
Thorax length* 2.45 2.00 2.23 2.36 2.37 2.17 2.75 1.83 2.29 2.31 2.35 2.35 2.31
Strongest
prescutellar
acrostichal 60.00 36.00 53.00 - 50.00 - 54.00 54.00 54.00 52.00 54.00 58.00 -

setae, % length
related to
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posterior
dorsocentral
setae
Dorsocentral
setae,transverse
distance related 2.33X 2.14X 2.40X 2.14X 2.14X 2.40X 2.66X 3.00X 3.00X - - 3.50X -
to longitudinal
distance
Sterno index 1.00 - 1.00 1.00 1.00 1.11 1.00 1.00 1.00 - 1.00 1.00 -
WING
Length* 1.50 - 1.30 - - 1.50 1.40 2.08 2.10 2.00 2.20 2.08 -
Width*

0.70 - 0.56 - 0.68 - 0.60 0.86 0.94 0.84 - 1.00 -
WING INDICES
C 2.29 - 2.35 - - 2.24 2.56 - 2.86 3.00 - 3.10 -
Hb 0.76 - 0.59 - - 0.59 0.63 - 0.52 0.35 - 0.33 -
Ac 0.17 - 1.79 - - - 1.60 - 1.75 1.82 - 1.62 -
4c - - - - - - - - 1.31 1.43 - 1.31 -
4v - - - - - - - - 3.38 3.57 - 3.25 -
5x 2.71 - 2.86 - - - - - 2.63 3.00 - 2.30 -
M - - - - - - - - 1.31 1.50 - 1.44 -
prox.x - - - - - - - - 1.03 1.14 - 1.06 -

Body length* - - 1.50 - 1.70 1.50 1.44 2.00 - - 2.00 2.20 2.00




Table 2: Complementary measures and indices to Rhinoleucophenga flava sp nov., R. grimaldii sp nov. and R. exigua sp nov. Indices

according to Bé&chli et al. (2004). *: measures in millimeters (mm).
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Rhinoleucophenga sp. nov.

R. flava R. grimaldii R. exigua #01 R. exigua #02 R. exigua #03 f# R. exigua #04 f# R. exigua R. exigua

Holotype Holotype Holotype #05 #06
HEAD
Frontal length * 0.42 0.44 0.44 0.40 0.42 0.42 0.36 0.36
Frontal index 1.40 1.10 1.42 1.48 1.40 1.31 1.44 1.38
Top-to-bottom frontal width ratio 1.13 1.05 1.16 1.19 1.17 1.19 1.20 1.15
Ocellar triangle to front length ratio 0.38 0.41 0.41 0.45 0.43 0.43 0.44 0.44
Setae orl/or3 ratio 1.40 - - - - - - -
Setae or2/or1 ratio 0.57 - - - - 0.57 0.76 -
Vibrissal index 0.57 0.30 0.37 0.32 - 0.32 0.35 0.33
Cheek index 10.67 8.75 11.67 10.67 11.00 9.71 8.29 -
Eye index 1.28 1.35 1.40 1.39 1.32 1.31 1.32 1.28
THORAX
Thorax length* 1.12 1.30 1.16 1.04 1.15 1.13 0.92 0.95
Strongest prescutellar acrostichal - - 50.00 43.48 52.08 - - 52.38
setae, % length related to posterior
dorsocentral setae
Dorsocentral setae,transverse 2.85X 5.00X 3.80X 2.76X 2.57X 2.66X 3.11X 2.83X
distance related to longitudinal
distance
Sterno index 1.00 - 0.94 0.94 0.97 1.00 0.93 1.00

WING
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Length* 2.10 2.40 2.20 2.00 - 2.08 - 1.90
Width* 0.85 1.10 0.90 0.84 0.88 0.84 0.80 0.78
WING INDICES

C 2.67 3.22 2.59 2.36 - 2.36 - 2.33
Hb 0.57 0.52 0.45 - - 0.50 - 0.48
Ac 1.75 1.35 1.76 191 - 1.83 - 191
4c 1.31 0.92 1.47 1.38 - 1.42 - 1.62
4v 2.94 2.00 3.27 2.75 - 3.03 - 3.31
5x 1.65 1.25 1.67 1.67 2.12 2.00 2.86 2.13
M 1.03 0.60 1.00 0.94 1.20 1.10 1.67 1.23
prox.x 1.13 0.80 1.20 1.00 1.07 1.19 1.04 1.15

Body length* 2.30 2.85 2.16 1.92 2.10 2.12 1.70 1.80




125

4. CAPITULO IV

(Manuscrito para submisséo ao periddico Zootaxa)
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4.1.1. ABSTRACT

The genus Rhinoleucophenga Hendel comprises 29 nominal species with New World
distribution. In the present study five species are redescribed: Rhinoleucophenga
personata Malogolowkin; R. lopesi Malogolowkin; R. angustifrons Malogolowkin; R.
matogrossensis Malogolowkin and R. nigrescens Malogolowkin. R. capixabensis Culik
& Ventura is proposed as a new junior synonymy of R. lopesi. Other species, R.
jacareacanga sp. nov., is described from the specimens deposited at CEIOC/Fiocruz.
The description of new species and review of some former descriptions of
Rhinoleucophenga is indispensable since the distribution records of some species are
doubtful.

KEY WORDS: Drosophila, Gitona, Gitonini, Steganinae.
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4.1.2. RESUMO

O genero Rhinoleucophenga Hendel é composto por 29 espécies com distribuicdo no
Novo Mundo. No presente estudo cinco espécies sdo redescritas: Rhinoleucophenga
personata Malogolowkin; R. lopesi Malogolowkin; R. angustifrons Malogolowkin; R.
matogrossensis Malogolowkin e R. nigrescens Malogolowkin. R. capixabensis Culik &
Ventura € proposta como um novo sindnimo junior de R. lopesi. Outra espécie, R.
jacareacanga sp. nov., € descrita a partir de espécimes depositados no CEIOC/Fiocruz.
A descricdo de novas espécies e a revisdo de algumas descricbes antigas de
Rhinoleucophenga € indispensavel, uma vez que os registros de distribuicdo de algumas
espécies sdo duvidosos.

PALAVRAS-CHAVE: Drosophila, Gitona, Gitonini, Steganinae.

4.1.3. INTRODUCTION

Currently, the new world genus Rhinoleucophenga Hendel comprises 29
nominal species (Poppe et al. 2015; Vidal & Vilela 2015). As most of these species
were described in the first half of the 20th century (Duda 1927, 1929; Lima 1935, 1950;
Malogolowkin 1946), many of them lack better morphological characterization in their
descriptions. Thus, some problems associated with the species identification and their
geographical distribution have been noticed (Vilela 1990; Poppe et al. 2015).

Many species from the Neotropical fauna of Rhinoleucophenga were described
by Malogolowkin (1946), and their type series were deposited in the Entomological
Collection of the Instituto Oswaldo Cruz (CEIOC) in Brazil. The most part of the
Rhinoleucophenga type series were destroyed in an episode known as the “Massacre de
Manguinhos” (Massacre of Manguinhos) (Costa et al. 2008). As a consequence, it has
become even more difficult to identify and establish the geographical distribution of the
species proposed by Malogolowkin (1946).

Recently many species of Rhinoleucophenga have been described, including
sibling sets of species (Poppe et al. 2015). In the current conditions, the conference and
the complementarity of old descriptions are necessary to avoid synonymy description
processes and misidentifications or even uncertainties about the geographical
distribution of some species.

Considering the current patterns of species description, the present study aims to
redescribe Rhinoleucophenga personata Malogolowkin 1946; R. lopesi Malogolowkin

1946; R. angustifrons Malogolowkin 1946; R. matogrossensis Malogolowkin 1946 and
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R. nigrescens Malogolowkin 1946 and to describe R. jacareacanga sp. nov. We also
provide a new junior synonymy and comments about the distribution of some species in

the Brazilian territory.

4.1.4. MATERIALS AND METHODS

We consulted specimens from the Cole¢do Entomoldgica do Instituto Oswaldo
Cruz (CEIOC), Rio de Janeiro, Brazil; Museu Nacional do Rio de Janeiro (MNRJ), Rio
de Janeiro, Brazil; and Colecdo Entomoldgica da Universidade Federal do Espirito
Santo (UFES). Additionally, ten specimens of Rhinoleucophenga capixabensis Culik &
Ventura collected in municipality of Tangard da Serra, State of Mato Grosso, Brazil
(14°39°05”S; 57°25°25”W), and a specimen from the Ecological Reserve of Raso da
Catarina, municipality of Paulo Afonso, Bahia, Brazil (9°30'39"S 38°32'12"W) had
their morphology analyzed.

The terminology and the morphology analysis were based on measures and
indices given by Bachli et al. (2004), which were done with an ocular reticle inserted
into a stereomicroscope. Males’ terminalia were disarticulated in glycerol after
treatment with 10% potassium hydroxide (KOH) and acid fuchsine (Bachli et al. 2004).
The genitalia were mounted in a piece of glycerine jelly (ca. 2 x 2 x 2 mm) (Grimaldi
1987), stored in microvials with glycerol and pinned with the respective specimen.
Photos of the specimens were taken with a digital camera coupled to an optical
stereomicroscope. Drawings of the genitalia were made with a camera lucida system
attached to a compound microscope with 40x and 10x objective lenses and a 10x ocular
lens. We transcribed the type specimens’ labels in full and backslash indicates label

change.
4.15. RESULTS
Rhinoleucophenga Hendel
Rhinoleucophenga Hendel, 1917: 44-45
Pseudophortica Sturtevant, 1918: 37

Gitona (in New world) Brake & Bdchli, 2008: 291

Rhinoleucophenga personata Malogolowkin 1946
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(Figures 1a-d; 2a-d; 3a-d; Table 1)
Rhinoleucophenga personata Malogolowkin 1946: 417 (key), 422, 423 (figures 11-13);
Rhinoleucophenga personata Mata et al., 2008: 57, 58 (table).

Material examined: HOLOTYPE (dried mounted material, deposited in CEIOC)
labeled “Rhinoleucophenga personata DET - Ch. Malogolowkin Rio, 5-946 \ Salobra
jan. 941 Mato Grosso Com. I1.O.C. \ Inst. Osw. Cruz N° 8122 \ Holotypus”.
PARATYPE (dried mounted material, deposited in CEIOC) labeled “Rhinoleucophenga
personata DET. Chana Malogolowkin Rio, V.946 \ Salobra jan. 941 Mato Grosso Com.
I.O.C.\ Inst. Osw. Cruz N° 8123 \ PARATIPO”. Both specimens were with their

terminalia disarticulated and lost.

Diagnosis. General body color brown; front covered with ca. 28 scattered interfrontal
setulae. Top-to-bottom frontal width ratio 1.05 (1.03-1.06); gena brownish with an
irregular brown spot. Scutum covered with a longitudinal dark brown stripe; hyaline
wings; tergites with large brown stripes widely interrupted medially. Femur proximally
brown and distally brownish. Body length ca. 3.87 mm (3.60-4.15).

Description. Holotype and paratype present the same follow characteristics:

Head (Fig 1a, c). Front ventrally brownish and superiorly brown, covered with ca. 28
scattered interfrontal setulae; ocellar triangle and ocelli brown. Carina nose-like and ca.
75% sulcated. Face brownish; gena brownish with an irregular brown spot; antenna with
flagellomere proximally brownish and distally brown, pedicel dark brown; arista with 7
long dorsal branches and 5 long ventral branches plus terminal fork. Palpus yellowish

with ca. 30 (25-30) setae on lower part.

Thorax (Fig 1b-c). Scutum brown and scutellum dark brown, scutum covered with a
longitudinal dark brown stripe. Ten irregular rows of acrostichal setulae. Two pairs of
prescutellar acrostichal setae. Pleura dark brown and halteres yellowish. Legs brownish

(femur proximally brown and distally brownish).
Wings (Fig 1c). Hyaline, without spots.

Abdomen (Fig 1d). Tergites 11-V with large brown stripes widely interrupted medially.
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Male terminalia. In the manuscript of Malogolowkin (1946) it is possible to notice an
aedeagus ring-like shaped, epandrium with an elongated ventral lobe and ca. 13

prensisetae.
For more measures and indices see Table 1.

Distribution. Known from the type locality (probably Salobra, a district of municipality
of Miranda in the State of Mato Grosso do Sul, Brazil) and from the Ecological Reserve
of Raso da Catarina, Municipality of Paulo Afonso, Bahia, Brazil (9°30'39"S
38°32'12"W). Mata et al. (2008) recorded this species in the Parand Valley, Central
region of Brazil but the exact locality was not mentioned.

Note. A specimen from Ecological Reserve of Raso da Catarina, Municipality of Paulo
Afonso, Bahia, Brazil (9°30'39"S 38°32'12"W) collected by G.F. Oliveira, was
reviewed and had the morphology described (Fig 2a-d). The specimen (conserved in
ethanol 70%) presents the same external morphological characters of R. personata,
except by the number of scattered interfrontal setulae ca. 50 and the palpus with ca. 40
setae on lower part. The male terminalia (Fig 3a-d) is characterized by aedeagus ring
like, wider medially, with a dorsal sclerotized structure shaped like a “duck’s bill”.
Epandrium microtrichose with ca. seven upper and 15 longer lower setae on each side.
Ventral lobe elongated. Surstylus with 12 prensisetae. Cerci elongated, with ca. 30 setae
each one, eight longer setae in the apical portion. Complementary measures and indices
on Table 1.

Rhinoleucophenga lopesi Malogolowkin 1946
(Figures 4a-d; 5a-d; 6a-b; 7; 8a-d; Table 1)
Rhinoleucophenga lopesi Malogolowkin 1946: 417 (key), 424 (figures 14-15);
Rhinoleucophenga sp.1 (Blauth and Gottschalk, 2007);
Rhinoleucophenga lopesi Mata et al., 2008: 57, 58 (table);
Rhinoleucophenga capixabensis Culik and Ventura, 2009: 418 (NEW SYNONYMY).

Material examined: HOLOTYPE f# labeled (dried mounted material, deposited in
CEIOC) labeled “Rhinoleucophenga lopesi DET - Chana Malogolowkin Rio V-946 \
Brasil, Rio de Janeiro, 8-934, H. Souza Lopes \ Inst. Oew. Cruz n® 8.125 \
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HOLOTYPUS”. The right wing, I11-VI1 tergites and the terminalia were disarticulated
and lost. Holotype of R. capixabensis (in ethanol 70%, deposited in MNRJ) labeled
“Brasil, Espirito Santo, Cachoeiro de Itapemirim, INCAPER FE Pacotuba 16.1.2008,
col. M.P. Culik ex. A. comosus + D. brevipes Rhinoleucophenga capixabensis
HOLOTYPE” and 05 paratypes of R. capixabensis (in ethanol 70%, 03 deposited in
MNRJ and 02 deposited in UFES) labeled “Brasil, Espirito Santo, Cachoeiro de
Itapemirim, INCAPER FE Pacotuba 16.1.2008, col. M.P. Culik ex. A. comosus + D.
brevipes Rhinoleucophenga capixabensis PARATYPE”.

Diagnosis. General body color brown; front covered with ca. 40 scattered interfrontal
setulae. Top-to-bottom frontal width ratio about 1.00; gena brownish with an irregular

brown spot. Hyaline wings; tergite 1l and I11 with brown stripes interrupted medially.

Description. Based on the holotype. Head (Fig 4a, c). Front homogeneously brownish,
covered with ca. 40 scattered interfrontal setulae; ocellar triangle brownish with dark
brown ocelli. Carina nose-like and ca. 90% sulcated. Face brownish; gena brownish
with an irregular brown spot; antenna with pedicel yellow. Palpus yellowish with ca. 20

(15-20) setae on lower part. Arista lost.

Thorax (Fig 4b-c). Scutum brownish and scutellum brown. Ten irregular rows of
acrostichal setulae. Three pairs of prescutellar acrostichal setae. Pleura brown and

halteres yellowish. Legs brownish.

Wings (Fig 4d). Hyaline, without spots.

Abdomen. Abdomen brownish; tergite Il with brown stripes interrupted medially.
Terminalia unknown.

For more measures and indices see Table 1.

Note. We analyzed the holotype and five paratypes of R. capixabensis (the holotypus
and two paratypes (Fig. 5a-d and 6) with measurements presented in Table 1) and ten
specimens collected in the municipality of Tangara da Serra, State of Mato Grosso,
Brasil (14°39°05”’S; 57°25°25”W) (measurements presented in Table 1). Both the type
specimens of R. capixabensis and the specimens collected in State of Mato Grosso
present similar morphological characters with the holotypus of R. lopesi. Aristae of

these specimens with 5-6 dorsal and 3-4 ventral branches. The male terminalia of a
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paratype of R. capixabensis (Fig. 7a-b) and of the five specimens collected in State of
Mato Grosso (Fig. 8a-d) were similar, with the ringed-shape aedeagus typical of
Rhinoleucophenga. The epandrium is microtricose, with c.a. 60 upper+lower setae.
Large cerci, free and ventrally folded. Surstyli fused with epandrium with 16-18
prensisetae. Aedeagus dorsoventrally flattened, with narrowed apex. Two long
paraphysis projected anteriorly from the aedeagal apodeme, bearing the hypandrium,
with three setulae in apical region. Hypandrium slightly concave, rounding aedeagus,

with a cleft in posterior and two lateral projections.

Distribution. Brazil (States of Rio de Janeiro, Mato Grosso, Espirito Santo). Mata et al.
(2008) recorded this species in Parana Valley, Central region of Brazil, but the exact

locality was not mentioned.

Rhinoleucophenga angustifrons Malogolowkin 1946
(Figures 9a-e; Table 1)
Rhinoleucophenga angustifrons Malogolowkin 1946: 417 (key), 424 (figures 16-17),
425-426;
Rhinoleucophenga angustifrons Roque & Tidon, 2008: 97.

Material examined: HOLOTYPE f# (dried and mounted specimen, deposited in
CEIOC) labeled “Rhinoleucophenga angustifrons DET - Chana Malogolowkin Rio V-
946 \ BRASIL JUSSARAL X-934 L. TRAV. ET LOPES \ Inst. Osw. Cruz n°® 8.121 \
HOLOTYPUS. Left wing, posterior right leg and terminalia were disarticulated and

lost.

Diagnosis. Body yellow; front covered with ca. 40 scattered interfrontal setulae. Frontal
index 2.83; carina nose-like and ca. 50% sulcated. Hyaline wings; tergites with brown

stripes interrupted medially. Body length ca. 2.50 mm.

Description. Head (Fig 9c). Front homogeneously yellowish, covered with ca. 40
scattered interfrontal setulae; ocellar triangle yellow with brown ocelli. Carina nose-like
and ca. 50% sulcated. Face and gena yellowish; antenna with flagellomore and pedicel
homogeneously brownish; arista with 7 long dorsal branches and 6 long ventral
branches. Palpus yellowish with ca. 15 setae on lower part.
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Thorax (Fig 9a-b). Scutum and scutellum homogeneously yellow. Ten irregular rows of
acrostichal setulae. One pair of prescutellar acrostichal setae. Pleura brownish; halteres

yellowish. Legs homogeneously yellow.
Wings (Fig 9e). Hyaline, without spots.

Abdomen (Fig 9d). Tergites IlI-111 yellowish and tergites IVV-V brownish; with brown

stripes interrupted medially.

Terminalia unknown.

For more measures and indices see Table 1.

Distribution. Known only from the type locality (State of Rio de Janeiro, Brazil).

Note. Rhinoleucophenga angustifrons recorded by Roque & Tidon (2008) was analyzed

and it is not a Rhinoleucophenga species, probably a Leucophenga Mik specimen.

Rhinoleucophenga matogrossensis Malogolowkin 1946
(Figure 10a-d; Table 1)
Rhinoleucophenga matogrossensis Malogolowkin 1946: 417 (key), 419 (figure 9), 420.

Material examined: HOLOTYPE m# (dried and mounted specimen, deposited in
CEIOC) labeled “Rhinoleucophenga matogrossensis DET - Chana Malogolowkin Rio,
5-946 \ Salobra 30-8-40 Mato-Grosso Com. I.O.C. \ Inst. Osw. Cruz n° 8.124 \
HOLOTYPUS”. Right wing and terminalia were disarticulated and lost.

Diagnosis. General body color brown; front covered with ca. 180 scattered interfrontal
setulae. Frontal index 1.53; Carina nose-like and ca. 90% sulcated. Hyaline wings;
tergites with dark brown stripes interrupted on tergites Il-111 and continuous on tergites

IV-VI. Legs homogeneously yellow. Body length ca. 6.25 mm.

Description. Head (Fig 10c). Front ventrally brown and superiorly brownish, covered
with ca. 180 scattered interfrontal setulae; ocellar triangle brownish with brown ocelli.
Carina nose-like and ca. 90% sulcated. Face yellowish; gena brownish; antenna with
flagellomore and pedicel homogeneously brownish; arista with 9 long dorsal branches

and 6 long ventral branches. Palpus yellowish with more than 50 setae on lower part.
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Thorax (Fig 10a-b). Scutum and scutellum homogeneously brownish. 12 irregular rows
of acrostichal setulae. Four pairs of prescutellar acrostichal setae, the central one is the

shortest. Pleura brown and halteres brownish. Legs homogeneously yellow.
Wings (Fig 10d). Hyaline, without spots.

Abdomen. Abdomen proximally brown and distally dark brown; tergites 11-111 with dark

brown stripes interrupted medially, tergite V-V with continuous stripes.
Terminalia unknown.
For more measures and indices see Table 1.

Distribution. Known only from the type locality (probably Salobra, a district of the

municipality of Miranda, Mato Grosso do Sul, Brazil).

Rhinoleucophenga nigrescens Malogolowkin 1946
(Figures 11a-e; Table 1)
Rhinoleucophenga nigrescens Malogolowkin 1946: 417 (key), 421 (figure 10), 422.

Material examined: HOLOTYPE f# (dried and mounted specimen, deposited in
CEIOC) labeled “Rhinoleucophenga nigrescens DET - Chana Malogolowkin Rio, V-
946 \ Inst. Osw. Cruz n° 8.120 \ HOLOTYPUS”. Right wing, posterior left leg and

terminalia were disarticulated and lost.

Diagnosis. Body dark brown; front covered with ca. 200 scattered interfrontal setulae.
Frontal index 1.56; Carina nose-like and ca. 80% sulcated. Hyaline wings; abdomen

dark brown-black, continuous tergites stripes. Body length ca. 6.50 mm.

Description. Head (Fig 11a). Front ventrally dark brown and superiorly brown, covered
with ca. 200 scattered interfrontal setulae; ocellar triangle and ocelli dark brown. Carina
nose-like and ca. 80% sulcated. Face brownish; gena brown; antenna with flagellomore
and pedicel homogeneously brownish; arista with 11 long dorsal branches and 7 long

ventral branches. Palpus brownish with ca. 40 setae on lower part.
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Thorax (Fig 11c-d). Scutum and scutellum homogeneously dark brown. 10 irregular
rows of acrostichal setulae. Four pairs of prescutellar acrostichal setae, the central one is

the longest. Pleura and halteres brown. Legs homogeneously brown.
Wings (Fig 11b). Hyaline, without spots.

Abdomen (Fig 11e). Abdomen proximally dark brown and distally black, tergites with

stripes continuous.
Terminalia unknown.
For more measures and indices see Table 1.

Distribution. Known only from the type locality (probably Salobra, a district of the

municipality of Miranda, Mato Grosso do Sul, Brazil).

R. jacareacanga sp nov. Poppe, Valente & Gottschalk

(Figures 12a-e; 13a-d; Table 1)
Material examined. Two dried male specimens labeled “Jacareacanga, Para, Brasil. M.
Alvarenga, xii.1968”. Deposited in CEIOC.

Type series. Holotype: 1m# (dried and mounted specimen, deposited in CEIOC)
labeled “Jacareacanga \ Pard, Brasil \ DET — M. Alvarenga \ X.68 \ Inst. Osw. Cruz n°
8.120 \ HOLOTYPUS”. Additionally labeled as “Rhinoleucophenga jacareacanga;
HOLOTYPE m#; State of Pard, Brazil. Det.: JL Poppe and MS Gottschalk; v.2014”.
Postabdomen dissected stored in a microvial with glycerin, on the same pin with the
respective specimen. Paratype: 1m# (dried and mounted specimen, deposited in
CEIOC) labeled “Jacareacanga \ Para, Brasil \ DET — M. Alvarenga \ X.68 \ Inst. Osw.
Cruz n° 8.120 \ HOLOTYPUS”. Additionally labeled as ‘“Rhinoleucophenga
jacareacanga; PARATYPE; State of Pard, Brazil. Det.: JL Poppe and MS Gottschalk;
v.2014”. All specimens were deposited in Cole¢do Entomolégica do Instituto Oswaldo
Cruz (CEIOC), Fiocruz.

Diagnosis. Body brown; front covered with ca. 80 scattered interfrontal setulae. Carina
nose-like ca. 90% sulcated. Arista with 15 long dorsal branches and 11 long ventral
branches plus terminal fork. Twelve irregular rows of acrostichal setulae. Clouded
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wings with M curved to Ra.s; tergites with dark brown stripes interrupted medially in
the tergite Il and continuous from the tergites Ill. Body length 6.00 mm. Male
terminalia as in figure 13a-d.

Description. Head (Fig 12a, d). Front homogeneously brown, covered with ca. 80
scattered interfrontal setulae; ocellar triangle brown with dark brown ocelli. Carina
nose-like and ca. 90% sulcated. Face and gena brown; antenna with flagellomere
homogeneously brown and pedicel brownish; arista with 15 long dorsal branches and 11

long ventral branches plus terminal fork. Palpus brown with ca. 36 setae on lower part.

Thorax (Fig 12a-b). Scutum brown, scutellum brownish and marginally brown. Twelve
irregular rows of acrostichal setulae. Three pairs of prescutellar acrostichal setae, the
central one is the longest. Pleura and legs brown; halters brownish.

Wings (Fig 12e). Brownish, with brown clouded around the veins Ry.3, C I, C Ill, Rass
apical distally, M 11I, M 1V and Dm-Cu.

Abdomen (Fig 12c). Abdomen proximally brownish and distally brown; tergites with
dark brown stripes interrupted medially in the tergite 11 and continuous from the tergites
I"i.

Male terminalia (Fig 13a-d) aedeagus shaped like a “water drop”, elongated, wider
basally. Slightly curved dorso-ventally with a dorsal apical sharp projection. Epandrium
microtrichose with ca. eight upper and 25 long lower setae on each side. Surstylus with
17 prensisetae. Cerci elongated, with ca. 60 setae each one.

Female unknown.
For more measures and indices see Table 1.

Etymology. The species name refers to its original label at CEIOC/Fiocruz:
“Jacareacanga \ Para, Brasil \ M. Alvarenga \ X11.1968”.

Type locality. We believe it is from the municipality of Jacareaganga, State of Para,
north of Brazil (6°13°20”S 57°45°10”W), as it is originally labeled at CEIOC.

Distribution. Known only from the type locality (State of Para, Brazil).

Biology. Collect method unknown.
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4.1.6. DISCUSSION

Rhinoleucophenga is compound by rare or few abundant species, thus, the type
series are commonly compound by a single or few individuals (Junges & Gottschalk
2014; Poppe et al. 2014, 2015). The species described by C. Malogolowkin in 1946
represent an important part of Rhinoleucophenga diversity in the Neotropical region;
therefore, redescriptions and a comparative study provided more taxonomic characters
to the focus species, which make easier the process of correct species identification.

Rhinoleucophenga angustifrons is a typical yellow species such as R.
brasiliensis (Lima) and R. fluminensis (Lima), but it presents peculiar characteristics of
a very narrow front and a rounded head; beyond long arista branches that differs R.
angustifrons from the other two species. Malogolowkin (1946) mentioned the carina of
R. angustifrons as not sulcated, the opposite was notice here, the specimen presents a
carina ca. 50% sulcated.

Rhinoleucophenga matogrossensis, R. personata and R. lopesi are both brown
species, resembling R. missionera Poppe et al. and R. sulina Poppe et al.
Rhinoleucophenga matogrossensis differs from all species for presenting a high bristled
front (ca. 180 interfrontal setae) and dark abdomen with tergites stripes continuous.
Rhinoleucophenga personata differs from all other species by its “multibrown” antenna
color pattern. Furthermore, the specimen collected by G.F. Oliveira in the Ecological
Reserve of Raso da Catarina, municipality of Paulo Afonso, is R. personata based on
the morphological review; thus the male terminalia presented here represents new
information to help in the species determination.

Rhinoleucophenga lopesi differs from R. missionera and R. sulina for the
abdominal pigmentation, with the tergites Il and Il with wide dark bands medially
interrupted and not touching the posterior margin, and posterior tergites almost all dark;
in addition, the aedeagus morphology is very different among the three species. The
available information about the male terminalia of R. capixabensis, determined here as
junior synonymy of R. lopesi, provide important information to the determination of
that species.

Rhinoleucophenga nigrescens is a big dark brown \ black species, being it a well
noticed characteristic to differentiate it from the other Rhinoleucophenga species;

although big size is commonly noticed in Rhinoleucophenga, such as in R. obesa
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(Loew), R. gigantea (Thomson) and R. pampeana Poppe et al., the dark general body
color is peculiar to R. nigrescens.

The new species R. jacareacanga sp. nov. is also a typical big brown species,
resembling R. matogrossensis; but it differs from R. matogrossensis for present clouded
wings and very plumose arista. Furthermore, R. jacareacanga sp. nov. differs from all

other Rhinoleucophenga species for its aedeagus and epandrium morphology.
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4.1.9. FIGURES
Figure 1: Rhinoleucophenga personata Malogolowkin (1946). Holotype, dried and

mounted specimen, a: head, frontal view; b: thorax, dorsal view; c: general habitus,
lateral view; d: abdomen, dorsal view; (scale bar 1.0 mm).
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Figure 2: Rhinoleucophenga personata Malogolowkin, ordinary specimen collect in the
State of Bahia, Brazil, in ethanol 100%, a: general habitus, dorsal view; b: general

habitus, lateral view; c: head, frontal view; d: wing (scale bar 1.0 mm, except in c: 0.5
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Figure 3: Rhinoleucophenga personata Malogolowkin, ordinary specimen collect in the
State of Bahia, Brazil. Male terminalia. a: aedeagus, dorsal view; b: aedeagus, lateral

view; c: aedeagus, ventral view; d: epandrium (scale bar 0.1 mm).
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Figure 4: Rhinoleucophenga lopesi Malogolowkin (1946). Holotype, dried and mounted
specimen, a: head, frontal view; b: thorax, dorsal view; c: general habitus, lateral view;

d: wing (scale bar 1.0 mm).
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Figure 5: Rhinoleucophenga lopesi Malogolowkin. Male paratype of R. capixabensis, in
ethanol 70%, a: general habitus, lateral view; b: thorax, dorsal view; c: wing; d: head,

frontal view (scale bar 1.0 mm, except in d: 0.5 mm).
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Figure 6: Rhinoleucophenga lopesi Malogolowkin. Female paratype of R. capixabensis,
in ethanol 70%, lateral view (scale bar 0.7 mm).
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Figure 7: Rhinoleucophenga lopesi Malogolowkin. Paratype of R. capixabensis. Male

terminalia. a: epandrium + hypandrium, posterior view; b: aedeagus, ventral view (scale

bar 0.1 mm).
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Figure 8: Rhinoleucophenga lopesi Malogolowkin, ordinary specimen collect in State of
Mato Grosso, Brazil. Male terminalia. a: aedeagus, lateral view; b: aedeagus, ventral

view; c: aedeagus, dorsal view; d: epandrium (scale bar 0.1 mm).
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Figure 9: Rhinoleucophenga angustifrons Malogolowkin (1946). Holotype, dried and
mounted specimen, a: thorax, dorsal view; b: general habitus, lateral view; c: head,

frontal view; d: abdomen, dorsal view; e: wing, distal portion (scale bar 1.0 mm).
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Figure 10: Rhinoleucophenga matogrossensis Malogolowkin (1946). Holotype, dried
and mounted specimen, a: general habitus, lateral view; b: thorax, dorsal view; c: head,

frontal view; d: wing (scale bar 1.0 mm).
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Figure 11: Rhinoleucophenga nigrescens Malogolowkin (1946). Holotype, dried and
mounted specimen, a: head, frontal view; b: wing; c: general habitus, lateral view; d:

thorax, dorsal view; e: abdomen, dorsal view (scale bar 1.0 mm).
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Figure 12: Rhinoleucophenga jacareacanga sp. nov. Holotype, dried and mounted
specimen, a: general habitus, lateral view; b: thorax, dorsal view; c: abdomen, dorsal

view; d: head, frontal view; e: wing (scale bar 1.0 mm, except in d: 0.5 mm).
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Figure 13: Rhinoleucophenga jacareacanga sp. nov. Male terminalia, a: aedeagus,
ventral view; b: aedeagus, lateral view; c: aedeagus, dorsal view; d: epandrium (scale
bar 0.1 mm).




4.1.10. TABLES

Table 1: Complementary measures and indices to the Rhinoleucophenga specimens described by Malogolowkin (1946), ordinary
specimens of R. personata and R. lopesi, the holotype and two paratypes of R. capixabensis Culik & Ventura (2009) and R. jacareacanga
sp nov. Indices according to Béchli et al. (2004). *: measures in millimeters (mm).
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Frontal length *  0.70 0.68 062 058 056 060 058 064 050 056 056 064 061 056 054 067 059 046 1.04 1.07 104 1.10
Frontal index 1.03 1.06 091 1.00 1.00 1.03 1.14 1.11 103 1.17 1.00 1.03 1.09 1.17 1.03 1.05 1.06 2.83 153 1.56 1.04 1.04
Top-to-bottom ) 53 1 5e 098 112 100 1.00 1.03 1.03 097 1.00 1.09 1.05 1.00 0.97 1.03 1.05 1.00 1.20 092 096 108 1.06
frontal width ratio
Ocellartriangle to ) /o 41 048 034 038 035 037 028 032 031 029 025 026 029 029 026 027 039 029 021 035 0.33
front length ratio
1
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ratio

Vibrissal index 0.33 0.36 0.26 0.33 0.33 0.41 0.29 - - - - - - - - - - 0.31 041 041 0.42 0.38
Cheek index 733 647 570 8.17 830 547 830 586 6.00 7.60 6.33 5.22 8.00 800 6.17 5,57 557 1143 7.67 13.6 7.82 9.00
Eye index 128 131 132 144 157 141 135 141 167 137 153 1.28 150 1.40 135 1.41 141 138 147 155 146 1.50
THORAX

Thorax length* 250 253 216 191 156 155 142 190 154 165 1.68 192 184 168 1.66 192 1.84 255 3.00 291 3.20 3.35
Strongest

prescutellar

f/flr;’rs]gtc:i:;t:; 65 71 66 59 71 60 59 69 58 57 55 53 52 65 57 60 63 - 73 51 84 85
to posterior

dorsocentral setae

Dorsocentral

setae,transverse

distance related to 2.37 2.37 2.37 3.55 3.42 342 3.33 - - - - - - - - - - 416 4.80 5.00 2881 31.66
longitudinal

distance

Sterno index - 106 100 0.89 0.82 088 1.00 0.83 0.89 0.95 1.08 098 1.02 1.03 1.00 - 0.98 0.88 - 0.89 0.84 0.94
WING

Length* 3.88 4.25 3.85 330 266 299 280 286 256 2.64 288 3.04 2.83 272 290 3.04 282 264 460 500 585 6.25
Width* 1.75 183 1.75 160 148 155 160 152 138 142 152 160 160 1.44 152 1.62 152 1.18 2.00 230 250 2.50
WING INDICES

c (cu/cuy 4,00 3.50 3.21 3.16 3.08 286 294 3.08 3.33 2.89 287 337 285 2.63 2.75 2.88 3.00 - 3.60 3.58 411 4.76
Hb (Cllthb/ CIll) 0.85 0.86 0.57 0.53 031 0.39 056 042 0.33 0.34 0.32 0.34 0.36 0.37 0.50 0.43 0.43 0.62 049 050 0.62 0.76
Ac (CllI/ CIV) 1.11 126 134 131 130 144 129 129 115 135 141 135 139 1.00 1.33 148 135 153 1.13 126 214 1.64
4c¢ (CHI/ Ml 0.85 1.26 1.09 1.00 097 1.00 090 095 1.03 1.13 1.15 0.88 1.03 1.09 1.11 1.11 0.88 0.96 0.66 0.64 0.56 0.48
4v (MIV/ MIll) 251 343 281 221 211 2.03 190 213 238 229 245 198 211 214 2.08 233 1.75 200 141 132 1.25 1.24
5x (Cua/ dM-cu) 229 206 194 095 138 1.26 163 1.75 153 167 155 135 125 189 135 167 130 1.73 1.00 0.76 0.77 0.87
M (CuA/ MiIll) 1.06 1.27 1.09 0.53 0.81 0.67 0.77 092 1.00 0.97 094 0.78 0.79 0.97 0.75 0.97 0.65 0.70 047 036 030 0.32
prox.x (R4+5 0.81 1.16 1.03 1.03 0.89 0.97 0.80 0.87 1.07 1.00 094 0.98 0.82 0.86 0.94 1.11 0.75 - 0.75 0.71 0.59 0.53
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basal/ Mlll)

Body length* 4.15 3.60 4.75 - 289 330 298 3.18 3.00 2.88 3.15 3.00 2.85 2.85 2.82 3.60 2.79 250 6.25 6.50 6.00 6.00
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5. CAPITULO V

(Manuscrito para submissao ao periddico Zootaxa)
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5.1.  Neotropical fauna of Rhinoleucophenga Hendel (Diptera, Drosophilidae):

Description of eleven new species
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5.11. ABSTRACT

The genus Rhinoleucophenga Hendel comprises 29 nominal species with New World
distribution. The description of new species of Rhinoleucophenga is indispensable to
improve the faunistic knowledge of Neotropical region, in which previous studies have
shown unidentified or misidentified Rhinoleucophenga species. In the present study
eleven new species are described: R. punctata sp. nov., R. paraguayensis sp. nov., R.
ignota sp. nov., R. fusca sp. nov., R. alata sp. nov., R. paulistorum sp. nov., R. obscura

sp. nov., R. fulva sp. nov., R. maculosa sp. nov., R. nigra sp. nov. and R. brasilis sp.
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nov. The new species presented here corroborate the high diversity of
Rhinoleucophenga that have been recorded in the Neotropical region, and highlight the
need of describing species in the current taxonomic patterns to Drosophilidae in order to

avoid taxonomic confusion with groups of similar species.

Key words: Drosophila, Gitona, Steganinae, Taxonomy.

5.1.2. RESUMO

O género Rhinoleucophenga Hendel é composto por 29 espécies distribuidas nas
regides Neotropical e Neéartica. A descricdo de novas espécies de Rhinoleucophenga é
indispensavel para melhorar o conhecimento faunistico da regido Neotropical, na qual
estudos prévios tém mostrado espécies ndo identificadas ou erroneamente identificadas
para Rhinoleucophenga. No presente estudo 11 novas espécies sdo descritas: R.
punctata sp. nov., R. paraguayensis sp. nov., R. ignota sp. nov., R. fusca sp. nov., R.
alata sp. nov., R. paulistorum sp. nov., R. obscura sp. nov., R. fulva sp. nov., R.
maculosa sp. nov., R. nigra sp. nov. e R. brasilis sp. nov. As novas espécies
apresentadas aqui corroboram a alta diversidade de Rhinoleucophenga na regido
Neotropical, e destacam a necessidade de descri¢do de espécies nos padrbes atuais da
taxonomia de Drosophilidae na tentativa de evitar problemas taxonémicos com grupos

de espécies cripticas.

Palavras-chave: Drosophila, Gitona, Steganinae, Taxonomia.

5.1.3. INTRODUCTION

Rhinoleucophenga Hendel is a genus of Drosophilidae with Neotropical and
Nearctic distribution. In the last years many species of Rhinoleucophenga have been
described (Junges & Gottschalk 2014; Poppe et al. 2014, 2015a; Vidal & Vilela 2015),
and new records of Rhinoleucophenga species have been done in Neotropical areas
(Mata et al. 2008; Roque & Tidon 2008, 2013; Vilela & Béachli 2009; Roque et al.
2013; Poppe et al. 2015a). The increase in the number of records of Rhinoleucophenga
species highlights the need for reviewing old description studies, as well as the need for

performing complementary description of some species (Poppe et al. submitted).
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Rhinoleucophenga seems to prefer open environments instead of forest areas.
Poppe et al. (2014, 2015b) stressed the high diversity of Rhinoleucophenga in a
grassland area of the Pampa biome, and other authors have noticed this genus in open
areas of the Brazilian Caatinga (G.F. Oliveira, personal comm.; Poppe et al. 2015a),
Cerrado (Blauth & Gottschalk 2007; Mata et al. 2008; Roque & Tidon 2008, 2013;
Roque et al. 2013; Vidal & Vilela 2015), and Restinga (Schmitz et al. 2009); beyond
many other records in open areas between the latitudes 37°N (Texas, United States)
(Malloch & McAtee 1924; Vilela 1990) and 34°S (Argentina) (Thomson 1869; Vilela
1990). However, there are some few records of Rhinoleucophenga in forest areas (De
Toni et al. 2007; Hochmuller et al. 2010; Poppe et al. 2015a) and areas of low
urbanization levels (Gottschalk et al. 2007).

As general to Drosophilidae, the morphological variability in Rhinoleucophenga
is very high, that is, this genus presents species of 2.0-7.0 mm with body color patterns
varying from yellow to black. Besides, the occurrence of sibling species groups has
been commonly noticed (Vilela 1990; Poppe et al. 2015a), as well as high levels of
intraspecific variation among populations from different environments (Poppe et al.
submitted). Thus, the description of new specimens collected in previous studies is
fundamental to avoid systematic problems of misidentification and uncertainties about
the geographical distribution of some species groups; additionally new descriptions are

important to improve the distributional and ecological knowledge of Rhinoleucophenga.

Considering the current patterns of species description, the present study
presents the description of Rhinoleucophenga punctata sp. nov., R. paraguayensis sp.
nov., R. ignota sp. nov., R. fusca sp. nov., R. alata sp. nov., R. paulistorum sp. nov., R.
obscura sp. nov., R. fulva sp. nov., R. maculosa sp. nov., R. nigra sp. nov. and R.

brasilis sp. nov.

5.14. MATERIALS AND METHODS

Descriptions are based on measures and indices given by Béchli et al. (2004),
which were done with an ocular reticle inserted into a stereomicroscope. Male and
female terminalia were disarticulated in glycerol after treatment with 10% potassium

hydroxide (KOH) (Béchli et al. 2004). The genitalia were mounted in a piece of
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glycerine jelly (ca. 2 x 2 x 2 mm) (Grimaldi 1987), stored in microvials with glycerol
and pinned with the respective specimen. Photos of the specimens were taken with a
digital camera coupled to an optical stereomicroscope. Drawings of the genitalia were
made with a camera lucida system attached to a compound microscope with 40x and
10x objective lenses and a 10x ocular lens. The terminology follows Béchli et al.
(2004).

Most of described specimens were deposited in the Colegdo Entomoldgica do
Instituto Oswaldo Cruz (CEIOC) at Fundagdo Oswaldo Cruz (Fiocruz), Rio de Janeiro,
Brazil, except R. paulistorum sp. nov. and R. alata sp. nov., deposited in the Museu de
Zoologia at Universidade de Sao Paulo, Brazil (MZUSP).

5.1.5. RESULTS

Rhinoleucophenga Hendel
Rhinoleucophenga Hendel, 1917: 44-45
Pseudophortica Sturtevant, 1918: 37

Gitona (in New world) Brake & Bé&chli, 2008: 291

Genus Diagnosis: strong prescutellar acrostichal setae, frons densely covered with
scattered interfrontal setulae, surstyli fused to epandrium bearing small peg-like
prensisetae, simple aedeagus (Vilela & Bachli 2009), only two katepisternal setae,
postpronotum with one setae and a pair of divergent basal scutellar setae
(Malogolowkin 1946).

Rhinoleucophenga punctata sp. nov.
(Figures 1a-d, 2a-d; Table 1)

Type series. Holotype: 1m# labelled “Rhinoleucophenga punctata; HOLOTYPE m#;
Brazil, Rio Grande do Sul, Sao Luiz Gonzaga (28°24°21”S 54°57°06”W), 12.x.2013.
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Col.: JL Poppe; banana bait”. Postabdomen disarticulated stored in a microvial with
glycerin and attached with the respective exemplar. Holotype preserved in ethanol
100%; deposited at CEIOC/Fiocruz.

Diagnosis. Scutum brown covered with many small dark brown spots at bases of setae
and setulae, two central longitudinal dark brown stripes. Scutellum dark brown. Front
homogeneously brown, ocellar triangle dark brown. Arista with 4 short dorsal and
ventral branches plus terminal fork. Carina nose-like and ca. 90% sulcated. Abdomen
yellow with dark brown band which is medially interrupted and laterally broadened.

Wings hyaline. Male terminalia as in figure 2a-d.

Description. Head (Fig 1b-c). Front homogeneously brown, covered with ca. 30
scattered interfrontal setulae; ocellar triangle dark brown. Each orbital setae with a
brown patch around base. Carina nose-like and ca. 90% sulcated. Face brownish; gena
yellow; antenna with flagellomere homogeneously brown and pedicel brownish; arista
with 4 short dorsal and ventral branches plus terminal fork. Palpus yellow with ca. 12

setae on lower part.

Thorax (Fig la-b). Scutum brown covered with many small dark brown spots at bases
of setae and setulae, two central longitudinal dark brown stripes. Scutellum dark brown.
Eight irregular rows of acrostichal setulae. One pair of long prescutellar acrostichal
setae. Pleura brownish with a longitudinal dark brown stripe; legs yellow with

incomplete dark brown annuli in the distal femur and proximal tibia; halteres whitish.
Wings (Fig 1d). Hyaline, without spots.

Abdomen (Fig. 1a-b). Abdomen with yellow ground color, tergite Il with a dark brown
stripe widely interrupted medially, tergites 11l to VI each with a broad dark brown stripe

which is medially interrupted and laterally broadened.

Male terminalia (Fig 2a-d). Aedeagus membranous with a sclerotized incomplete ring
ventrally curved in the apical portion, and a sclerotized “Y” shaped structure on the
dorsal face. Epandrium microtrichose with ca. seven upper and 15 lower setae on each
side. Surstyli with seven prensisetae. Cerci very elongated, with ca. 60 setae each one,

9-10 longer setae in the apical portion.

To more measures and indices see Table 1.
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Female unknown.
Etymology. The species name refers to its spotted thorax.

Type locality. Brazil, Rio Grande do Sul, Sdo Luiz Gonzaga (28°24°21”S
54°57°06”W).

Distribution. Known only from the type locality.

Biology. Collected in fermented-banana traps, in an urban area.

Rhinoleucophenga alata sp. nov.
(Figures 3a-d, 4a-c; Table 1)

Type series. Holotype: 1f# labelled “Rhinoleucophenga alata; HOLOTYPE f#; Brazil,
Sdo Paulo, Serra do Japi (23°1527"S 46°58'28"W); 18.iii.2010. Col.: NW Perioto.
Malaise”. Postabdomen disarticulated stored in a microvial with glycerin and attached
with the respective exemplar. Paratype: 1f# labelled “Rhinoleucophenga alata;
PARATYPE; Brazil, Santa Catarina, Botuvera (27°11'29"S 49°04'32"W); 16.iv.2013
col.: DC De Toni. Resource: banana bait”. Holotype and paratype preserved in ethanol
100% are deposited at MZUSP.

Diagnosis. Scutum brown. Front homogeneously yellow-brownish, covered with ca.
200 scattered interfrontal setulae. Arista with 9-10 dorsal and 7 ventral long branches
plus terminal fork. Carina nose-like and ca. 90% sulcated. Abdomen proximally
brownish and distally dark brown-black. Wings non-hyaline Veins Dm-Cu, R-M, costal
-1V, the tip of R44s apical and M-IV strongly clouded. 3-4 clouded supernumerary

veins into Costal-11, and 2 incomplete clouded supernumerary veins into R4.s apical.

Description. Head (Fig 3c). Front homogeneously yellow-brownish, covered with ca.
200 scattered interfrontal setulae; ocellar triangle brownish with brown ocelli. Carina
nose-like and ca. 90% sulcated. Face and gena brownish; antenna with flagellomere
homogeneously yellow-brownish and pedicel brownish; arista with 9-10 dorsal and 7
ventral long branches plus terminal fork. Palpus brownish with ca. 80 setae on lower

part.
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Thorax (Fig 3a-b). Scutum brown and scutellum brown, darker apically. 12-14 irregular
rows of acrostichal setulae. 2-3 pair of long prescutellar acrostichal setae. Pleura
brownish; legs yellow; halteres yellowish.

Wings (Fig 3d). Non-hyaline with costal region brownish. Veins Dm-Cu, R-M, costal
-1V, the tip of R44s apical and M-IV strongly clouded. 3-4 clouded supernumerary

veins into Costal-Il, and 2 incomplete clouded supernumerary veins into Rg.s apical.

Abdomen (Fig 3a-b). Tergite Il brown with posterior edge black; tergite 111 brown with

middle-posterior portion dark brown; tergite I\V-V1 dark brown-black.

Female terminalia (Fig 4a-c). Epiproct microtrichose with ca. 14 setae. Hypoproct
microtrichose with ca. 50 setae, 10 longer ones. Cerci with ca. four longer apical setae
on each one. Spermathecal capsule elongated with basal introvert reaching ca. 1/3 of
inner capsule, apically thinner than the % basal portion, length to width ratio of the

spermathecal capsule = 3.70.For more measures and indices see Table 1.
Male unknown.

Etymology. The species name refers to its spotted and exuberant wings.
Type locality. Brazil, Sdo Paulo, Serra do Japi (23°1527"S 46°58'28"W).
Distribution. Known from S&o Paulo and Santa Catarina, Brazil.

Biology. Collected in fermented-banana traps in Santa Catarina, and in Malaise traps in

Sao Paulo.

Rhinoleucophenga paulistorum sp. nov.
(Figures 5a-d, 6a-c; Table 1)

Type series. Holotype: 1f# labelled “Rhinoleucophenga paulistorum; HOLOTYPE f#;
Brazil, S&o Paulo, Serra do Japi (23°15'27"S 46°58'28"W); 18.iii.2010. Col.: NW
Perioto. Malaise”. Paratype: 2f# labelled ‘“Rhinoleucophenga paulistorum;
PARATYPE; Brazil, S&o Paulo, Serra do Japi (23°15'27"S 46°58'28"W); 18.iii.2010.

Col.: NW Perioto. Malaise”. Postabdomen disarticulated stored in a microvial with
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glycerin and attached with the respective specimens. Holotype and paratypes preserved
in ethanol 100%; deposited at MZUSP.

Diagnosis. Front homogeneously yellow-brownish, covered with ca. 80 scattered
interfrontal setulae; ocellar triangle yellow with the edge of the ocelli dark brown.
Carina nose-like and ca. 80% sulcated. Arista with 6-7 dorsal and 5 ventral long
branches plus terminal fork. Scutum and scutellum brownish. 10-12 irregular rows of
acrostichal setulae. Abdomen proximally brownish and distally dark brown. Wings non-
hyaline with costal region brownish. Female terminalia and the spermathecal capsule as

in figure 6a-c.

Description. Head (Fig 5c). Front homogeneously yellow-brownish, covered with ca.
80 scattered interfrontal setulae; ocellar triangle yellow with the edge of the ocelli dark
brown. Carina nose-like and ca. 80% sulcated. Face yellow; gena brownish with a
diffuse brown spot. Antenna with flagellomere and pedicel homogeneously brownish;
arista with 6-7 dorsal and 5 ventral long branches plus terminal fork. Palpus yellow with

ca. 30 setae on lower part.

Thorax (Fig 5a-b). Scutum and scutellum brownish. 10-12 irregular rows of acrostichal
setulae. 3 pair of long prescutellar acrostichal setae, the central pair is the longest one.

Pleura brownish; legs yellow; halteres whitish.
Wings (Fig 5d). Non-hyaline with costal region brownish.

Abdomen (Fig 5a-b). Tergite Il brownish-yellow with laterally dark brown stripe;
tergite 111 brownish with ¥ posterior covered by narrowly interrupted dark brown stripe;
tergite 1V-VI brown with 3/4 posterior covered by narrowly interrupted dark brown

stripe.

Female terminalia (Fig 6a-c). Epiproct microtrichose with ca. 12 setae. Hypoproct
microtrichose with ca. 50 setae, 10 longer ones. Cerci with ca. five longer apical setae
on each one. Spermathecal capsule with basal introvert reaching ca. 3/4 of inner
capsule, length to width ratio = 1.46.For more measures and indices see Table 1.

Male unknown.

Etymology. The species name refers to its type locality, Sdo Paulo state.
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Type locality. Brazil, Sdo Paulo, Serra do Japi (23°1527"S 46°58'28"W).
Distribution. Known only from the type locality.

Biology. Collected in Malaise traps.

Rhinoleucophenga obscura sp. nov.
(Figures 7a-c, 8a-d; Table 1)

Type series. Holotype: 1m# labelled “Rhinoleucophenga obscura; HOLOTYPE m#;
Brazil, Bahia, Estacdo Ecoldgica Raso da Catarina/ Municipio de Paulo Afonso
(9°30'39"'S 38°32'12"W). 22.iv.2012. Col.: GF Oliveira; banana bait”. Postabdomen
disarticulated stored in a microvial with glycerin and attached with the respective
specimen. Holotype preserved in ethanol 100%; deposited at CEIOC/Fiocruz.

Diagnosis. Front homogeneously brown, covered with ca. 40 scattered interfrontal
setulae; ocellar triangle brown. Carina nose-like and ca. 40% sulcated. Arista with 5
dorsal and 4 ventral long branches plus terminal fork. Scutum and scutellum brown. 10
irregular rows of acrostichal setulae. Abdomen proximally brown with dark brown
stripes widely interrupted medially. Wings hyaline. Male aedeagus and epandrium as in
figure 8a-d.

Description. Head (Fig 7a). Front homogeneously brown, covered with ca. 40 scattered
interfrontal setulae; ocellar triangle brown. Carina nose-like and ca. 40% sulcated. Face
brownish; gena brown. Antenna with flagellomere and pedicel homogeneously brown;
arista with 5 dorsal and 4 ventral long branches plus terminal fork. Palpus yellow with
ca. 30 setae on lower part.

Thorax (Fig 7b). Scutum and scutellum brown with a diffuse dark brown stripe. 10
irregular rows of acrostichal setulae. 1 pair of long prescutellar acrostichal setae. Pleura

brown; legs brownish; halteres yellowish.
Wings (Fig 7c¢). Hyaline.

Abdomen (Fig 7b). Brown with dark brown stripes widely interrupted medially.
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Male terminalia (Fig 8a-d). Aedeagus with a triangular shape, wider in the base and
thinner in the apical portion. There is a sharp apical projection dorsally curved, like a
spicule. Epandrium microtrichose with ca. seven upper and 35 lower setae on each side.
Surstyli with 22 prensisetae. Cerci round shaped, with ca. 20 setae each one, seven

longer setae in the apical portion.For more measures and indices see Table 1.
Female unknown.

Etymology. The species name refers to its dark general body color. The word obscura

means “dark” in Latin.

Type locality. Brazil, Bahia, Estacdo Ecologica Raso da Catarina (9°30'39"S
38°32'12"W).

Distribution. Known only from the type locality.

Biology. Collected in fermented-banana traps in the Caatinga biome.

Rhinoleucophenga paraguayensis sp. nov.
(Figures 9a-f, 10a-c; Table 1)

Examinated Material. Two dried female specimens labeled “Rhinoleucophenga #1f#
Paraguay, Asuncion. X.1943. Col.: Unknown. / R. paraguayensis #1 (and #02)f#
Paraguay, Asuncion. X.1943. Det.: JL Poppe and MS Gottschalk; v.2014”. Deposited at
CEIOC/Fiocruz.

Type series. Holotype: 1f# labelled “Rhinoleucophenga paraguayensis; HOLOTYPE
f#; Paraguay, Asuncion (26°16'56"S 57°38'06"W). Det.: JL Poppe and MS Gottschalk;
v.2014”. Postabdomen disarticulated stored in a microvial with glycerin and attached
with the respective specimen. Paratype: 1f# labelled “Rhinoleucophenga paraguayensis;
PARATYPE; Paraguay, Asuncion (26°16'56"S 57°38'06"W). Det.: JL Poppe and MS
Gottschalk; v.2014”. Holotype and paratype were deposited at CEIOC/Fiocruz.

Diagnosis. Front ventrally yellow and dorsally brownish, covered with ca. 40 scattered
interfrontal setulae; ocellar triangle yellow with the edge of the ocelli dark brown.
Arista with 6 dorsal and 5 ventral long branches plus terminal fork. Scutum and
scutellum brownish with a central diffuse longitudinal yellow stripe on the scutellum
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and posterior portion of the scutum. 12 irregular rows of acrostichal setulae. Abdomen
with yellow ground color, tergite 11-VI with 1/3 covered by a dark brown stripe widely
interrupted medially. Wings hyaline. Female terminalia and spermathecal capsule as in
figure 10a-c.

Description. Head (Fig 9a, f). Front ventrally yellow and dorsally brownish, covered
with ca. 40 scattered interfrontal setulae; ocellar triangle yellow with the edge of the
ocelli dark brown. Carina nose-like and ca. 60-80% sulcated. Face and gena yellow.
Antenna with flagellomere and pedicel homogeneously yellow-brownish; arista with 6
dorsal and 5 ventral long branches plus terminal fork. Palpus yellow with ca. 30 setae

on lower part.

Thorax (Fig 9a-b). Scutum and scutellum brownish with a central diffuse longitudinal
yellow stripe on the scutellum and posterior portion of the scutum. 12 irregular rows of
acrostichal setulae. 3 pairs of long prescutellar acrostichal setae, the central pair is the
longest one. Pleura brownish; legs yellow; halters yellow.

Wings (Fig 9c). Hyaline.

Abdomen (Fig 9e). Abdomen with yellow ground color, tergite 11-V1 with 1/3 covered
by a dark brown stripe widely interrupted medially. In the paratype the abdomen is
black; however, when it is clarified with KOH 10% it reveals a yellow ground color and

brown stripes.

Female terminalia (Fig 10a-c). Epiproct microtrichose with ca. six setae. Hypoproct
microtrichose with ca. 40 setae. Cerci microtrichose with a longer apical setae on each
one. Spermathecal capsule with basal introvert reaching ca. 3/4 of inner capsule, length

to width ratio = 1.46.For more measures and indices see Table 1.

Male unknown.

Etymology. The species name refers to its locality type, Paraguay, South America.
Type locality. Paraguay, Asuncion (26°16'56"S 57°38'06"W).

Distribution. Known only from the type locality.

Biology. Unknown.
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Rhinoleucophenga fulva sp. nov.
(Figures 11a-d, 12a-c; Table 1)

Type series. Holotype: 1f# labelled “Rhinoleucophenga fulva; HOLOTYPE f#; Brazil,
Rio Grande do Sul, Bossoroca (28°45'01"S 54°56'55"W). 20.xii.2011. Col.: JL Poppe;
banana bait”. Postabdomen disarticulated stored in a microvial with glycerin and
attached with the respective specimen. Holotype preserved in ethanol 100%; deposited
at CEIOC/Fiocruz.

Diagnosis. Front homogeneously brownish, covered with ca. 200 scattered interfrontal
setulae. Carina nose-like and ca. 75% sulcated. Arista with 8 dorsal and 5 ventral long
branches plus terminal fork. Scutum brown and scutellum dark brown. 14 irregular rows
of acrostichal setulae. 4 pair of long prescutellar acrostichal setae. Abdomen proximally
brown and distally dark brown. Wings non-hyaline, brownish. Female terminalia and

the spermathecal capsule as in figure 12a-c.

Description. Head (Fig 11a). Front homogeneously brownish, covered with ca. 200
scattered interfrontal setulae; ocellar triangle brownish with the edge of the ocelli
brown. Carina nose-like and ca. 75% sulcated. Face and gena brownish; antenna with
pedicel brownish and flagellomere homogeneously brown; arista with 8 dorsal and 5
ventral long branches plus terminal fork. Palpus brownish with ca. 60 setae on lower

part.

Thorax (Fig 11b, d). Scutum brown and scutellum dark brown. 14 irregular rows of
acrostichal setulae. 4 pairs of long prescutellar acrostichal setae, the central pair is the

longest one. Pleura brown; legs yellow; halters yellow-whitish.
Wings (Fig 11c). Non-hyaline, brownish.

Abdomen (Fig 11b, d). Tergite Il brown, laterally dark brown; tergite 111 brown covered
by a dark brown stripe medially narrow; tergite 1V-VI brown with 5/4 posterior
covered by large dark brown stripe.

Female terminalia (Fig 12a-c). Epiproct microtrichose with ca. six setae. Hypoproct

microtrichose with ca. 40 setae, ca. six longer ones. Cerci with five longer apical setae
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on each one. Spermathecal capsule with basal introvert reaching ca. 3/4 of inner

capsule, length to width ratio = 1.46.For more measures and indices see Table 1.
Male unknown.

Etymology. The species name refers to its dark general body color. The word fulva

means “brown” in Latin.
Type locality. Brazil, Rio Grande do Sul, Bossoroca (28°45'01"S 54°56'55"W).
Distribution. Known only from the type locality.

Biology. Collected in fermented-banana traps in the Pampa biome.

Rhinoleucophenga maculosa sp. nov.
(Figures 13a-d, 14a-c; Table 1)

Type series. Holotype: 1f# labelled “Rhinoleucophenga maculosa; HOLOTYPE f#;
Brazil, Rio Grande do Sul, Bossoroca (28°45'01"S 54°56'55"W). 20.xii.2011. Col.: JL
Poppe; banana bait”. Postabdomen disarticulated stored in a microvial with glycerin and
attached with the respective specimen. Holotype preserved in ethanol 100%; deposited
at CEIOC/Fiocruz.

Diagnosis. Front homogeneously brownish, covered with ca. 100 scattered interfrontal
setulae. Carina nose-like and ca. 90% sulcated. Arista with 8 dorsal and 6 ventral long
branches plus terminal fork. Scutum and scutellum brown. 10 irregular rows of
acrostichal setulae. 3 pairs of long prescutellar acrostichal setae. Abdomen proximally
brown and distally dark brown. Wings non-hyaline, costal portion brownish. VVeins Dm-
Cu, R-M, the tip of R2.3, Ra+s apical and M-1V strongly clouded, as well as the proximal

portion of veins Ry.3 and Ry.s.

Description. Head (Fig 13c). Front homogeneously brown, covered with ca. 100
scattered interfrontal setulae; ocellar triangle brownish with the edge of the ocelli
brown. Carina nose-like and ca. 90% sulcated. Face brown and gena dark brown;
antenna with pedicel and flagellomere homogeneously brown; arista with 8 dorsal and 6
ventral long branches plus terminal fork. Palpus brownish with ca. 50 setae on lower
part.
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Thorax (Fig 13a-b). Scutum and scutellum brown with a central longitudinal narrow
yellow stripe. 10 irregular rows of acrostichal setulae. 3 pairs of long prescutellar
acrostichal setae, the central pair is the longest one. Pleura brown; legs brownish, femur

proximally brown; halteres whitish.

Wings (Fig 13d). Non-hyaline, costal portion brownish. Veins Dm-Cu, R-M, the tip of
R2+3, Rass apical and M-IV strongly clouded, as well as the proximal portion of veins
Ro+3, Rass and M-I111.

Abdomen (Fig 13a-b). Tergite Il brown, laterally dark brown; tergite 111 brown with ¥,

posteriorly covered by dark brown stripe medially narrow; tergite 1\V-V1 dark brown.

Female terminalia (Fig 14a-c). Epiproct microtrichose with ca. eight setae. Hypoproct
microtrichose with ca. 40 setae, ca. 10 marginal longer ones. Cerci with three longer
apical setae on each one. Spermathecal capsule round shaped with basal introvert

reaching ca. 2/3 of inner capsule, length to width ratio = 0.9.
For more measures and indices see Table 1.
Male unknown.

Etymology. The species name refers to its spotted wing. The word macula means

“spotted” in Latin.
Type locality. Brazil, Rio Grande do Sul, Bossoroca (28°45'01"S 54°56'55"W).
Distribution. Known only from the type locality.

Biology. Collected in fermented-banana traps in the Pampa biome.

Rhinoleucophenga nigra sp. nov.
(Figures 15a-d, 16a-c; Table 1)

Type series. Holotype: 1f# labelled “Rhinoleucophenga nigra; HOLOTYPE f#; Brazil,
Rio Grande do Sul, Bossoroca (28°45'01"S 54°56'55"W). 22.xii.2012. Col.: JL Poppe;

banana bait”. Postabdomen disarticulated stored in a microvial with glycerin and
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attached with the respective specimen. Holotype preserved in ethanol 100%; deposited
at CEIOC/Fiocruz.

Diagnosis. Front homogeneously brownish, covered with ca. 50 scattered interfrontal
setulae. Carina nose-like and ca. 80% sulcated. Arista with 8 dorsal and 5 ventral long
branches plus terminal fork. Scutum and scutellum brown. 12 irregular rows of
acrostichal setulae. 2 pairs of long prescutellar acrostichal setae. Abdomen proximally

brown and distally dark brown. Wings hyaline.

Description. Head (Fig 15c). Front homogeneously brownish, covered with ca. 50
scattered interfrontal setulae; ocellar triangle brownish with the edge of the ocelli dark
brown. Carina nose-like and ca. 80% sulcated. Face brownish and gena brown; antenna
with pedicel and flagellomere homogeneously brownish; arista with 8 dorsal and 5

ventral long branches plus terminal fork. Palpus yellow with ca. 25 setae on lower part.

Thorax (Fig 15a-b). Scutum and scutellum brown. 12 irregular rows of acrostichal
setulae. 2 pairs of long prescutellar acrostichal setae, the central pair is the longest one.
Pleura brown; legs yellow; halteres whitish.

Wings (Fig 15d). Hyaline.

Abdomen (Fig 15a-b). Tergite Il brownish with a laterally dark brown stripe; tergite 11
brownish covered by a large dark brown stripe medially broadly interrupted; tergite IV-

VI with 6/5 posteriorly covered by a dark brown stripe.

Female terminalia (Fig 16a-c). Epiproct microtrichose with ca. eight setae. Hypoproct
microtrichose with ca. 40 setae. Cerci with three longer apical setae on each one.
Spermathecal capsule round shaped with basal introvert reaching ca. 2/3 of inner
capsule, length to width ratio = 0.8.

For more measures and indices see Table 1.
Male unknown.

Etymology. The species name refers to its dark color. The word nigra means “dark” in
Latin.

Type locality. Brazil, Rio Grande do Sul, Bossoroca (28°45'01"S 54°56'55"W).
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Distribution. Known only from the type locality.

Biology. Collected in fermented-banana traps in the Pampa biome.

Rhinoleucophenga brasilis sp. nov.
(Figures 17a-e, 18a-c; Table 1)

Examinated Material. Two dried female specimens labeled “Rhinoleucophenga #1
(and #02)f# Brazil, Mato Grosso, ii.1937. col.: unknown. Det.: JL Poppe and MS
Gottschalk. v.2014”. Deposited at CEIOC/Fiocruz.

Type series. Holotype: 1f# labeled “Rhinoleucophenga brasilis; HOLOTYPE f#;
Brazil, Mato Grosso. ii.1937. col.: unknown. Det.: JL Poppe and MS Gottschalk; v.
2014”. Postabdomen disarticulated stored in a microvial with glycerin and attached with
the respective specimen. Paratype: 1f# labeled “Rhinoleucophenga brasilis;
PARATYPE; Brazil, Mato Grosso. ii.1937. col.: unknown. Det.: JL Poppe and MS
Gottschalk; v.2014”. Holotype and paratype are deposited at CEIOC/Fiocruz.

Diagnosis. Front homogeneously brownish, covered with ca. 50 scattered interfrontal
setulae. Carina nose-like and ca. 90% sulcated. Arista with 7 dorsal and 5 ventral long
branches plus terminal fork. Scutum and scutellum brown. 10 irregular rows of
acrostichal setulae. 1 pair of long prescutellar acrostichal setae. Wings hyaline. Female

terminalia and the spermathecal capsule as in figure 18a-c.

Description. Head (Fig 17a-b). Front homogeneously brownish, covered with ca. 50
scattered interfrontal setulae; ocellar triangle brownish with dark brown ocelli. Carina
nose-like and ca. 90% sulcated. Face and gena brownish; antenna with pedicel yellow,
flagellomere homogeneously brownish; arista with 7 dorsal and 5 ventral long branches

plus terminal fork. Palpus yellow.

Thorax (Fig 17a, d). Scutum and scutellum brown. 10 irregular rows of acrostichal
setulae. 1 pair of long prescutellar acrostichal setae. Pleura brown; legs yellow; halteres

yellowish.

Wings (Fig 17e). Hyaline.
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Abdomen (Fig 17¢). Abdomen with brownish ground color, distally dark brown-black.
However, as noticed in R. paraguayensis sp. nov., we tend to believe that after clarified

the abdomen can reveals a different color pattern.

Female terminalia (Fig 18a-c). Epiproct microtrichose with ca. six setae. Hypoproct
microtrichose with ca. 30 setae, ca. six longer marginal ones. Cerci with three longer
apical setae on each one. Spermathecal capsule round shaped with basal introvert

reaching ca. %2 of inner capsule, length to width ratio = 0.9.

To more measures and indices see Table 1.

Male unknown.

Etymology. The species name refers to Brazil, country of its type locality.
Type locality. Brazil, Mato Grosso state.

Distribution. Known only from the type locality.

Biology. Unknown.

Rhinoleucophenga ignota sp. nov.
(Figures 19a-d; Table 1)

Examinated Material. A dried male specimen labeled “Rhinoleucophenga #1m I0C/
Fiocruz/ RJ. N°: 32552. Loc.: unknown. col.: unknown. Det.: JL Poppe”. Deposited at
CEIOC/Fiocruz.

Type series. Holotype: 1m# labelled “Rhinoleucophenga ignota; HOLOTYPE m#;
Locality unknown. Det.: JL Poppe and MS Gottschalk; v.2014”. Holotype deposited at
CEIOC/Fiocruz.

Diagnosis. Front homogeneously brownish, covered with ca. 40 scattered interfrontal
setulae. Carina nose-like. Arista with long branches. Scutum and scutellum brownish.
10 irregular rows of acrostichal setulae. Wings hyaline. Abdomen with brownish-yellow

ground color, tergite 11-VI with dark brown continuous stripes.
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Description. Head (Fig 19b). Front homogeneously brownish, covered with ca. 40
scattered interfrontal setulae; ocellar triangle brownish. Carina nose-like. Face and gena
yellow; antenna with pedicel yellow, flagellomere homogeneously brownish; arista with

long branches. Palpus yellow.

Thorax (Fig 19a). Scutum and scutellum brownish. 10 irregular rows of acrostichal
setulae. At least 1 pair of long prescutellar acrostichal setae. Pleura brownish; legs

yellow; halteres yellowish.
Wings (Fig 19d). Hyaline.

Abdomen (Fig 21a). Abdomen with brownish-yellow ground color, tergite 11-VI with

dark brown continuous stripes.

Female and male terminalia unknown. It was not possible to disarticulate the male

terminalia due its very dried condition.
To more measures and indices see Table 1.

Etymology. The species name refers to its unknown type locality, distribution and

biology. The word ignota means “unknown” in Latin.
Type locality. Unknown.
Distribution. Unknown.

Biology. Unknown.

Rhinoleucophenga fusca sp. nov.
(Figures 20a-¢; Table 1)

Examinated Material. A dried specimen labeled as “Rhinoleucophenga #2 Brazil, Sdo
Paulo, C. do Jorddo. xi.1936. Col.: J Lane. Det.: JL Poppe and MS Gottschalk”.
Deposited at CEIOC/Fiocruz.

Type series. Holotype: labelled “Rhinoleucophenga fusca; HOLOTYPE; sex
undetermined. Locality S&o Paulo, C. do Jorddo. xi.1936. Col.: J Lane. Det: JL Poppe
and MS Gottschalk; v.2014”. Holotype deposited at CEIOC/Fiocruz.
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Diagnosis. Front homogeneously brownish, covered with ca. 40 scattered interfrontal
setulae. Carina nose-like with ca. 50% sulcated. Arista with 8 dorsal and 7 ventral long
branches. Scutum and scutellum brownish. 8 irregular rows of acrostichal setulae.

Wings non-hyaline with costal region brownish.

Description. Head (Fig 20a, c). Front homogeneously brownish, covered with ca. 40
scattered interfrontal setulae; ocellar triangle brownish with ocelli brown. Carina nose-
like with ca. 50% sulcated. Face yellow, gena brownish; antenna with pedicel and
flagellomere homogeneously brownish; arista with 8 dorsal and 7 ventral long branches.

Palpus yellow.

Thorax (Fig 20a, d). Scutum and scutellum brownish. 8 irregular rows of acrostichal
setulae. At least 2 pairs of prescutellar acrostichal setae, the central pair is the longest

one. Pleura brownish; legs yellow; halters yellowish.
Wings (Fig 20e). Non-hyaline, costal region brownish.

Abdomen (Fig 20b). Abdomen with brownish-yellow ground color, with dark brown
irregular spots. Probably the abdominal color is not preserved, as noticed to R.

paraguayensis sp. nov.
Female and male terminalia unknown.
To more measures and indices see Table 1.

Etymology. The species name refers to its brownish general body color. The word fusca

means “obscure” in Latin.
Type locality. Brazil, S&o Paulo state, Campos do Jord&o.
Distribution. Known only from type locality.

Biology. Unknown.

5.1.6. DISCUSSION

The species described here belong to Rhinoleucophenga based on the following
features: strong prescutellar acrostichal setae, frons densely covered with scattered
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interfrontal setulae, surstyli fused to epandrium bearing small peg-like prensisetae,
simple aedeagus (Vilela & Bachli 2009), only two katepisternal setae, postpronotum
with one setae and a pair of divergent basal scutellar setae (Malogolowkin 1946).

Commonly the male’s terminalia morphology has been used to identify
Drosophilidae species (Vilela & Béachli 1990), but some authors have also shown the
females’ terminalia as a useful structure to differentiate species (Sturtevant 1921;
Throckmorton 1962, 1975; Poppe et al. 2015a). Here, nine of the eleven new species
proposed do not present information about the male’s reproductive structures. However,
a comprehensive Rhinoleucophenga species revision was performed, as well as
phylogenetic analyses (data not shown); thus, the set of morphological traits of each
new species proposed, associated to the other analysis not presented in this manuscript,
provide enough information to ensure the described species as new ones.

Rhinoleucophenga punctata sp. nov. resembles R. punctulata Duda and R.
punctuloides Poppe, Schmitz & Valente by its body general morphology, mainly by the
spotted brownish thorax. Beyond differences in the aedeagus structure, R. punctata sp.
nov. differs from the other species by presenting ocellar triangle dark brown, arista with

four dorsal and four ventral short branches and scutellum dark brown without spots.

Rhinoleucophenga paraguayensis sp. nov. resembles R. sulina Poppe et al. by its
general brownish body color and size, abdominal pattern of stripes, number of
prescutellar acrostichal setae and by the length of arista branches. But it differs from R.
sulina by presenting less interfrontal setulae (ca. 40), six dorsal and five ventral long

arista branches, 12 rows of acrostichal setulae and differences in the female terminalia.

Rhinoleucophenga ignota sp. nov., resembles R. missionera Poppe et al. by its
general brownish body color and abdominal pattern of stripes, ca. 40 interfrontal
setulae, arista plumose and hyaline wings. But it differs of R. missionera mainly by its

smaller body size and for presenting only one pair of prescutellar acrostichal setae.

Rhinoleucophenga fusca sp. nov., resembles R. joaquina Schmitz, Gottschalk &
Valente and R. tangaraensis Junges & Gottschalk by the body general color and size,
and by the wing indices. But it differs from both species by the abdominal color pattern

and, from R. joaquina by the length of arista branches.
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Rhinoleucophenga alata sp. nov., R. paulistorum sp. nov., R. fulva sp. nov., and
R. maculosa sp. nov. are all big brown species. Thus, these species resemble R. obesa
(Loew), R. pampeana Poppe et al. and R. gigantea (Thomson) by the body size, and R.
matogrossensis Malogolowkin and R. nigrescens Malogolowkin by the body size and
color. Furthermore, Rhinoleucophenga alata sp. nov., resembles R. pampeana by the
wings with supernumerary veins in the vein Ra.3, R. matogrossensis and R. nigrescens
by the front covered with ca. 200 interfrontal setulae. But R. alata sp. nov. differs from
R. pampeana by its body color and from all species by its pattern of spots in the wings
and by the morphology of its spermathecal capsule. Rhinoleucophenga paulistorum sp.
nov., also resembles the previously mentioned species by presenting 10-12 rows of
acrostichal setulae, but it differs from them by presenting three pairs of prescutellar
acrostichal setae, wings with costal region clouded and a brownish gena with a diffuse
brown spot. Rhinoleucophenga fulva sp. nov., beyond the big size, also presents ca. 200
interfrontal setulae such as R. gigantea, R. obesa, R. pampeana, R. matogrossensis and
R. nigrescens; but it differs from the three first species by its brown body color, and
from the last two species by its abdominal color pattern and brownish wing.
Rhinoleucophenga maculosa sp. nov. differs from all big brown species mentioned

above by its peculiar spotted wing.

Rhinoleucophenga obscura sp. nov., R. nigra sp. nov., and R. brasilis sp. nov.
are also brown species, but smaller than the species mentioned in the previous
paragraph (ca. 3.5 mm). All three species present ca. 40-50 interfrontal setulae and
hyaline wings, such as R. missionera, R. punctuloides and R. angustifrons
Malogolowkin, but they differ from R. punctuloides by the long length of arista
branches, thorax and front without spots and only 1-2 prescutellar acrostichal setae.
Moreover, they differ from R. angustifrons by the body color and head not round
shaped, and from R. missionera mainly by the abdominal color pattern and number of
prescutellar acrostichal setae. Furthermore, they differ among each other by the

abdominal color pattern and by their terminalia traits.

The new species presented here corroborate the high diversity of
Rhinoleucophenga that has been recorded in the Neotropical region, and highlight the
need of describing the species in the current taxonomic patterns of Drosophilidae in

order to avoid taxonomic confusion with similar groups of species, such as the small
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yellow species originally described by Lima (1950) and reviewed by Poppe et al.
(submitted), as well as among the brown species presented here.
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5.1.9. FIGURES

Figure 1: Holotype of R. punctata sp. nov., male, in ethanol. a: general habitus, dorsal

view; b: general habitus, lateral-dorsal view; c: head, frontal view; d: wing (scale bar

1.0 mm, except in c: 0.5 mm).
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Figure 2: Holotype of R. punctata sp. nov. Male terminalia, a: aedeagus, ventral view;
b: aedeagus, lateral view; c: aedeagus, doral view; d: epandrium, posterior view (scale
bar 0.1 mm).
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Figure 3: Holotype of R. alata sp. nov., female, in ethanol. a: general habitus, dorsal
view; b: general habitus, lateral view; c: head, frontal view; d: wing (scale bar 1.0 mm,

except in c: 0.5 mm).
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Figure 4: Holotype of R. alata sp. nov. Female terminalia, a: dorsal view; b:

spermathecal capsule; c: ventral view (scale bar 0.1 mm).
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Figure 5: Holotype of R. paulistorum sp. nov., female, in ethanol. a: general habitus,

dorsal view; b: general habitus, lateral view; c: head, frontal view; d: wing (scale bar 1.0

mm).
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Figure 6: Holotype of R. paulistorum sp. nov. Female terminalia, a: dorsal view; b:

spermathecal capsule; c: ventral view (scale bar 0.1 mm).
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Figure 7: Holotype of R. obscura sp. nov., male, in ethanol. a: head, frontal view; b:

general habitus, lateral-dorsal view; c: wing (scale bar 1.0 mm, except in a: 0.5 mm).
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Figure 8: Holotype of R. obscura sp. nov. Male terminalia, a: aedeagus, dorsal view; b:
aedeagus, lateral view; c: aedeagus, ventral view; d: epandrium, posterior-lateral view

(scale bar 0.1 mm).
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Figure 9: Holotype of R. paraguayensis sp. nov., female, dried. a: general habitus,
lateral view; b: thorax, dorsal view; c: wing; d: abdomen, dorsal view ; e: clarified
abdomen, dorsal view; f: head, frontal view; (scale bar 1.0 mm, except in f: 0.5 mm).
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Figure 10: Holotype of R. paraguayensis sp. nov. Female terminalia, a: dorsal view; b:

spermathecal capsule; c: ventral view (scale bar 0.1 mm).
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Figure 11: Holotype of R. fulva sp. nov., female, in ethanol. a: head, frontal view; b:

general habitus, lateral view; c: wing; d: general habitus, dorsal view (scale bar 1.0 mm,

except in a: 0.5 mm).
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Figure 12: Holotype of R. fulva sp. nov. Female terminalia, a: ventral view; b:

spermathecal capsule; c: dorsal view (scale bar 0.1 mm).
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Figure 13: Holotype of R. maculosa sp. nov., female, in ethanol. a: general habitus,

dorsal view; b: general habitus, lateral view; c: head, frontal view; d: wing (scale bar 1.0

mm, except in ¢: 0.5 mm).
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Figure 14: Holotype of R. maculosa sp. nov. Female terminalia, a: dorsal view; b:

spermathecal capsule; c: ventral view (scale bar 0.1 mm).
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Figure 15: Holotype of R. nigra sp. nov., female, in ethanol. a: general habitus, dorsal
view; b: general habitus, lateral view; c: head, frontal view; d: wing (scale bar 1.0 mm,

except in c: 0.5 mm).
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Figure 16: Holotype of R. nigra sp. nov. Female terminalia, a: dorsal view; b:

spermathecal capsule; c: ventral view (scale bar 0.1 mm).
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Figure 17: Holotype of R. brasilis sp. nov., female, dried. a: general habitus, lateral-
dorsal view:; b: head, frontal view; c: abdomen, dorsal view; d: thorax, dorsal view; e:

wing (scale bar 1.0 mm, except in b: 0.5 mm).
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Figure 18: Holotype of R. brasilis sp. nov. Female terminalia, a: dorsal view; b: ventral

view; c: spermathecal capsule (scale bar 0.1 mm).
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Figure 19: Holotype of R. ignota sp. nov., dried. a: general habitus, dorsal view; b:
head, frontal view; c: general habitus, lateral view; d: wing (scale bar 1.0 mm, except in
b: 0.5 mm).
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Figure 20: Holotype of R. fusca sp. nov., dried. a: general habitus, lateral view; b:
abdomen, dorsal view; c: head, frontal view; d: thorax, dorsal view; e: wing (scale bar

1.0 mm, except in c: 0.5 mm).
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5.1.10. TABLE

Table 1: Complementary measures and indices to the new Rhinoleucophenga specimens. Measures and indices according to Béachli et al. (2004).

*: measures in millimeters (mm); -: measures not available.

R. R. alata R. alata R. R. R. R. obscura R. R.
punctata Holotype Paratype paulistorum paulistorum paulistorum Holotype paraguayensis paraguayensis
Holotype Holotype Paratype Paratype Holotype Paratype
HEAD
Frontal length * 0.46 1.10 1.00 0.68 0.62 0.70 0.54 0.62 0.60
Frontal index 1.15 1.03 1.02 1.03 1.03 1.16 1.35 1.10 1.00
Top-to-bottom frontal width 1.20 0.98 1.04 1.13 1.20 1.13 1.15 1.07 1.06
ratio
Ocellar triangle to front length 0.60 0.25 0.26 0.44 0.38 0.41 0.48 0.38 0.43
ratio
Setae OR1/OR3 ratio 1.03 0.88 0.92 - - - 1.15 1.06 1.05
Setae OR2/0R1 ratio 0.74 0.66 0.65 - - - 0.60 0.58 0.61
Vibrissal index 0.42 0.41 0.57 0.25 0.34 0.28 0.33 0.38 0.31
Cheek index 2.21 4.30 9.37 6.00 6.37 6.62 8.80 6.12 5.44

Eye index 1.18 1.58 1.44 1.26 1.37 1.29 1.22 1.34 1.32
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THORAX

Thorax length* 1.52 3.23 2.96 2.38 2.12 2.38 1.68 1.92 1.94
Strongest prescutellar 66.00 0.95 0.90 59.00 - 59.00 - 60.00 57.00
acrostichal setae, % length

related to posterior

dorsocentral setae

Dorsocentral setae, transverse 4.66X 6.66X 4.46X 3.65X 3.80 4.21X 4.28X 3.75X 4.37X
distance related to longitudinal

distance

Sterno index 1.00 1.07 0.82 0.94 1.00 0.92 0.91 0.96 1.00
WING

Length* 2.50 6.06 5.93 4.20 3.80 4.20 3.25 3.25 3.30
Width* 1.14 2.93 2.75 1.90 1.70 1.90 1.30 1.40 1.60
WING INDICES

C 2.10 4.00 4.22 3.31 2.82 3.42 3.10 3.50 3.44
Hb 0.75 0.26 0.22 0.45 0.39 0.40 0.60 0.53 0.55
Ac 2.06 1.19 1.15 1.23 1.46 1.40 1.42 1.33 1.31
4c 3.00 0.70 0.69 0.92 1.00 0.77 1.11 1.07 0.96
4v 6.59 1.26 1.38 2.02 2.05 1.82 2.59 2.96 2.50



5x

Prox. X

Body length*

3.00

3.00

1.95

3.38

0.46

0.29

0.91

7.20

0.60

0.38

1.04

6.80

1.42

0.75

1.00

4.75

1.44

0.68

0.84

4.50

1.57

0.66

0.71

4.60

1.69

0.81

1.03

3.50

1.23

1.15

3.50

1.76

1.00

1.13

3.80
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Table 1: continued.

R. fulva  R. maculosa R. nigra  R. brasilis R. brasilis R. ignota R. fusca
Holotype Holotype Holotyp Holotype Paratype Holotype Holotype
e

HEAD

Frontal length * 0.92 1.02 0.62 0.56 0.54 0.50 0.58
Frontal index 1.15 1.15 1.03 1.03 1.12 1.08 1.16
Top-to-bottom frontal width 1.00 1.06 0.93 1.01 1.04 1.17 1.12
ratio

Ocellar triangle to front length 0.28 0.29 0.35 0.32 0.33 0.44 0.37
ratio

Setae OR1/0R3 ratio 1.38 0.89 0.90 1.00 0.85 - 1.12
Setae OR2/0OR1 ratio 0.52 1.04 0.72 0.66 0.79 - 0.72
Vibrissal index 0.45 0.33 0.23 0.26 0.36 - 0.28
Cheek index 11.81 8.10 8.16 6.92 8.20 3.85 9.00
Eye index 1.38 1.44 1.44 1.45 1.46 1.26 1.40
THORAX

Thorax length* 2.58 2.86 1.80 1.66 1.51 1.60 1.72



Strongest prescutellar acrostichal 68.00 83.00 62.00 58.00 52.00 - 56.00
setae, % length related to

posterior dorsocentral setae

Dorsocentral setae, transverse 4.60X 3.12X 3.36X 3.52X 2.94X - 4.83X
distance related to longitudinal

distance

Sterno index 0.97 0.92 0.96 - - - 1.00
WING

Length* 4.50 5.25 3.40 3.00 3.00 2.90 3.50
Width* 1.95 2.35 1.60 1.40 1.40 - 1.50
WING INDICES

C 4.16 2.50 1.13 7.58 7.69 - 3.18
Hb 0.53 0.85 0.18 0.35 0.34 0.44 0.57
Ac 1.00 1.44 3.58 1.19 1.30 1.66 1.32
4c 0.63 1.14 2.50 0.96 0.86 - 1.00
4v 1.53 1.60 2.00 2.00 1.83 - 2.30
5x 0.95 0.54 1.93 1.71 1.85 - 1.47
M 0.48 0.41 0.93 0.82 0.86 - 0.75
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Prox. X 0.80 1.29 0.77 0.93 0.71 - 0.90

Body length* 5.40 5.75 3.50 3.45 3.20 3.25 3.40
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6. CAPITULO VI

(Manuscrito para submisséo ao periédico Entomological Science)
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recorded in the Neotropical region based on molecular, morphological and
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6.1.1. ABSTRACT

Rhinoleucophenga is a genus endemic to the New World and R. obesa seems to
be the most widespread of its species, being recorded from United States of America up
to the South of Brazil. Nevertheless, there are some uncertainties about the real identity
and distribution of this interesting species. In this paper, we looked for morphological
characters able to discriminate R. obesa from its sibling species, R. gigantea.
Redescription of R. obesa Lima (1935) and R. obesa Malogolowkin (1946) are

presented and comparisons of R. obesa specimens from different localities in Brazil are
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performed. Plates of females’ terminalia of R. obesa and R. gigantea are presented for
the first time. The epandrium and the spermathecal capsules revealed useful
characteristics to differentiate R. obesa from its sibling species, and these morphological
differences were corroborated by a sequence fragment of COI. The specimens described
by Malogolowkin (1946) and Lima (1935) seem to comprise the same species, probably
R. obesa. Specimens from the South of Brazil, previously identified as R. obesa, were
determined as R. gigantean, which restricts the distribution limits of R. obesa in South
America. Rhinoleucophenga obesa sensu Malogolowkin (1946) and R. gigantea were
recorded for the first time in a coast environment and in the Brazilian savannah,
respectively. Therefore, the present study corresponds to an advance to the taxonomic
definition of R. obesa.

Keywords: COI; Drosophila; Rhinoleucophenga gigantea; Steganinae; Systematics.

6.1.2. INTRODUCTION
The genus Rhinoleucophenga encompasses at least 29 species (Poppe et al.

2015, Vidal & Vilela 2015), being recorded in the New World from 37°N to 34°S
(Vilela 1990). In this context, R. obesa (Loew) seems to be the most widespread of the
Rhinoleucophenga species. This species was described from specimens collected in
Texas (Loew 1872) and, currently, it presents records ranging from the United States of
America up to the south of Brazil.

Lima (1935) firstly described important ecological aspects about the behavior of
R. obesa, identifying it as a predator of Aclerda campinensis (Hemiptera: Coccidae).
Malogolowkin (1946) described many species to Rhinoleucophenga, and identified nine
specimens collected in Mato Grosso State, Brazil, as R. obesa. After that, other
specimens identified as R. obesa were recorded in different Brazilian biomes (De Toni
et al. 2007, Blauth & Gottschalk 2007, Hochmdiller et al. 2010, Poppe et al. 2014).
However, many uncertainties about the identity of R. obesa are mentioned by some
authors (Wheeler 1952, Wheeler & Takada 1971, Vilela 1990, Poppe et al. 2015a).
McAtee (1924) mentioned R. obesa as a widespread species and also as a synonym of
R. pallida Hendel; that species are highly similar morphologically but they differ by the
aedeagus traits (Grimaldi 1990) and by vein M-IV strongly clouded in R. pallida
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(personal observation). Consequently, the real distribution of R. obesa remains
uncertain; furthermore, some authors also stress that the name R. obesa may indeed
comprise a group of sibling species, including R. gigantea (Thomson) (Vilela 1990).

The possibility of occurrence of other species among this “obesa — gigantea”
sibling group is acceptable due to three main reasons. First, as a consequence of the
high diversity of this genus that has been recently noticed (Poppe et al. 2015a). Second,
due to the wide latitudinal range of the records of R. obesa (37°N-34°S) (Vilela 1990,
Bachli 2015), once this wide distribution is associated with great climatic variation,
which directly influence the distribution patterns of Drosophilidae species (Poppe at al.
2015b), being able to conduct to evolutionary bottlenecks or even to the raising of
geographic races (Parsons 1989, Hasson et al. 1993). And finally, due to the lack of a
review of old descriptions of Rhinoleucophenga species collected along Nearctic and
Neotropical regions.

Reviewing the taxonomic status of R. obesa is especially important due to the
high representativeness of this species in many phylogenetic studies (Throckmorton
1975, Grimaldi 1990, Remsen & O’Grady 2002, Sidorenko 2002, Otranto et al. 2008,
Van der Linde et al. 2010, Yassin 2013). So, besides elucidating some taxonomic
problems in Rhinoleucophenga, especially related to long time processes of
misidentification of sibling species, and uncertainties on the geographic distribution of
the related species, the review of specimens identified as R. obesa in the Neotropical
region will add to the knowledge related to the evolution of the genus as a whole. So, in
this paper, we look for morphological characters able to discriminate R. obesa from its
sibling species, R. gigantea, as supported by molecular data. Since we could not analyze
the type-series of R. obesa and there are no terminalia illustrations available for such
specimen, we provided redescriptions of R. obesa sensu Lima (1935) and R. obesa
sensu Malogolowkin (1946), once the definition of R. obesa is generally based on these
specimens. After that, some specimens mentioned in literature as R. obesa were
reviewed and determined as R. gigantea (Poppe et al. 2014); which restricted the

distribution range of the target species.
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6.1.3. MATERIALS AND METHODS
Specimens Morphology Analysis

Descriptions are based on the terminology, measures and indices given by
Bachli et al. (2004), which were done with an ocular reticle inserted into a Zeiss
stereomicroscope. Measurements in the text represent averages followed by the ranges
in parentheses. Male and female terminalia were disarticulated in glycerol after
treatment with 10% potassium hydroxide (KOH) and acid fuchsine (Bachli et al. 2004).
The terminalia were mounted in a piece of glycerine jelly (ca. 2 x 2 x 2 mm) (Grimaldi
1987), stored in microvials with glycerol and pinned with the respective specimen.
Photos of the specimens were taken with a digital camera coupled to an optical
stereomicroscope. Drawings of the terminalia were made with a camera lucida system
attached to a compound microscope with 40x and 10x objective lenses and a 10x ocular
lens, with terminalia in the glycerine jelly, avoiding any compression of the structures
that could alter the morphology.

Specimens identified as R. obesa collected in Brazil from the municipality of
Bossoroca, Rio Grande do Sul (28°45°01”’S 54°56°55”W — Poppe et al. 2014); from Séo
Domingos, Goias (13°39’S 46°45°W — Mata et al. 2008); from Tangara da Serra, Mato
Grosso State (14°39°05”S 57°25°25”W) and from Porto de Galinhas, Pernambuco
(8°30°30”’S 35°0°20”W) (Fig. 1) were morphologically compared among each other and
also with R. obesa described by Lima (1935) and Malogolowkin (1946).

All the analyzed specimens are deposited in the Entomological Collection of the
Institute Oswaldo Cruz (CEIOC), at Fundagdo Oswaldo Cruz (Fiocruz), Rio de Janeiro,
Brazil.

DNA Extraction and PCR Amplification

Total DNA of individuals flies preserved in 70% ethanol was extracted
according to the DNeasy Blood & Tissue Kit (Qiagen) instructions. A fragment of the
mitochondrial Cytochrome oxidase subunit I (COI) gene was amplified by PCR, using a
TY-J-1460 and C1-N-2329 primer set (Simon et al. 1994).

The COI gene amplification was performed in reactions of 10uL using 20 ng of
DNA, 1U Taq Platinum, 1 x reaction buffer, 1.5 mM MgCl,, 20 pM of each primer and
200 uM of each nucleotide. The PCR conditions were 35 cycles (45 s at 95°C, 45 s at
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53°C, and 1 min at 72°C), with initial denaturation at 95°C for 5 min and final extension
at 72°C for 5 min.

The effectiveness of each amplification was verified by electrophoresis. PCR
amplicons were purified by Exonuclease | (10 U/ul) and Shrimp Alkaline Phosphatase
(1 U/ul). DNA sequencing was performed directly from the purified amplicons at
Macrogen (Seoul, South Korea), employing the same forward and reverse COI primers
described by Simon et al. (1994).

The list of specimens employed in this study as well as the accession numbers of
all generated COI gene sequences are shown in Table 1. DNA extractions were
performed only with specimens from Bossoroca (four specimens) and Porto de Galinhas
(one specimen). Specimens from the other regions were not included in the molecular

analysis due to sampling or conditioning shortages.

Sequence Analysis

The obtained sequences were assembled and edited using the Staden Package
(Staden 1996). Consensus sequences were aligned using the Clustal W algorithm,
implemented with Mega 6 (Tamura et al. 2013). The final alignment of the COI data set
was verified against published COI sequences of other Drosophilidae species available
in GenBank. The authenticity of the produced mtDNA sequences was verified by using
an on-line protein translator system available at http://web.expasy.org/translate/. The
nucleotide substitution saturation of the sequences was accessed using the Xia’s method
in DAMBE 5 (Xia 2013) software.

Pairwise genetic divergences of COI sequences were calculated using the
Kimura two-parameter (K2P) model in Mega 6 (Tamura et al. 2013), with 10,000
bootstrap replicates, as suggested by Hebert et al. (2003) for DNA barcoding.

The automatic barcode gap discovery (ABGD) species delineation tool
(Puillandre et al. 2012) was used as a supplementary method to verify species
delimitation between the specimens from Bossoroca and Porto de Galinhas. ABGD is
an automated iterative process that sorts sequences into putative species based on
pairwise distances, without an a priori species hypothesis. This algorithm automatically
detects significant differences between intra and interspecific variations (barcoding

gaps). The aligned sequences of all haplotypes were uploaded to the web interface at
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http://wwwabi.snv.jussieu.fr/public/abgd/ and the run was performed with the default

settings.

Phylogenetic Analyses

To the phylogenetic analyses, additional Rhinoleucophenga species were
included (R. pampeana Poppe et al. and R. trivisualis Poppe, Schmitz & Valente
(GenBank accession number: KU756239 and KU728936, respectively)). As outgroup,
COI sequences from Leucophenga angusta and L. quadripunctata were included in the
analyses (GenBank accession number HQ842780.1 and HQ842781.1, respectively).

Phylogenetic analyses were conducted using neighbor-joining (NJ) in Mega 6
(Tamura et al. 2013) and Bayesian inference (Bl) in MrBayes 3.1.2 (Ronquist &
Huelsenbeck 2003). For NJ analyses, we used the model of nucleotide substitution
suggested by Hebert et al. (2003) for DNA barcoding with 10,000 bootstrap replicates.
Bayesian phylogenetic analysis was performed using the GTR+1 model according to the
Akaike information criterion (Akaike 1974) obtained in MrModeltest 2.2.1 (Nylander
2004). Posterior distributions of parameters, including tree topology and branch lengths,
were estimated using Markov chain Monte Carlo sampling. Samples from the posterior
distribution were drawn every 1,000 generations over a total of 1,000,000 generations.
The first 25% of samples were discarded as burn-in.

The analysis involved nine nucleotide sequences. Codon positions included were

1st+2nd+3rd. There were a total of 847 positions in the final dataset.

6.1.4. RESULTS

Redescription of R. obesa specimens determined by Lima (1935) and Malogolowkin
(1946)

Rhinoleucophenga Hendel
Rhinoleucophenga Hendel (1917): 44-45
Pseudophortica Sturtevant (1918): 37
Gitona (in New world) Brake & Béchli (2008): 291

Rhinoleucophenga obesa
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(Figures 2a-c, 3a-d, 4a-d, 5a-c, 7a-e, 8a-b, 9a-b, 13a-c; Table 2)

Drosophila obesa Loew (1872): 102-103; Phortica hirtifrons Johnson (1913): 88;
Pseudophortica obesa Sturtevant (1918): 37; Rhinoleucophenga obesa Malloch &
McAtee (1924): 33.

Rhinoleucophenga obesa sensu Lima 1935
(Figure 2a-c; Table 2)

Examined Material: A female labeled “R. obesa. Tube N° 1085/2116, specimen N°
2419”. A male specimen with the terminalia disarticulated labeled “R. obesa. Tube N°
1085/2116, specimen N° 2419”. A wing in a slide numbered as 2365. Specimens from
Rio de Janeiro, Brazil. All specimens are deposited in the Colecdo Entomoldgica do
Instituto Oswaldo Cruz (CEIOC)/ Fiocruz.

Diagnosis. General body color brownish; front covered with ca. 200 scattered
interfrontal setulae. Frontal index 1.87 (1.75-2.00); Carina nose-like and ca. 90%
sulcated; arista with 9 long dorsal branches and 7 long ventral branches. Spotted wing.
Body length ca. 5.00 mm.

Description. Head (Fig. 2c). Front ventrally brownish and superiorly yellowish,
covered with ca. 200 scattered interfrontal setulae; ocellar triangle yellowish (or brown
in some specimens) with dark brown ocelli. Carina nose-like and ca. 90% sulcated. Face
yellowish; gena brownish; antenna with flagellomore and pedicel homogeneously
brownish; arista with 9 long dorsal branches and 7 long ventral branches. Palpus
brownish with ca. 50 (40-60) setae on lower part.

Thorax (Fig. 2a-b). Scutum brownish (with diffuse brown stripes in some specimens)
and scutellum homogeneously yellow. 12 irregular rows of acrostichal setulae. Three
pairs of prescutellar acrostichal setae. Pleura yellowish; halteres yellow-brownish. Legs
homogeneously yellow.

Wings (Fig. 2a). Non-hyaline, with distal and proximal spots. Vein Dm-Cu and R-M
clouded.

Abdomen. Abdomen all black (color probably not preserved).
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Terminalia. Probably the aedeagus and epandrium depicted in Lima (1950) belonged to
the dissected specimen. The terminalia was not localized.

To more measures and indices see Table 2.

Rhinoleucophenga obesa sensu Malogolowkin 1946
(Figures 3a-d, 4a-d, 5a-c; Table 2)

Examined Material: Nine specimens labeled “R. obesa #1 Brazil, Mato Grosso,
Salobra; 2. ix. 1940 Det.: C. Malogolowkin, in 1946. N° 8127”. “R. obesa #29 Brazil,
Mato Grosso, Salobra; 2. ix. 1940 Det.: C. Malogolowkin, in 1946”. “R. obesa #3J
Brazil, Mato Grosso, Salobra; 2. ix. 1940 Det.: C. Malogolowkin, in 1946”. “R. obesa
#4 Brazil, Mato Grosso, Salobra; 2. ix. 1940 Det.: C. Malogolowkin, in 1946. N° 8129”.
“R. obesa #5 Brazil, Mato Grosso, Salobra; 2. ix. 1940 Det.: C. Malogolowkin, in 1946.
N° 8130”. “R. obesa #6% Brazil, Mato Grosso, Salobra; 2. ix. 1940 Det.: C.
Malogolowkin, in 1946”. “R. obesa #72 Brazil, Mato Grosso, Salobra; 2. ix. 1940
Det.: C. Malogolowkin, in 1946. N° 8126”. “R. obesa #8 Brazil, Mato Grosso, Salobra;
2. ix. 1940 Det.: C. Malogolowkin, in 1946. N° 8128”. “R. obesa #99 Brazil, Mato
Grosso, Salobra; 2. ix. 1940 Det.: C. Malogolowkin, in 1946”. Specimens #0372, #0773
and #09% had the postabdomen disarticulated stored in a microvial with glycerin and
attached with the respective specimen. All specimens are deposited in the Colecédo

Entomoldgica do Instituto Oswaldo Cruz (CEIOC)/ Fiocruz.

Diagnosis. General body color yellow-brownish; front covered with ca. 200 scattered
interfrontal setulae. Frontal index 1.79 (1.65-1.91); Carina nose-like and ca. 70%
sulcated; arista with 10 (8-11) long dorsal branches and 7 (6-8) long ventral branches.
Spotted wing. Body length ca. 5.02 (4.80-5.50) mm. Male and female terminalias as in
figures 4a-d and 5a-c, respectively.

Description. Head (Fig. 3a-c). Front homogeneously brownish, covered with ca. 200
scattered interfrontal setulae. Ocellar triangle brownish with brown ocelli. Carina nose-
like and ca. 70% (60-75) sulcated. Face and gena yellowish; antenna with flagellomore
homogeneously brownish, pedicel yellow; arista with 10 (8-11) long dorsal branches

and 7 (6-8) long ventral branches. Palpus yellowish with ca. 50 setae on lower part.
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Thorax (Fig 3a-b). Scutum and scutellum brownish (with diffuse brown stripes in some
specimens). 12 irregular rows of acrostichal setulae. Three pairs of prescutellar
acrostichal setae, the central one is the longest. Pleura brownish; halteres yellowish.
Legs homogeneously yellow.

Wings (Fig. 3a). Non-hyaline, with distal and proximal spots. Vein Dm-Cu, R-M and
costal cell clouded.

Abdomen (Fig. 3d). Proximally brownish and distally dark brown; tergites with dark
brown stripes continuous.

Male terminalia (Fig. 4a-d). Aedeagus round shaped, the base slightly wider than the
apical portion, curved dorsal-ventrally, with a dorsal structure projected medially into
the top. Epandrium microtrichose, fused with surstyli with ca. 26 prensisetae, curvedly
inserted. Ventral lobe with ca. 30 setae each one. Cerci microtrichose elongated, basely
wider, with ca. 10 apical longer setae each one.

Female terminalia (Fig. 5a-c). Cerci long and well sclerotized with 2 longer apical setae
on each one. Epiproct with ca. 10 setae. Hypoproct with ca. 50 setae. Spermathecal
capsule elongated with basal introvert reaching ca. 2/3 of inner capsule, length to width
ratio = 1.56.

To more measures and indices see Table 2.

Other specimens sampled in the Neotropical region

The specimens from the municipality of Bossoroca (Poppe et al. 2014) (Fig. 6a-
d), Sdo Domingos (Mata et al. 2008), Porto de Galinhas (Fig. 7a-e) and Tangara da
Serra, all presented the following diagnosis: General body color yellow-brownish; front
covered with ca. 200 scattered interfrontal setulae. Carina nose-like and ca. 90%
sulcated; arista with 7-9 long dorsal branches and 7 long ventral branches. 2-3 pairs of
long prescutellar acrostichal setae. Wing non-hyaline, with tip of veins Ry.3 and Rs+s
apical, vein C-lll, Dm-Cu and R-M clouded. Abdomen dorsal-proximally yellow-
brownish, laterally brown and distally dark brown. Body length ca. 5.00 mm.

Nervertheless, despite these similarities in the body external morphology,
differences in the male terminalia were noticed among the specimens, mainly in the
epandrium (Fig. 8a-f). The specimens collected in Porto de Galinhas (Fig. 9a-b) and
Tangara da Serra presented aedeagus and epandrium similar to the species described by
Lima (1935) and Malogolowkin (1946) (Fig. 4a-d); the main similarity in the epandrium
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Is the ventral lobe with ca. 26 prensisetae in a concave curved row, and a larger ventral
prominence without prensisetae. Differently, specimens from Bossoroca present the
ventral lobe of epandrium with ca. 20 prensisetae in a straight row inserted in the total
ventral extension (Fig. 10). However, among the specimens from Bossoroca, some
variation in the shape of epandria ventral lobe was also noticed (Figs. 8c-d and 8e-f).
Concerning the females reproductive structures, females from S&o Domingos
and Bossoroca present spermathecal capsules with “spicules” (Figs. 11 and 12,
respectively). This is the most evident difference with the specimens from Porto de
Galinhas and from the specimens identified by Malogolowkin (1946) (Figs. 13 and 5,

respectively).

Molecular and phylogenetic diagnostic

The final alignment consisted of nine sequences of 847bp of the COIl gene.
These sequences contained 158 variable sites (18.65%), of which 101 (11.92%) were
parsimony informative. The sequences were not saturated, based on an Iss that was
significantly lower than the critical Iss (Iss = 0.1093, Iss.c = 0.7792, P < 0.0001). All
ordinary specimens from Bossoroca compound a strongly supported clade through the
NJ and BI analyses (Figs. 14 and 15, respectively). Interesting, in both analyses that
clade was closer to R. pampeana than to the branch of R. obesa from Porto de Galinhas,
although support for this relationship was low (0.82 and 64 in the Bl and NJ analyses,
respectively). The only difference between the phylogenetic analyses was in the clades
support values, which were higher in the Bl analysis.

Based on COI sequences, genetic divergence values higher than 4% were
noticed among the specimens from Porto de Galinhas and Bossoroca (Table 3). The
divergence between individuals from Bossoroca ranged from 0.00% to 0.49%, while the
mean divergence presented by this population was 0.24%. The divergence between
Bossoroca males with different epandrium (Figure 8c-d and 8e-f) ranged from 0.00% to
0.12%; whereas males with equal epandrium morphology (Boss spp_2 and
Boss _spp_3; Figs. 8c and 8d, respectively) presented a divergence of 0.12%.
Differently, the divergence level among specimens from Bossoroca and from Porto de
Galinhas was more pronounced, ranging from 4.52% to 4.78%, with a mean divergence

of 4.58%. Complementarily, the result obtained applying the ABGD algorithm to the
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COlI data set showed a barcoding gap between populations from Porto de Galinhas and
Bossoroca.

6.1.5. DISCUSSION

Previously the number of branches in the arista was considered as a diagnose
character (Malogolowkin 1946, Poppe et al. 2014) to distinguish R. obesa from R.
gigantea, but after analyzing many specimens, we noticed that this is a highly variable
character. Thus, through the body external general morphology patterns, it was
impossible to distinguish the specimens of R. obesa sensu Lima (1935), sensu
Malogolowkin (1946), from Tangara da Serra and Porto de Galinhas from their sibling
species, R. gigantea, sampled in Bossoroca and Sdo Domingos. Likewise, the aedeagus
general form is really similar between those species; if comparisons are done with each
aedeagus in different angles, they can erroneously present the same form. On the other
hand, the epandrium presents useful characteristics to differentiate the specimens: there
are 20 prensisetae in a straight row in the specimens from Bossoroca, as well as in R.
gigantea redescribed by Vilela (1990) (Figs. 8c-f and 10c; Figs. 1-2 in Vilela 1990), and
26 prensisetae in a concave curved row in the R. obesa specimens of C. Malogolowkin
(Fig. 4d) and in the specimen from Porto de Galinhas (Fig. 9a) and Tangara da Serra.
Additionally, the epandrium ventral lobe in the three last specimens present a larger
ventral portion without prensisetae (Figs. 4d and 9a), while in R. gigantea the edge of
ventral lobe is almost totally inserted by prensisetae, again as noticed to the specimens
from Bossoroca (Figs. 8c-f and 10c; Figs. 1-2 in Vilela 1990). Thus, the specimens from
Bossoroca, South of Brazil, were misidentified as R. obesa by Poppe et al. (2014), and
they actually belong to R. gigantea. So, the specimens described by Malogolowkin
(1946), Lima (1935) and those sampled in Porto de Galinhas and Tangara da Serra are
the same species, defined as R. obesa. Furthermore, the specimen of R. obesa with the
disarticulated terminalia in the examined material of A.C. Lima probably corresponds to
the specimen whose aedeagus and epandrium was depicted by Lima (1935, Fig. 3).
Although that terminalia could not be directly analyzed, in his depiction it is possible to
observe clearly the same disposition of the prensisetae in a concave row as in
Malogolowkin's specimens. Vilela (1990) suggested that the concave shape of the

prensisetae row in the epandrium depicted by Lima (1935) could be an artifact of
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compression by a slide or the specimen could belong to another species; however, we
observed this same concave shape of the prensisetae row in the other R. obesa
specimens analyzed, without compression by any slide. So, we suggest that the Lima's
specimen is conspecific with Malogolowkin specimens, and that the concave shape is
the original shape of that structure.

There are many available literatures that mention R. obesa in the results or
discussions (Duda 1927: 41-43, Brimley 1938: 388, Patterson 1943: 15 (table 1), 19
(table 4), 21 (table 5), 36, Parish & Cushing 1938: 754 (table 3), Wheeler 1952: 193-
194, Grimaldi 1988: 185, Grimaldi 1990: 100 (figure 542), 134, Remsen & O’Grady
2002: 261 (appendix B), Van der Linde et al. 2010: 29 (figure 3) and Yassin 2013:
suplementary table 1, suplementary file S2), and others recording the species in the
states of Rio Grande do Sul and Santa Catarina, South of Brazil (De Toni et al. 2007:
366 (table 1), 367 (table 2), 368 (table 3), 370 (table 4), 371 (table 5), 372 (table 6), 375
(table 8), Gottschalk et al. 2007: 854 (table 1) and Hochmuller et al. 2010: 290 (table
2), 294). However, we are not sure if all of them refer to the same species, as well as if
that is the same R. obesa sensu Malogolowkin (1946). Even that some of them provided
illustrations of terminalia (such as Wheeler & Takada (1971: 227, figures 4a-e),
specimen collected in Texas), but the epandrium was illustrated in an angle that does
not allow to safely confirm it as a conspecific specimen to R. obesa sensu
Malogolowkin. On the other hand, the female spermathecal capsule presented by
Throckmorton (1962: 272, figure 33.2), also for a specimen collected in Texas, differs
from the spermathecal capsule of the female of Malogolowkin’s specimens (Fig. 5C). In
the same way, the spermathecal capsules of the specimens from Sdo Domingos and
Bossoroca (Figs. 11b and 12b, respectively) differ from the morphology of
Malogolowkin and Porto de Galinhas specimens (Figs. 5¢ and 13b, respectively) by the
presence of “spicules” in the former ones. Thus, the female specimen from Bossoroca
must be a female of R. gigantea, once all males were defined as R. gigantea specimens
in that region. It is the first female terminalia representation of R. gigantea.
Furthermore, it is the first record of R. gigantea in the Brazilian savannah (S&o
Domingos), Cerrado biome.

Additionally, fragments of COI revealed to provide complementary evidence to

morphology, helping to distinguish R. gigantea specimens from R. obesa, as well as to
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indicate intraspecific variation among the R. gigantea specimens with different
epandrium shape. DNA barcoding is based on the premise that a short standardized
sequence of DNA can distinguish between individuals of a species, because genetic
variation between species is likely to exceed that found within a single species (Hebert
et al. 2003). Thus, it is a valuable genetic tool to reveal cryptic species previously
unrecognized through the analysis of standard morphological variation (Hebert et al.
2004). The distinction between R. obesa and R. gigantea specimens is further
corroborated by the clades obtained in the phylogenetic analysis. The phylogenetic
position of R. pampeana as sister to R. gigantea, to the exclusion of R. obesa also
reinforces this distinction. Rhinoleucophenga pampeana presents a high morphological
similarity with both species, except by the supernumerary veins present in the wings
(Poppe et al. 2014, 2015a).

According to some authors (Hajibabaei et al. 2006, 2007, Waugh 2007, Yassin
et al. 2010, 2013) no single approach can provide a definitive conclusion on species
boundaries. So, molecular, distributional and morphological data must provide
complementary evidences, and this defines the approach commonly known as
Integrative Taxonomy. The presented morphological evidences to differentiate R. obesa
and R. gigantea were corroborated by the molecular data. Considering this, the
geographical distribution of both species must be revised. Beyond the type series of R.
gigantea from Buenos Aires, Argentina (Vilela 1990), its occurrence is confirmed for
southern Brazil (Bossoroca, Rio Grande do Sul) and firstly recorded in Central Brazil
(S&o Domingos; Cerrado biome), its new northernmost locality. On the other hand, R.
obesa, as defined here, is confirmed only for Rio de Janeiro (Lima 1935), Salobra, Mato
Grosso do Sul (Malogolowkin 1946), Tangara da Serra, Mato Grosso and Porto de
Galinhas, Pernambuco. Its occurrence in other localities previously mentioned in the
literature needs further confirmation, and several of them may be, actually, its sibling R.
gigantea, or even other sister cryptic species.

So, the problem related to the identity of R. obesa was not totally solved, since
the holotype, from Texas, USA, has yet to be checked and compared to the Brazilian
specimens; according to Vilela (1990) it is probably deposited in the Museum of

Comparative Zoology at Harvard. However, the present study represents an important
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advance in discriminating the two species occurring in Brazil, one probably R. obesa
and the other certainly R. gigantea.
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6.1.8. FIGURES

Figure 1: Geopolitical map of South America with the points of recorded R. gigantea
specimens: (1) Bossoroca, Rio Grande do Sul, (2) Sdo Domingos, Goias; and R. obesa
specimens: (3) Tangara da Serra, Mato Grosso, (4) Porto de Galinhas, Pernambuco. (L)
Rio de Janeiro, Lima’s specimens; (M) Salobra, Mato Grosso do Sul, Malogolowkin’s

specimens.
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Figure 2: Ordinary specimen of R. obesa determined by A. C. Lima (1935). a: general
habitus, lateral view; b: general habitus, dorsal view; c: head, frontal view (scale bar 1.0

mm).
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Figure 3: Ordinary specimen of R. obesa determined by C. Malogolowkin (1946). a:
general habitus, lateral view; b: thorax, dorsal view; c: head, frontal view; d: abdomen,

dorsal view (scale bar 1.0 mm, except in ¢: 0.5 mm).
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Figure 4: Male terminalia of an ordinary specimen of R. obesa (#03J) determined by C.
Malogolowkin (1946). a: aedeagus, dorsal view; b: aedeagus, lateral view; c: aedeagus,

ventral view; d: epandrium (scale bar 0.1 mm).
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Figure 5: Female terminalia of an ordinary specimen of R. obesa (#099) determined by
C. Malogolowkin (1946). a: dorsal view; b: ventral view; c: spermathecal capsule (scale

bar 0.1 mm).
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Figure 6: Ordinary specimen of Rhinoleucophenga gigantea from Bossoroca, Rio
Grande do Sul, previously identified as R. obesa (Poppe et al. 2014). a: head, frontal

view; b: thorax, dorsal view; c: abdomen, dorsal view; d: wing (scale bar 0.5 mm).
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Figure 7: Ordinary specimen of R. obesa from Porto de Galinhas, Pernambuco. a:
general habitus, dorsal view; b: general habitus, lateral view; c: wing; d: head, frontal

view; e: abdomen, dorsal view (scale bar 1.0 mm).
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Figure 8: Epandrium of ordinary specimens of Rhinoleucophenga. a: R. obesa specimen
from Porto de Galinhas, Pernambuco; b: R. obesa specimen determined by C.
Malogolowkin (1946); c: Boss_spp_3; d: Boss_spp_2; e: Boss_spp_4; f: specimen from
Bossoroca, Rio Grande do Sul. Arrows point to the different epandrium ventral lobe
morphology among the specimens from Bossoroca. Note: here the specimens c-f were

determined as R. gigantea.
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Figure 9: Male terminalia of an ordinary specimen of R. obesa from the Porto de

Galinhas, Pernambuco. a: epandrium; b: aedeagus, ventral view (scale bar 0.1 mm).
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Figure 10: Male terminalia of an ordinary specimen of Rhinoleucophenga gigantea
from Bossoroca, Rio Grande do Sul, previously identified as R. obesa (Poppe et al.
2014). a: aedeagus, dorsal view; b: aedeagus, ventral view; c: epandrium (scale bar 0.1

mm).

Prensisetae

Epandrium
Ventral Lobe



239

Figure 11: Female terminalia of an ordinary specimen of R. gigantea from Sé&o
Domingos, Goias. a: ventral view; b: spermathecal capsule; c: dorsal view (scale bar 0.1

mm).
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Figure 12: Female terminalia of an ordinary specimen of Rhinoleucophenga gigantea
from Bossoroca, Rio Grande do Sul, previously determined as R. obesa (Poppe et al.

2014). a: dorsal view; b: spermathecal capsule; c: ventral view (scale bar 0.1 mm).
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Figure 13: Female terminalia of an ordinary specimen of R. obesa from Porto de

Galinhas, Pernambuco. a: ventral view; b: spermathecal capsule; c: dorsal view (scale

bar 0.1 mm).
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tree obtained from a 847-bp alignment of

e sequences of Rhinoleucophenga specimens.
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Figure 15: Consensus tree obtained from a 847-bp alignment of cytochrome c¢ oxidase
subunit | (COI) gene sequences of Rhinoleucophenga specimens by using Bayesian
inference. Numbers at nodes represent posterior probabilities values (1,000,000

generations).
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6.1.9. TABLES

Table 1: Collecting sites data and GenBank accession numbers to the gene sequences of cytochrome c oxidase subunit I (COI) of
Rhinoleucophenga sibling specimens used in the phylogenetic analysis. Boss_spp: specimen of R. gigantea from Bossoroca; Port_Gal_spp:
specimen of R. obesa from Porto de Galinhas.

Specimens Collection site Latitude (S) Longitude (W) GenBank
accession numbers

Boss_spp_1 Bossoroca, Rio Grande do Sul, 28°45'01” 54°56’55” KU728955
Brazil

Boss_spp_2 Bossoroca, Rio Grande do Sul, 28°45'01” 54°56’55” KU728956
Brazil

Boss_spp_3 Bossoroca, Rio Grande do Sul, 28°45'01” 54°56’55” KU728957
Brazil

Boss_spp_4 Bossoroca, Rio Grande do Sul, 28°45'01” 54°56’55” KU728958
Brazil

Port_Gal_spp Porto de Galinhas, 8°30'30” 35°0'20” KU728954

Pernambuco, Brazil
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Table 2: Measures and indices of the Rhinoleucophenga obesa specimens described by A. C. Lima (1935) and C. Malogolowkin (1946).

Indices according to Bachli et al. (2004). *: measures in millimeters (mm); -: measures not available.

Species originally described
by A. Costa Lima in 1935

Species originally described
by S. Malogolowkin in 1946

R. obesa 3 R. obesa Q R. R. R.
R. R. R R . .
Tube Tube obesa obesa obesa obesa obesa obesa obesa obesa obesa

#1085/2116 #1086/211 w1l wo2o "3 wos wos #os "7 pos 109
HEAD 2419 6-2419 3 a 0
Frontal length * 0.93 0.84 100 088 086 070 096 092 - 094 086
Frontal index 2.00 1.75 182 182 187 191 174 173 - 165 175
Top-to-bottom frontal 1.08 1.00 095 100 1.00 1.00 097 1.03 - 097 0.99
width ratio
Ocellar triangle to front 0.32 0.26 026 030 033 031 029 024 - 026 026
length ratio
Setae orl/or3 ratio 1.17 1.09 - 0.95 - - - - - - -
Setae or2/orl ratio 0.57 0.50 - 0.53 - - - 0.54 - - -
Vibrissal index 0.39 0.45 024 034 - 035 030 034 - 029 041
Cheek index 11.33 10.50 10.00 10.00 10.67 10.60 11.17 11.09 - 971 10.91
Eye index 1.51 1.34 143 136 145 136 146 153 - 151 1.50
THORAX
Thorax length* 3.06 2.91 263 300 272 241 303 250 266 267 2.73
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Strongest prescutellar
acrostichal setae. % length

. 61 67 - 62 60 63 - 71 66 67 67 65
related to posterior
dorsocentral setae
Transverse distance
between dorsocentral 4.36X 4.50X . 3.92X 4.44X 440X - 460X - 400X 457X 3.80X
setae, related to
longitudinal distance
Sterno index 0.92 0.93 - - 1.00 0.97 1.00 - - 0.95 - 0.94
WING
Length* 4.65 4.50 4.10 4.65 4.00 4.25 - 450 4.00 430 440 4.00
Width* 2.00 2.10 2.10 2.15 190 190 180 210 1.8 190 2.20 1.90
WING INDICES
C 3.38 3.33 3.36 3.44 296 305 312 315 346 342 346 3.26
Hb 0.38 0.37 0.43 043 045 039 040 044 038 045 041 0.36
Ac 1.21 1.14 1.21 1.25 1.27 132 136 124 117 119 1.18 1.33
4c 0.73 0.78 0.71 0.75 083 082 079 079 0.72 0.68 0.68 0.73
4v 1.31 1.48 1.53 143 146 136 149 142 137 123 133 131
5x 0.81 1.00 1.08 090 092 088 091 086 081 088 094 0091
M 0.38 0.52 0.53 0.49 0.48 044 0.49 0.47 0.4 0.39 044 043
Prox.x 0.73 0.90 0.71 085 087 084 070 092 0.76 071 0.75 0.84

Body length* - 5.00 - 5.00 480 5.50 - 5.00 5.00 5.00 - 4.90
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Table 3: Pairwise genetic divergence (Kimura two-parameter) among specimens of Rhinoleucophenga from Bossoroca (Boss_spp_1-4) and

Porto de Galinhas (Port_Gal_spp) using cytochrome c oxidase subunit | (COI) gene sequences.

Specimens 1 2 3 4
1 Boss spp_1
2 Boss_spp_2 0.49%
3 Boss_spp_3 0.37% 0.12%
4 Boss_spp_4 0.37% 0.12% 0.00%
5 Port_Gal_spp 4.78% 4.52% 4.52% 4.52%
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7. CAPITULO VII

(Manuscrito para submisséo ao periédico Entomological Science)
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7.1.1. ABSTRACT

Despite the fact that Drosophilidae is a very diverse and well-studied taxon, the
New World genus Rhinoleucophenga is yet poorly understood even in regard to species
distribution and morphological variability pattern. In this sense, R. punctulata is a dot-
spotted thorax species widely distributed in the Neotropical region. Specimens of R.
punctulata were collected in different biomes in Brazil: Pampa, Cerrado and Caatinga
sensu strictu, and in a southern Amazonian savannah enclave area. Geographical
variations in the body external morphology and in the morphology of spermathecal
capsules were noticed among the different populations. The hypothesis that each
population could be a different species was tested through molecular data. A fragment
of the mitochondrial Cytochrome oxidase subunit I (COI) gene was sequenced to

perform phylogenetic analyses through Neighbor-joining and Bayesian inferences.
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Pairwise genetic divergences of COI sequences were calculated using DNA barcode
premises. The analyzed populations presented different variation levels, considering
both, morphology and molecular traits, which could be linked to environmental
characteristics of each biome. However, new species were not proposed because the
intrapopulations nucleotide variations exceed the interpopulations ones. Based on the
phylogenetic analyses, it is suggested that R. punctulata originated in Caatinga and after
spread into the Cerrado and Amazon areas, and subsequently to the Pampa. So,
morphological and molecular data are complementary and indispensable to understand
the biological diversity and the distribution of R. punctulata through the Neotropical
environments. Furthermore, this is the first study to raise the hypothesis that
environmental characteristics, such as climate heterogeneity, can affect the reproductive
traits of Rhinoleucophenga species.

Keywords: Drosophila; Neotropical; spermathecal capsules; Steganinae.

7.1.2. INTRODUCTION

Drosophilidae is a highly diverse taxon that has been investigated by
morphologists since long time (Sturtevant 1921; Bachli et al. 2004). Reproductive
organs of males and females are used by drosophilists as the main diagnostic characters
to differentiate sibling species (Bé&chli et al. 2004). Nevertheless, in the last years, the
advances in molecular biology results have represented a complementary data set to
morphological data, improving the species boundaries and definition (Hebert et al.
20033, 2003b; Yassin et al. 2010).

Most of the studies performed with Drosophilidae are related to species of
Drosophila, and most of other genera lack general knowledge. This is the casefor the
New World genus Rhinoleucophenga, whose species distribution and morphological
variability is yet poorly studied (Poppe et al. 2015a). Species distributional data is
fundamental to understand how new species come into existence, once different
environmental conditions can represent interbreeding barriers between populations and
promote genetic modifications into new phenotype records (Pitnick et al. 1999; Carreira
et al. 2013).

One of the most widespread species of Rhinoleucophenga is R. punctulata Duda

which is broadly found in open environments of South America (Vilela & Béchli 2009;
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Roque & Tidon 2013; Poppe et al. 2014), ranging from subtropical-temperate to
tropical climates, but apparently absent or rare in forest biomes. However, recently
Poppe et al. (2015a) described R. punctuloides Poppe, Schmitz and Valente, a sibling
species to R. punctulata recorded in the Pampa and Cerrado biomes, triggering the need
of reviewing the geographical records of the last species.

Considering the recent discovery of a sibling species, we analyzed specimens of
R. punctulata from different geographic localities and found striking morphological
differences in the female spermathecal capsules among populations. So, the hypothesis
that each population could be a different species was tested through molecular data.
However, we show here that the differences are better explained by intraspecific
variation and the hypothesis that environmental characteristics, such as climate
heterogeneity, may be affecting the reproductive traits of Rhinoleucophenga species

was proposed.

7.1.3. MATERIAL AND METHODS
Sampling areas

Specimens of Rhinoleucophenga punctulata were collected in banana-baited
traps (Tidon & Sene 1988) in different latitudes through the Brazilian sensu strictu
biomes: Pampa, municipality of Bossoroca, Rio Grande do Sul (28°45°01”S
54°56°55”W, 200 m); Caatinga, Raso da Catarina Ecological Station, Bahia (9°33'39"S
38°44'12"W, 500 m); Cerrado, Parque Nacional das Emas, Goias (18°15°S 52°53’W,
600 m — Roque & Tidon 2008) and municipality of Tangara da Serra, Mato Grosso
(14°04°38”S 57°03°45”W, 500 m); and in a southern Amazonian savanna enclave
(6°13°36”S 48°27°55”W, 300 m), in the Parque Estadual Serra das Andorinhas,
municipality of Sdo Geraldo do Araguaia, Para (Fig. 1). All areas consist predominantly
of open vegetation with a mosaic of forest patches compounded mainly by typical
arboreal species of each region.

Climatically, the Caatinga area is characterized as an arid environment, with
annual temperatures higher than 18°C and low rainfall levels (ca. 500 mm) (Paes &
Dias 2008). Cerrado presents wet summers (ca. 1,500 mm) and dry winter periods, with
annual temperatures higher than 18°C (Tidon 2006; Przybylska et al. 2014). Pampa

biome presents huge oscillations of temperatures, which range from negative values
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during the winter up to 40°C during the summer, with rainfall well distributed along the
year (ca. 1,300 mm) (Poppe et al. 2014; Pillar & Lange 2015). The Amazon region
presents constant high humidity levels regulated by rainfall levels higher than 1,500
mm, distributed along the year, and average annual temperatures higher than 18°C
(Koppen 1931).

Specimens Morphology Analysis

Female descriptions are based on measures and indices given by Béchli et al.
(2004), at least five specimens from each locality were measured. Female terminalia and
spermathecal capsules were disarticulated in glycerol after treatment with 10%
potassium hydroxide (KOH) and acid fuchsine (Bachli et al. 2004). The structures were
mounted in a piece of glycerine jelly (ca. 2 x 2 x 2 mm) on a clean slide (Grimaldi
1987). Photos of the specimens were taken with a digital camera coupled to an optical
stereomicroscope after the specimens were dried with hexamethyldisilazane (HMDS)
(Brown 1993) and pinned. Drawings of the terminalia and spermathecal capsule were
made with a camera lucida system attached to a compound microscope with 40x and
10x% objective lenses and a 10x ocular lens. The terminology follows Vilela and Béchli
(1990) and Béachli et al. (2004). All examined specimens are deposited in the
Entomological Collection of the Instituto Oswaldo Cruz (CEIOC), at Fundacdo
Oswaldo Cruz (Fiocruz), Rio de Janeiro, Brazil. The disarticulated terminalias are
stored in microvials with glycerol and pinned with the respective specimens.

A total of 45 female specimens had their spermathecal capsules analyzed to
confirm the morphological pattern of each population: 15 from Caatinga, 15 from
Amazon, 10 from Cerrado and 5 from Pampa. A comparative study of the males of the
same populations is not shown; since the number of specimens available was small and

no consistent pattern of variation was observed.

DNA Extraction and PCR Amplification

Total DNA of individual fly preserved in 70% ethanol was extracted according
to the DNeasy Blood & Tissue Kit (Qiagen) instructions. PCR amplifications were
performed using the TY-J-1460 and C1-N-2329 primer pair (Simon et al. 1994), which
amplifies a fragment of approximately 850-base pair (bp) of the mitochondrial
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Cytochrome oxidase subunit 1 (COIl) gene. The PCR reactions were carried out in
volumes of 10uL, using 20 ng of DNA, 2.5 mM MgCl,, 1X PCR buffer reaction, 200
mM of each dNTPs, 20 pM of each primer and 1 U of Tag DNA polymerase. The
reactions conditions were 95°C for 5 minutes, followed by 35 cycles of 95°C for 45
seconds, 53°C for 45 seconds and 72°C for 1 minute, finishing with a final extension at
72°C for 5 minutes.

The amplicons were purified with Exonuclease | (10U/ul) and Shrimp Alkaline
Phosphatase (1U/ul) and sent to a sequencing service (www.macrogen.com). Each
sample was sequenced in both, the forward and reverse directions using the same
primers as those used in amplification. The obtained accession numbers of the

sequences, as well as the specimens used, are shown in Table 1.

Sequence Analysis

The obtained sequences were assembled and edited using the Staden Package
(Staden 1996). Consensus sequences were aligned using the Clustal W algorithm,
implemented with Mega 6 (Tamura et al. 2013). The final alignment of the COI data set
was verified against published COI sequences of other Drosophilidae species available
in GenBank. The authenticity of the produced mtDNA sequences was verified by using
an on-line protein translator system available at http://web.expasy.org/translate/. The
nucleotide substitution saturation of the sequences was accessed using the Xia’s method
in DAMBE 5 (Xia 2013) software.

Pairwise genetic divergences of COIl sequences were calculated using the
Kimura two-parameter (K2P) model in Mega 6 (Tamura et al. 2013), with 10,000
bootstrap replicates, as suggested by Hebert et al. (2003a) for DNA barcoding. This
approach was employed to test our previous hypothesis that populations of the R.

punctulata from each environment could represent different species.

Phylogenetic Analyses

To the phylogenetic analyses, the final alignment consisted of 23 sequences.
Beyond those from R. punctulata populations, which encompassed 15 sequences, we
generated and included three sequences from R. trivisualis Poppe, Schmitz and Valente,

two from R. punctuloides and one from R. obesa Loew. The first two species were
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included since they are also dot-spotted thorax species, and R. punctuloides is sibling to
R. punctulata. As outgroup, COI sequences from Leucophenga angusta Okada and L.
quadripunctata (de Meijere) were included in the analyses (GenBank accession number
HQ842780.1 and HQ842781.1).

Phylogenetic analyses were conducted using neighbor-joining (NJ) in Mega 6
(Tamura et al. 2013) and Bayesian inference (Bl) in MrBayes 3.1.2 (Ronquist &
Huelsenbeck 2003). For NJ analyses, we used the model of nucleotide substitution
suggested by Hebert et al. (2003a) for DNA barcoding, with 10,000 bootstrap
replicates. For Bayesian phylogenetic analysis, the GTR+I+G model was used as
suggest by jModelTest2 (Darriba et al. 2012) in the analysis of the best fitting
substitution model for the COI alignment. Posterior distributions of parameters,
including tree topology and branch lengths, were estimated using Markov chain Monte
Carlo sampling. Samples from the posterior distribution were drawn every 1,000
generations over a total of 1,000,000 generations. The first 25% of samples were

discarded as burn-in.

7.1.4. RESULTS
Morphological comparison among females of R. punctulata populations

Based on the external morphology, R. punctulata from Cerrado detaches from
the others mainly by its darker thorax color and smaller body size, whereas populations
from Pampa and Amazon are more similar, followed by the Caatinga one (Fig 2; Table
2). In general, the females specimens present the following morphological characters:
The female specimens present the following morphological characters:

Head (Fig 2 a-d). Front homogeneously brownish, covered with ca. 28 scattered
interfrontal setulae, except to the Cerrado specimens (ca. 22 setulae); ocellar triangle
brownish with brown ocelli. Each orbital setae with a brown patch around the base.
Carina nose-like and ca. 75% sulcated. Face and gena brownish; antenna with
flagellomere homogeneously brown and pedicel brownish; arista with 6 long dorsal
branches and 4 long ventral branches plus terminal fork. Palpus yellow with ca. 20 setae
on lower part, except to the Cerrado specimens (ca. 15 setae).

Thorax (Fig 2e-h). Scutum brown, except to the Cerrado specimens (brown-

grayish), covered with many small dark brown spots at bases of setae and setulae, two
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diffuse longitudinal dark brown stripes. Scutellum brown with four lateral dark brown
spots and also an elongated central-posterior spot. Six irregular rows of acrostichal
setulae. Two pairs of prescutellar acrostichal setae, the central one is the longest. Pleura
brownish with longitudinal dark brown stripe; legs yellow; halters whitish. Hyaline
wings (Fig 2m-p).

Abdomen (Fig 2i-1) with yellow ground color, tergite Il with a dark brown stripe
widely interrupted medially, tergites 111 to VI each with a broad, dark brown stripe
which is medially interrupted and laterally broadened; the stripes are gradually enlarged
towards tip of abdomen.

In addition to external morphology variation, we observed that the main
difference among the populations is related to the females’ spermathecal capsules (Fig
3a-d). Female spermathecal capsules are most elongated in the Amazonian population
(Fig 3a). The Caatinga population presents the most reduced, rounded spermathecal
capsules (Fig. 3b). Females from Pampa and Cerrado biomes presented similar
spermathecal capsules (Fig. 3c and d, respectively) with intermediary dimensions
between Amazon and Caatinga ones (Table 2).

The sampled specimens from Caatinga, Amazon and Pampa did not presented
differences in the body size (2.7-3.0 mm). For more measures and indices see Table 2.

Molecular comparison among R. punctulata populations

To the genetic divergence analysis, we generated 15 sequences from different R.
punctulata populations (seven specimens of R. punctulata from Caatinga, three from
Cerrado, three from Pampa and two from Amazon). In 847-bp of the COI gene, no indel
or premature stop codon was detected. These sequences contained 63 variable sites
(7.43%), from which 29 (3.42%) were parsimony informative; the sequences were not
saturated.

The K2P mean divergence value observed among all R. punctulata specimens
was 1.6%. Comparing the sequence divergence between the four populations, the
average value was 0.7-1.0% among the Amazon, Cerrado and Pampa population,
whereas the variation raised to 2.0-2.4% among the Caatinga and the other populations
(Table 3). Though, when we analyze the intrapopulationals nucleotide variation, we

observed that the divergence ranged from none (0% in Amazon) to a maximum of 2.6%
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within the Caatinga population (Table 3). In the pairwise comparisons (Appendix S1),
the Caatinga population showed to be the most divergent one, mainly comparing to the
specimens from the Pampa. Populations from Cerrado and Amazon are less divergent
between each other, while population from Pampa is more similar to the Amazon one,
followed by the Cerrado population (Appendix S1).

As concerns the phylogenetic analyses, trees produced by the Bl and NJ methods
presented similar topologies (Fig. 4 and 5, respectively). The main difference was in the
clades support values, which were higher in the BI analysis (Fig. 4). Equally, a clade
exclusively with R. punctulata specimens from Caatinga was highly supported in both
phylogenetic searches; however, one specimen from Caatinga grouped in a separated
clade with a specimen from Cerrado. The individuals from Cerrado, Pampa and
Amazon intermingled in the other supported clades. As well as, R. punctulata was a
sister clade closest to R. punctuloides, a sibling species recorded in the Pampa and
Cerrado. So, these results corroborate those of the spermathecal capsule morphology,

but it indicates an intraspecific variation among R. punctulata populations.

7.1.5. DISCUSSION

Rhinoleucophenga punctulata was described by Duda (1927) and redescribed by
Vilela and Bé&chli (2009); however, in both cases, only males were described. Although
male reproductive structures are commonly used to identify Drosophilidae species
(Vilela & Bachli 1990), the female spermathecal capsules also present morphological
traits that can be taxonomically informative to distinguish the species (Sturtevant 1921;
Throckmorton 1962, 1975; Poppe et al. 2015a). Poppe et al. (2015a) presented a plate
of the female’s terminalia of R. punctulata from the Pampa biome, while pointing
differences in the morphology of the spermathecal capsules of R. punctulata and its
sibling R. punctuloides. Here, variations in the spermathecal capsules among
populations of R. punctulata were noticed, and a complementary description of females
is presented. Even so, the described variation in regard to R. punctulata spermathecal
capsules does not impair the diagnosis of R. punctuloides (Poppe et al. 2015a).

Rhinoleucophenga punctulata specimens from Cerrado differ slightly from the
other populations by the body length and external color. In addition, the spermathecal

capsule morphology presents an outstanding differentiation among most populations,
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mainly from Amazon and Caatinga. The high differentiation presented by the Caatinga
population was further confirmed by the COI sequences. So, we hypothesize here that
the observed variation among R. punctulata populations possibly reflects differences
among their environments of origin.

Molecularly, the populations from Pampa and Cerrado are more similar with the
Amazon specimens. Probably the higher similarity between Cerrado and Amazon
populations is due to the higher geographic proximity between them (Nekola & White
1999; Hebert et al. 2003a) and also by the fact that the Amazon locality sampled here is
a savannah enclave. Based on the divergence analyses of COI, Hebert et al. (2003b)
suggested that low divergence values point to recent origin events. The divergence of
the specimens from Caatinga to the other populations (0.02-0.024) was twice higher
than the divergence noticed among the Pampa, Cerrado and Amazon specimens (0.007-
0.01). So, it is plausible to suppose that R. punctulata may have originally migrated
from Caatinga into the Cerrado and, subsequently from Cerrado to the Amazon and
Pampa areas. Furthermore, the resulted clade exclusively with specimens from
Caatinga; the paraphyletic clades of Pampa and Amazon related to Cerrado specimens;
as well as, the strongly supported clade compound by a specimen from Caatinga and
other from Cerrado, all reinforce the dispersal route hypothesis of that species.

Despite the high divergence of the population from Caatinga, the maximum
genetic divergence within this population is higher than its mean divergence with the
other populations; so, one of the main requirements to species delimitation through
DNA barcoding was broken (Hebert et al. 2003a). Therefore, the hypothesis that each
population would represent a different species was not corroborated, but the molecular
data reinforces the morphological evidence of geographical differentiation within R.
punctulata.

According to some authors (Parsons 1989; Poppe et al. 2013), temperature in
stressing conditions is an important climatic factor determining species distribution,
being able to lead to evolutionary bottlenecks and even to the raising of geographic
races (Hasson et al. 1993). Temperature is a similar environmental factor among
Cerrado, Amazon and Caatinga biomes, presenting higher annual oscillations in the
Pampa. However, there are striking differences in the humidity levels among these

environments, with Caatinga highlighted as the most arid one. The higher humidity
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values found in the other three evaluated Biomes could also attenuate the high
temperature effects, especially in regard to Amazon and Cerrado. Thus, these
contrasting climatic factors could have promoted the differentiation between Caatinga
and the other environments as suggested by the phylogenetic results.

On the other hand, since the ecology of Rhinoleucophenga is poorly known, we
cannot discard that there are many other biotic and abiotic factors able to influence the
species dispersion, such as the breeding and feeding behavior. Some species of
Rhinoleucophenga are known by their predatory feeding behavior of coccids (R. obesa,
R. brasiliensis (Lima), R. fluminensis (Lima), R. capixabensis Culik & Ventura) and
ants (R. mymercophaga Vidal & Vilela) (Lima 1935, 1950; Culik & Ventura 2009;
Vidal & Vilela 2015), thus the presence or absence of other organisms in the
environment might influence Rhinoleucophenga distribution. As the breeding and
feeding natural resources used by R. punctulata are unknown we cannot discard such an
effect. Furthermore, intrinsic factors also can determine Drosophilidae species as
“good” or “bad” dispersers (Janzen 1967; Poppe et al. 2015b), or in a more unpredicted
way the dispersion of R. punctulata could be resulted from random or stochastic events
(Hubbell 2001).

Concerning the body size, the specimens from Caatinga, Amazon and Pampa
presented the same length and are bigger than Cerrado specimens. Many studies have
concluded that flies emerging from crowded resources are smaller, presenting low
capability of dispersion and higher mortality level by desiccation (Roff 1977, Roper et
al. 1996, Soto et al. 2011; Willi & Hoffmann 2012). Mata et al. (2015) pointed that
during wet the period in Cerrado the species populations are abundantly increased by
the higher resources availability. So, few and crowded resources during the dry seasons
could justify the smaller body size noticed to the specimens from Cerrado. While the
reduced spermathecal capsules size of females from Caatinga could represent an
adaptive strategy to the population maintenance; that is, the flies would store fewer
sperm and would oviposit fewer in each available resource, avoiding larval intraspecific
competition and the decrease in the adult body length. According to Nunney and
Cheung (1997), the phenotype induced by a particular set of environmental conditions
may represent a fitness gain to the species, and this adaptive response may lead to

differentiation among populations from different environments. So, the high
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sclerotization level and shape variation noticed in the spermathecal capsules of R.
punctulata from different environments point to possible differences in the organ
utilization level by the females. However, the influence of the resources availability on
the population fitness and on the spermathecal capsules morphology was not tested
here; thus, it is a hypothesis to be analyzed in future researches. Markow (2015)
highlighted the lack of studies investigating the relation between environmental
variability and the species reproductive morphological traits.

Therefore, the analyzed populations of R. punctulata present different levels of
intraspecific variation, considering either morphology or molecular traits, and this is
probably linked to the environmental characteristics of each biome. So, morphological,
distributional and molecular data revealed here complementary to explain the biological

diversity of R. punctulata through the Neotropical environments.
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7.1.8. FIGURES

Figure 1: Geopolitical map of South America with the limits of the sampled biomes.
Localities, 1: Pampa, Bossoroca, Rio Grande do Sul (28°45°01”S 54°56°55”W, 200 m);
2: Cerrado, Tangard da Serra, Mato Grosso (14°04°38”S 57°03°45”W, 500 m); 3:
Cerrado, Parque Nacional das Emas, Goias (18°15°S 52°53°W, 600 m — Roque & Tidon
2008); 4: Amazon, Parque Estadual Serra das Andorinhas, Sdo Geraldo do Araguaia
(6°13°36”S 48°27°55”W, 300 m); 5: Caatinga, Raso da Catarina Ecological Station,
Bahia (9°33'39"S 38°44'12"W, 500 m).
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Figure 2: Ordinary specimens of Rhinoleucophenga punctulata from Amazon (a, e, i,
m), Caatinga (b, f, j, n), Pampa (c, g, k, 0) and Cerrado (d, h, I, p). Scale bar 1.0 mm;

exceptina, b, cand d: 0.5 mm.
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Figure 3: Spermathecal capsules of ordinary specimens of Rhinoleucophenga
punctulata from Amazon, a. Caatinga, b. Pampa, c. Cerrado, d. scale bar 0.1 mm.
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Figure 4: Consensus tree obtained from a 847-bp alignment of cytochrome ¢ oxidase
subunit I (COI) gene sequences of the Rhinoleucophenga specimens by using Bayesian
inference. Numbers at nodes represent posterior probabilities values (1,000,000
generations).
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Figure 5: Neighbor-joining consensus tree obtained from an 847-bp alignment of

cytochrome c¢ oxidase subunit I (COI) gene sequences of the Rhinoleucophenga

specimens. Numbers at nodes represent support values (10,000 bootstrap replications).
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7.1.9. TABLES

Table 1: Geographical coordinates and the GenBank accession number of the specimens used for this study. Amz: specimen from Amazon

region; Pam: specimen from Pampa; Caa: specimen from Caatinga; Cer: specimen from Cerrado.

Specimens Collection site Biome Latitude Longitude GenBank
(s) (W) accession numbers
R. punctulata Amz1  Parque Estadual Serra das Amazonian 6°13'36” 48°27'55” KU728939
Andorinhas, Sdo Geraldo  Savannah enclave
do Araguaia
R. punctulata Amz 2 Parque Estadual Serra das Amazonian 6°13'36” 48°27'55” KU728940
Andorinhas, Sdo Geraldo  Savannah enclave
do Araguaia
R. punctulata Pam 1  Bossoroca, Rio Grande do Pampa 28°45'01”  54°56’55” KU728941
Sul
R. punctulata Pam 2  Bossoroca, Rio Grande do Pampa 28°45’01”  54°56’55” KU728942
Sul
R. punctulata Pam 3  Bossoroca, Rio Grande do Pampa 28°45’01”  54°56’55” KU728943
Sul
R. punctulata Caa 1 Raso da Catarina Caatinga 9°33'39" 38°44'12" KU728944
Ecological Station, Bahia
R. punctulata Caa 2 Raso da Catarina Caatinga 9°33'39" 38°44'12" KU728945
Ecological Station, Bahia
R. punctulata Caa 3 Raso da Catarina Caatinga 9°33'39" 38°44'12" KU728946
Ecological Station, Bahia
R. punctulata Caa 4 Raso da Catarina Caatinga 9°33'39" 38°44'12" KU728947
Ecological Station, Bahia
R. punctulata Caa 5 Raso da Catarina Caatinga 9°33'39" 38°44'12" KU728948
Ecological Station, Bahia
R. punctulata Caa 6 Raso da Catarina Caatinga 9°33'39" 38°44'12" KU728949

Ecological Station, Bahia



. punctulata Caa 7
. punctulata Cer 1
. punctulata Cer 2
. punctulata Cer 3
. punctuloides 1

. punctuloides 2

. obesa Northeast
. trivisualis 1

. trivisualis 2

. trivisualis 3

Raso da Catarina
Ecological Station, Bahia
Parque Naciona das Emas,
Goids
Parque Naciona das Emas,
Goids
Parque Naciona das Emas,
Goias
Bossoroca, Rio Grande do
Sul
Bossoroca, Rio Grande do
Sul
Porto de Galinhas,
Pernambuco
Raso da Catarina
Ecological Station, Bahia
Raso da Catarina
Ecological Station, Bahia
Raso da Catarina
Ecological Station, Bahia

Caatinga
Cerrado
Cerrado
Cerrado
Pampa
Pampa
Coast
environment
Caatinga

Caatinga

Caatinga

9°33'39"

18°15’

18°15’

18°15’

28°45'01”

28°45’'01”

8°30'30”

9°33'39"

9°33'39"

9°33'39"

38°44'12"

52°53

52°53’

52°53’

54°56’55”

54°56’55”

35°0"20”

38°44'12"

38°44'12"

38°44'12"

KU728950

KU728951

KU728952

KU728953

KU728934

KU728935

KU728954

KU728936

KU728937

KU728938
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Table 2: Complementary measures and indices to the R. punctulata specimens. Measures and indices according to Bachli et al. (2004);

measurements represent averages followed by the ranges in parentheses. *: measures in millimeters (mm); - : not available measure.

HEAD

Females of Rhinoleucophenga punctulata Duda

Amazon

Caatinga

Pampa

Cerrado

Frontal length *

Frontal index

Top-to-bottom frontal width ratio
Ocellar triangle to front length ratio
Setae OR1/0R3 ratio

Setae OR2/0OR1 ratio

Vibrissal index

0.51 (0.50-0.52)
1.21(1.19-1.23)
1.09 (1.04-1.14)
0.51 (0.50-0.52)
1.10 (1.00-1.20)
0.81 (0.79-0.83)
0.39 (0.37-0.40)

0.47 (0.46-0.48)
1.38 (1.33-1.43)
1.22
0.53 (0.52-0.54)
0.83
0.54

0.45
1.14 (1.10-1.18)
1.15
0.56 (0.53-0.59)
1.04 (0.83-1.25)
0.90 (0.84-0.95)
0.57 (0.54-0.60)

0.48 (0.45-0.53)

1.33 (1.27-1.43)

1.15 (1.08-1.24)

0.50 (0.45-0.54)
1.46

0.44 (0.40-0.50)

Cheek index 6.45 (6.00-6.90) 7.21(7.20-7.22) 5.50 (5.00-6.00) 6.34 (4.64-7.60)
Eye index 1.33(1.30-1.35)  1.21(1.18-1.24) 1.25 1.27 (1.25-1.28)
THORAX

Thorax length* 1.41(1.40-1.42) 1.31(1.26-1.36) 1.43 (1.42-1.44) 1.35(1.26-1.53)
Strongest prescutellar acrostichal setae, % length 58 (55-61) 74 (62-86) 0.72 (0.64-0.80) 64 (61-68)
related to posterior dorsocentral setae (pre-esc/ dorso

posterior)

Transverse distance between dorsocentral setae, 3.09X (2.85- 4.03X (3.46-4.60)  4.06X (3.46- 4.34X (3.29-5.75)
related to longitudinal distance 3.33) 4.66)

Sterno index 1.00 1.00 1.00 1.00
WING

Length* 2.55(2.35-2.75) 2.23(2.15-2.30) 2.48(2.45-2.50) 2.28(2.20-2.30)



Width*

WING INDICES

1.08 (1.05-1.10)

1.04 (1.00-1.08)

1.17 (1.16-1.18)

1.07 (1.02-1.12)

C

Hb

Ac

4c

VY,

5x

M
prox.x

3.33

0.66

1.50

1.12

2.62
1.38 (1.36-1.40)
0.86 (0.85-0.87)
1.14 (1.12-1.15)

2.81 (2.80-2.82)
0.71 (0.65-0.76)
1.71 (1.66-1.76)
1.30 (1.21-1.38)
2.92 (2.73-3.11)
1.41 (1.37-1.45)
0.88 (0.84-0.91)
1.22 (1.05-1.38)

2.85 (2.68-3.01)
0.56 (0.50-0.62)
1.69 (1.68-1.70)
1.16 (1.10-1.22)
2.62 (2.56-2.68)
1.39 (1.25-1.52)
0.80 (0.77-0.82)
1.05 (1.00-1.09)

2.95 (2.53-3.27)
0.46 (0.41-0.53)
1.71 (1.57-2.00)
1.19 (1.04-1.30)
2.65 (2.47-2.87)
1.50 (1.18-1.72)
0.84 (0.80-0.95)
1.09(0.92-1.35)

SPERMATHECAL CAPSULE

Length to width ratio

2.27

0.95

1.47

1.54

Body length*

2.80 (2.70-3.20)

2.78 (2.70-3.00)

2.98 (2.7-3.2)

2.56 (2.55-2.60)
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Table 3: Pairwise genetic divergence (Kimura two-parameter) among and within species of the Rhinoleucophenga genus using cytochrome

c oxidase subunit I (COI) gene sequences. SD: Standard Deviation.

A WNPR

Interpopulation genetic

Intrapopulation genetic distance

distance
Specimens 1 2 3 Minimum Mean t sD Maximum
R. punctulata Amazon 0 00 0
R. punctulata Pampa 0.008 0.003 0.0077 £ 0.0025 0.012
R. punctulata Caatinga 0.020 0.024 0.001 0.0104 £ 0.0024 0.026
R. punctulata Cerrado 0.007 0.010 0.022 0.007 0.0126 £ 0.0034 0.016




7.1.10. SUPPORTING INFORMATION
Appendix S1: Pairwise genetic divergence (Kimura two-parameter) among specimens of the Rhinoleucophenga punctulata using
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cytochrome c¢ oxidase subunit I (COI) gene sequences. Amz: specimen from Amazon region; Pam: specimen from Pampa; Caa: specimen

from Caatinga; Cer: specimen from Cerrado.

Specimen 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 R_punctulata_Amz_1 0.000 0.003 0.003 0.003 0.005 0.005 0.005 0.006 0.005 0.005 0.004 0.003 0.004 0.000
2 R_punctulata_Amz_2 0.000 0.003 0.003 0.003 0.005 0.005 0.005 0.006 0.005 0.005 0.004 0.003 0.004 0.000
3 R_punctulata_Pam_1 0.006 0.006 0.003 0.002 0.006 0.006 0.006 0.006 0.006 0.006 0.005 0.001 0.005 0.003
4 R_punctulata_Pam_2 0.009 0.009 0.009 0.004 0.006 0.006 0.006 0.007 0.006 0.006 0.005 0.004 0.005 0.003
5 R_punctulata_Pam_3 0.009 0.009 0.003 0.012 0.006 0.006 0.006 0.006 0.006 0.006 0.005 0.001 0.005 0.003
6 R_punctulata_Caa_1 0.022 0.022 0.025 0.028 0.028 0.001 0.002 0.002 0.002 0.001 0.006 0.006 0.006 0.005
7 R_punctulata_Caa_2 0.020 0.020 0.023 0.026 0.026 0.001 0.003 0.002 0.003 0.002 0.006 0.006 0.006 0.005
8 R_punctulata_Caa_3 0.020 0.020 0.023 0.026 0.023 0.004 0.006 0.001 0.004 0.002 0.006 0.006 0.006 0.005
9 R_punctulata_Caa_4 0.022 0.022 0.025 0.028 0.025 0.003 0.004 0.001 0.003 0.002 0.006 0.006 0.006 0.006
10 R_punctulata_Caa_5 0.020 0.020 0.023 0.026 0.026 0.004 0.006 0.009 0.007 0.003 0.006 0.006 0.006 0.005
11 R_punctulata_Caa_6 0.020 0.020 0.023 0.026 0.026 0.001 0.003 0.003 0.004 0.006 0.006 0.006 0.006 0.005
12 R_punctulata_Caa_7 0.015 0.015 0.015 0.017 0.017 0.026 0.025 0.025 0.026 0.028 0.025 0.005 0.000 0.004
13 R_punctulata_Cer_1 0.007 0.007 0.001 0.010 0.001 0.026 0.025 0.022 0.023 0.025 0.025 0.016 0.005 0.003
14 R_punctulata_Cer_2 0.015 0.015 0.015 0.017 0.017 0.026 0.025 0.025 0.026 0.028 0.025 0.000 0.016 0.004
15 0.000 0.000 0.006 0.009 0.009 0.022 0.020 0.020 0.022 0.020 0.020 0.015 0.007 0.015

R_punctulata_Cer_3
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8.1.1. Abstract

There are many rare species of Drosophilidae available only to morphological
phylogenetic studies, such as most species of the New World genus Rhinoleucophenga.
The objective of the present study was to test the monophyletic condition of
Rhinoleucophenga. Moreover, we also investigated the influence of continuous
morphological characters under different methodological treatments in the proposition
of a first phylogenetic hypothesis to the genus. It is the first time that a large set of
continuous characters are not discretized in a morphological phylogenetic research with
Drosophilidae. Thirty-eight species compound the ingroup; seventeen species of
Steganinae were included as outgroup. One hundred and four measures were taken; 93
of them are measures of body parts and 11 are setae meristic counting. From these 104
continuous characters 58 ratios were obtained, also treated as continuous characters.
Additionally, 62 discrete characters were evaluated. Five strategies of combination and
treatment of morphological data were explored: (A) 58 continuous ratio characters and
62 discrete characters; (B) 104 absolute measures and 62 discrete characters; (C) 58
continuous ratio characters log-transformed and 62 discrete characters; (D) 104 absolute
measures log-transformed and 62 discrete characters and (E) only the 62 discrete
characters. All strategies were performed with equal weighting (treatments A-E) and
after performed through implied weighting (treatments 4’-E’). The phylogenetic
searches were performed by TNT Software. Continuous characters were fundamental to
increase the support of the results, and treating them as ratios or absolute measures
highly influenced the trees topology. Trees generated by the log-transformed continuous
data presented improvement on the average of clades support; but implied weighting
represents higher influence than log transformation of continuous characters on the
obtained topologies. Rhinoleucophenga was presented as a paraphyletic genus in most
analyses due its position concerning the genus Pararhinoleucophenga. Some
Rhinoleucophenga clades were repeatedly obtained in most analyzed treatments. The
results highlighted the influence of different treatments of data set on the phylogenies
found and provided preliminary hypotheses to be further tested into a larger-scale
phylogeny of the subfamily Steganinae, with multiple data partitions, including
continuous morphological characters.
Keywords: Drosophila — Evolution — Gitona — Monophyletic — Pararhinoleucophenga

— Systematics.



279

8.1.2. Introduction

The information contained in the morphological data is fundamental to perform
phylogenetic studies with Drosophilidae (Remsen & O’Grady, 2002; Yassin, 2013),
since many species are only rarely collected in the nature (Markow & O’Grady, 2006),
and there are a huge amount of taxa deposited in museums which are available to be
included mainly in morphological studies. However, few comprehensive studies on the
systematics of Drosophilidae were developed based only on morphological data:
Throckmorton (1975), Grimaldi (1988, 1990), Okada (1989) and Sidorenko (2002).
Moreover, studies with other genera than Drosophila are scarce, and the monophyletic
status of several Drosophilidae genera is yet unknown. In this sense, no phylogenetic
information based on molecular data is available for Rhinoleucophenga and the only
phylogenetic studies of the genus included few taxa and have dealt only with its
relationships with other genera (Grimaldi, 1988, 1990; Okada, 1989). No study on the
species relationships inside the genus was performed yet.

Rhinoleucophenga is a New World genus of the subfamily Steganinae,
compounded mainly by species recorded preferentially in open environments between
the latitudes 37°N (Texas, United States) (Malloch & McAtee, 1924; Vilela, 1990) and
34°S (Argentina) (Thomson, 1869; Vilela, 1990). According to some authors
Steganinae was one of the first lineages to derive in Drosophilidae (Grimaldi, 1988;
Bachli et al.,, 2004; Markow & O’Grady, 2006). The two most comprehensive
phylogenetic studies of Steganinae were performed by Sidorenko (2002) and Otranto et
al. (2008); but none of them included Rhinoleucophenga species. The first considered
morphological data (78 discretized characters evaluated for 34 species of nine genera) to
establish phylogenetic relationships to the taxa from the subtribe Steganina (Grimaldi
1990); the second was based on sequences of the mitochondrial Cytochrome oxidase |
gene to perform phylogenetic analysis of some common Steganinae species.

Other studies based on morphological data, but including Rhinoleucophenga
among the sampled taxa were performed by Throckmorton (1975), Grimaldi (1988,
1990) and Okada (1989). However, Throckmorton (1975) and Okada (1989) did not
present methodological details enough to allow repeatability. Furthermore, Okada
(1989) proposed subtribes to Drosophilidae based on 14 binary discretized characters,
raising some criticism and doubts about the presented results (Grimaldi, 1990).

Through the use of 25 discretized morphological characters (18 of adults and

seven of larve), and 22 terminal species, of which three belonged to Rhinoleucophenga,
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Grimaldi (1988) proposed a phylogeny of the family Drosophilidae. In this study, the
genus Rhinoleucophenga was supported by the presence of more than two long pairs of
prescutellar acrostichal setae and by the high number of scattered interfrontal setulae
(ca. 200 setulae). Additionally, Grimaldi (1990) analyzed the largest morphological data
set yet evaluated in regard to systematic studies of Drosophilidae: 217 discrete
characters and 120 terminal species, of which two belonged to Rhinoleucophenga.
According to Grimaldi (1990) the genus is part of the tribe Gitonini, subtribe
Acletoxenina, Pseudiastata genus group, and is supported by the presence of more than
35 supracervical setae, 50 or more interfrontal setulae and acrostichal setulae in 12
rows.

Continuous characters are usually discretized in intervals of setulae number and
length proportions in morphological phylogenetic studies with Drosophilidae (Grimaldi,
1988, 1990; Okada, 1989; Sidorenko, 2002). So, historically, morphological data have
been criticized in phylogenetic studies mainly by the arbitrariness performed by most
systematists during the discretizing data process, since it is determinant to the
phylogeny proposed (Farris, 1983; de Pinna, 1991; Wiens, 2000; Sereno, 2007
Brazeau, 2011; Koch, Soto & Ramirez, 2014, 2015). Conversely, some authors have
looked for alternatives able to minimize the arbitrariness noticed on the continuous
characters definitions, in order to promote the use of morphological data in phylogenetic
studies. Goloboff (1993) argued the use of implied weighting against the homoplasies.
Goloboff, Mattoni & Quinteros (2006) implemented the use of continuous characters as
they are, without discretization to phylogenetic analyses in TNT software. Koch et al.
(2015) pointed that differences to perform ratio characters influence the tree topology,
and proposed log-transformations as a good solution to avoid these “phylogenetic
noise”. These methodological advances in morphological phylogenetics remain to be
applied in Drosophilidae, especially as concerns a better definition on characters coding,
potentially bringing improvements to the available trees from previous studies
(Grimaldi, 1990; Sidorenko, 2002) and making the interpretation of some results easier.

Recently Poppe et al. (2014, 2015) found a high richness of Rhinoleucophenga
species in Brazil, especially in the South of the country (Pampa biome), recording ten
species to that region and describing five species to the genus. In addition, other 15
species are under description process by our research group. In total, this represents an
increase of ca. 70% in the number of Rhinoleucophenga species. However, as most
Rhinoleucophenga species are rarely collected, and many of them are represented only
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by museum specimens, morphological data is fundamental to infer the evolutionary
hypothesis of this genus. Therefore, the objective of the present study was to test the
monophyletic condition of Rhinoleucophenga, while infering the phylogenetic
relationships among the species included in the analysis, and investigating the influence
of continuous morphological characters under different methodological treatments in
the proposition of a first phylogenetic hypothesis to the genus. Additionally, the role of
continuous characters as a complementary data set to discrete morphological characters
in the phylogeny resolution was also analyzed. So, this study represents the first
phylogenetic proposal in Drosophilidade including a large number of continuous
morphological characters not discretized, and contributes to the knowledge of the
influence of different treatments on morphological data set to generate phylogenetic

hypotheses.

8.1.3. Material and Methods
Selection of taxa

The phylogenetic analyses were performed including 65 terminal taxa. Thirty-
eight species encompassing 23 of the 29 described Rhinoleucophenga species and
fifteen new species that have not yet been formally described were used as ingroup, and
this represents ca. 85% of the known Rhinoleucophenga species. All the new species are
under description process (manuscripts submitted), and their epithet is not typed in italic
in the text. Rhinoleucophenga species with widespread distributions were represented
by specimens from different localities whenever as possible (Table 1). Furthermore,
most species had their type series analyzed.

Since more than one outgroup is recommended in order to avoid spurious
interpretations of the characters in the ingroup (Miyaki, Russo & Pereira, 2001),
seventeen taxa of Steganinae were included as outgroup (Table 1), and these
represented species from all major biogeographic regions inhabited by the subfamily.
Drosophila melanogaster Meigen, that belongs to the subfamily Drosophilinae, was

used to root the analysis.

Selection of characters
Only characters of adult individuals were considered. Characters are described

following Sereno (2007), where the character statements are composed of four
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fundamental functional components identified as locator, variable, variable qualifier,
and character states. The terminology follows B&chli et al. (2004).

One hundred and four measures were taken; 93 of them are measures of body
parts and 11 are setae meristic counting. From these 104 continuous characters, 58
ratios were performed and also treated as continuous characters. The objective of using
ratios is to reduce the effects of different body sizes among the species, as well as
represent shapes numerically (Koch et al., 2014; for more detailed discussion).
Additionally, 62 discrete characters were performed, related to color pattern, shape and
presence/absence of body structures.

The character describing the number of interfrontal setulae (character 2, method
B and D) had to be scaled according to the Tree New Technology (TNT) software
limitations, that is, the greatest observed value of 200 interfrontal setulae was converted
to 65.000, and the minimum present number of 4 interfrontal setulae was scaled to
1.300.

In order to minimize the possibility of error occurrence during the characters
observations, as well as to increase the sample of terminal taxa and notice the
occurrence of intraspecific variation among the specimens, the highest possible number
of specimens of each species was checked (Table 1). All the specimens were directly
checked in order to avoid different interpretations about color pattern or measure
definitions, which sometimes are not clearly defined in the taxonomic literature.

Statistical tests to verify the correlation and variation between and within
continuous characters, respectively, were not performed because many species are
represented by only one specimen, hampering a satisfactory statistical performance.
Thus, the influence of covarying characters on the analyses will be an issue for further

studies. On the other hand, the discrete characters were assumed as independent ones.

Phylogenetic Analysis

The analyses were performed with the TNT Software (Goloboff, Farris & Nixon,
2008) through heuristic Traditional Search Method. The parameters of the analyses
were set as follow: 500 replications with 30 trees retained per replication, Tree
Bisection Reconnection algorithm (TBR), first performing equal weighting (EW) and
after performing implied weighting of K = 6 (IW). The implied weighting is proposed as
a data set refinement, that is, higher weight is assigned to those characters with less
homoplasy, and the sum of weights over all characters is maximized during tree
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searches (Goloboff, 1993; Koch et al., 2014). The stipulated K = 6 to the implied
weighted analyzes is in accordance with the proposed by some authors as a good K
value (Ramirez, 2003; Koch et al., 2014), also by the higher stability of trees’
topologies generated with values next to six in previous analyses with different K values
(data not shown).

All 62 discretized characters were treated as non-additive (Fitch, 1971). The
characters polarization was performed by outgroup comparison (Nixon & Carpenter,
1993). Continuous characters were analyzed without discretization as proposed by
Goloboff et al. (2006).

In order to avoid an excessive weighing of character transformation for those
characters with higher amplitudes of variation among taxa (e.g. number of interfrontal
setulae from 0 (absent) up to 200), all continuous characters were transformed into
ranges from 0 (= smallest value, e.g. 0 interfrontal setulae) to 1 (= greatest observed
value, e.g. 200 interfrontal setulae), by running the TNT script “stand.run”. Thus, the
range of discrete and continuous characters becomes the same; it may reduce the effect
of the scale magnitude of different continuous characters on phylogenetic hypothesis
proposed (Koch et al., 2014). Missing and undetermined data were assigned in the
matrix by ‘?’.

Five strategies of combination and treatment of morphological data were
explored (Figure 1): (A) 58 continuous ratio characters and 62 discrete characters (Supp.
File 1, 2 and 3); (B) 104 absolute measures and 62 discrete characters (Supp. File 4, 5
and 6); (C) 58 continuous ratio characters log-transformed as proposed by Koch et al.
(2015) and 62 discrete characters (Supp. File 7); (D) 104 absolute measures log-
transformed and 62 discrete characters (Supp. File 8), and (E) only the 62 discrete
characters (Supp. File 9, 10 and 11). All strategies were performed with equal weighting
(treatments A-E) and after performed through implied weighting (treatments A4 -E°).

Branch supports were calculated through Bootstrap by absolute group
frequencies (Standard) and frequency differences (GC). Jackknife was also performed
with 33% of removal probability. With implied weighting the resampling was
performed through symmetric resampling in order to avoid distortions in the analyses
due to weight costs. Both analyses were calculated with 1,000 pseudoreplicates.
Retention (RI) and Consistency (CI) Indices were calculated using the wstats.run script,

which is part of the TNT package. The preferred phylogenetic hypothesis obtained to
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Rhinoleucophenga was selected based on the cladogram with highest values of support
and topological stability to most of the species groups found.

In order to compare the phylogenetic trees obtained by the different treatments
performed on the continuous data, topological comparisons of the most parsimonious
trees (MPTs) obtained in each case were performed through the Robinson-Foulds
distances (RF) (Robinson & Foulds, 1981) and Distortion-coefficients (DistCoef)
(Farris, 1973). In both cases, values range from 0 to 1. Nevertheless, whereas to the RF,
values closer to zero mean higher congruence among tree topologies, to the DistCoef the
relationship is opposite. Additionaly, SPR distances analyses was alternatively

performed by TNT default settings as implemented by Goloboff (2007).

8.1.4. Results
Comparison of data set treatments

One most parsimonious tree was obtained for each data treatment (Figures 2-5),
except when only discrete data were considered, so, a strict consensus tree is presented
(Figure 6). The individual support of species groups oscillated according to the
treatment applied on the data set, and some differences related to species grouping and
also to the number of synapomorphies supporting each group were noticed (Supp. Files
12-16). Average values of clades support by Jackknife and Bootstrap was increased
with continuous characters; mainly continuous characters log-transformed (Table 2).
Likewise, average values of clades support were improved with implied weighting.
Thus, based on the highest individual support values to most of Rhinoleucophenga
species groups, the phylogenic tree obtained with ratio continuous characters log-
transformed under implied weighting (treatment C’) was selected as the preferred
phylogenetic hypothesis to the focus genus (Figure 4B). Some comparisons among the
results obtained with different treatments are briefly discussed to characterize the
phylogenetic relationships of Rhinoleucophenga.

Through the RF and DistCoef tree topology comparisons analyses (Table 3),
topologies obtained with ratio characters (treatments A and C) presented high
congruence (100% by DistCoef). However, performing implied weighting, the tree
topologies obtained by those treatments (4 and C’) were not totally congruent, with
some species fluctuating in their position and a species group losing its monophyletic
status in 4~ (species group a) (Figure 2B). Similarly, the trees obtained with characters

treated as absolute measures (treatments B) presented highest congruency with the same
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data set log-transformed (treatment D). Finally, the topology obtained only with discrete
characters under equal weighting was highly incongruent with other topologies, but
under implied weighting (treatment E’) it was more congruent with the topologies
obtained with continuous characters treated as ratios (treatments A and C); and less
congruent with absolute measures log-transformed under implied weighting (treatment
D).

Rhinoleucophenga and other genera of Steganinae

Rhinoleucophenga was presented as a paraphyletic genus in most analyses due
its position concerning the genus Pararhinoleucophenga (Figure 2-4A-B, 5A, 6B).
Thus, Rhinoleucophenga and Pararhinoleucophenga represented a sister clade to the
other Steganinae genera. The resemblance of Pararhinoleucophenga and some species
of Rhinoleucophenga was noticed mainly by the convergence of the vein R4.s with M-
IV (character 76, treatments A and C; character 122, treatments B and D; character 18,
treatment E), wings with costal cell clouded (character 82, treatments A and C; character
128, treatments B and D; character 24, treatment E), aedeagus not ring-like shaped
(character 91, treatmen