JANE CARLA SOARES MOREIRA

CARACTERES MORFOLOGICOS DO SISTEMA REPRODUTOR MASCULINO

E DOS ESPERMATOZOIDES EM ESPECI

ES DE HYMENOPTERA (INSECTA)

E SUAS CONTRIBUICOES PARA A SISTEMATICA

Tese apresentada a Universidade
Federal de Vigosa, como parte das
exigéncias do Programa de Pos-
Graduagdo em Entomologia para
obtencéo do titulo de Doctor Scientiae.

VICOSA
MINAS GERAIS BRASIL

2011



Ficha catalogréfica preparada pela Se¢éo de Catalogacéo e
Classificacdo da Biblioteca Central da UFV

T
Moreira, Jane Carla Soares, 1981-

M838c Caracteres morfoldgicos do sistema reprodutor masculino

2011 e dos espermatozdides em espécies de Hymenoptera (Insecta)

e suas contribuicdes para a sistematica / Jane Carla Soares
Moreira. — Vicosa, MG, 2011.
ix, 60f. : il. (algumas col.) ; 29cm.

Texto em portugués e inglés.

Orientador: José Lino Neto.

Tese (doutorado) - Universidade Federal de Vigosa.
Inclui bibliografia.

1. Hemendptera. 2. Microscopia eletronica de transmissao.
3. Ultra-estrutura (Biologia). 4. Hemenoptera -
Espermatozoides. 5. Testiculos. I. Universidade Federal de
Vigosa. I1. Titulo.

CDD 22. ed. 595.79




JANE CARLA SOARES MOREIRA

CARACTERES MORFQLOGICOS DO SISTEMA REPRODUTOR MASCULINO
E DOS ESPERMATOZOIDES EM ESPECIES DE HYMENOPTERA (INSECTA)
E SUAS CONTRIBUICOES PARA A SISTEMATICA

Tese apresentada a Universidade
Federal de Vigosa, como parte das
exigéncias do Programa de Pos-
Graduacdo em Entomologia para
obtencéo do titulo de Doctor Scientiae.

APROVADA: 29 de julho de 2011.

Prof. Sérgio Luis Pinto da Matta Prof. Clévis Andrade Neves
Co-orientador

Prof. José Eduardo Serrdao Prof@. Karina Carvalho Mancini

José Lino Neto
Orientador



Agir, eis a inteligéncia verdadeira. Serei o que quiser.
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RESUMO
MOREIRA, Jane Carla Soares, D.Sc., Universidade Federal de Vigosa, julho de 2011.
Caracteres morfolégicos do sistema reprodutor masculino e dos
espermatozdéides em espécies de Hymenoptera (Insecta) e suas
contribuicbes para a sistematica. Orientador: José Lino Neto. Co-orientadores:
Clovis Andrade Neves, Lucio Antonio de Oliveira Campos e Vinicius Albano
Araujo.

Os insetos apresentam uma grande variedade de histérias de vida, padrdes
ecoldgicos, diversidade no comportamento de cépula e nas estruturas morfolégicas
associadas a reproducdo. Os Hymenoptera sdo uma das quatro maiores ordens de
Insecta e, provavelmente, representa o grupo com maior niumero de espécies. Possui
grande importancia econbmica e ecologica, pois compreendem espécies
polinizadoras, fitéfagas, predadoras e parasitdides. A ordem ¢é composta por
aproximadamente 80 familias, divididas em ‘symphyta’ e Apocrita. Os Apocrita sdo os
mais estudados, sendo subdivididos em dois grupos: Parasitica e Aculeata. Os
‘symphyta’ sdo mais basais e compreendem cerca de 8 superfamilias. Trabalhos
existentes mostram uma diversidade de caracteres morfolégicos que podem ser
usados para analises filogenéticas. A inclusdo de novos caracteres, aliados aos
caracteres morfologicos externos comumente utilizados, visam contribuir para a
sistematica de varios grupos de insetos que ainda nao possuem uma filogenia
totalmente aceita. Além disso, trabalhos envolvendo sistemas reprodutores e
espermatozodides auxiliam no entendimento da biologia reprodutiva, como as
diferentes estratégias de copula e a competicdo de espermatozdides. Nesta tese,
descrevemos a morfologia do sistema reprodutor masculino e dos espermatozéides
em espécies de Hymenoptera. Para isso, utilizamos técnicas de microcopia de luz e
microscopia eletrénica de transmissdo. Os resultados apontam caracteres que
suportam inferéncias na sistematica e que auxiliam no entedimento de estratégias
reprodutiva das espécies estudadas. Caracteres extraidos da morfologia dos sistemas
reprodutores como: (1) anatomia geral; (2) numero de espermatozéides por cisto e (3)

histologia do sistema reprodutor; indicam diferencas interespecificas capazes de

vii



agrupar espécies ou outros taxons superiores proximamente relacionados. A partir dos
dados obtidos, aliados aqueles ja descritos na literatura, pretendemos fornecer

caracteres consistentes que possam contribuir para estudos filogenéticos.
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Abstract

MOREIRA, Jane Carla Soares, D.Sc., Universidade Federal de Vigosa, July, 2011.
Morphology of male reproductive system and sperm in Hymenoptera species
(Insecta) and the systematic contributions. Adviser: José Lino Neto. Co-
Advisers: Clévis Andrade Neves, Lucio Anténio de Oliveira Campos and Vinicius
Albano Araujo.

Insects have a wide variety of backgrounds, patterns ecological diversity in
mating behavior and structures morphology associated with reproduction. The
Hymenoptera are one of four major ordens of Insecta, and probably represents the
group most number of species. It has great economic and ecological importance,
because understand pollinator species, phytofagous, predators and parasitoids. The
order is composed of approximately 80 families, divided into Symphyta e Apocrita. The
Apocrita are the most studied, subdivided into two groups: parasite ans Aculeata. The
symphyta are more basal and understand about 8 superfamilies. Existing studies show
a diversity of morphological characters that can be used for phylogenetic analysis. The
inclusion of new characters, combined with the external morphology commonly used,
contributing to the various systematic insects that do not yet have a fully accepted
phylogeny. In addition studies involving reproductive systems and assist in sperm
understanding of reproductive biology, such as different mating strategies and sperm
competition. In this thesis, we described the morphology of male reproductive system
and sperm in species of Hymenoptera. We utilize techniques of light and electron
microscopy. The results show characters that support theinferences systematic, and
help the bores of reproductive strategies species. Characters drawn from the
morphology of the systems players such as: (1) gross anatomy, (2) number of sperm
per cyst; and (3) histology of the reproductive system; indicate interspecific differences
capable of grouping other species of higher taxa closely related. From the data
obtained, combined with those already described in literature, we aim to provide

consistent character that can contribute for phylogenetic studies.



1. Introducéo Geral

1.1. A ordem Hymenoptera

Hymenoptera € uma das grandes ordens de insetos com cerca de 120 mil
(Triplehorn & Johnson, 2005) a 199 mil (Nieves-Aldrey & Fontal & Cazalla, 1999)
espécies descritas, excedendo em numero de espécies os Lepidoptera e Diptera, e
equivalendo aos Coleoptera em riqueza de espécies. A ordem é conhecida a partir do
Triassico, mais de 230 milhdes anos, e sua posigdo filogenética dentro dos
holometabolos (Endopterygota) ndo € clara. Sao excelentes modelos para estudos por
exibirem vasta diversidade de habitats e alta complexidade comportamental,
apresentando desde grupos solitarios até grupos eusociais avancgados.

Muitas espécies sdo predadoras ou parasiticas de outros insetos, incluindo
pragas agricolas, desempenhando um importante papel no equilibrio natural das
populagdes de seus hospedeiros e sendo extensivamente utilizadas em programas de
controle bioldgico de pragas. Apresentam também um importante grupo de insetos
polinizadores, as abelhas, essenciais a manutencao da diversidade das angiospermas
(Hanson, 1995). Ainda, aproximadamente 30% da alimentagdo humana vém de
espécies vegetais polinizadas por estes insetos (O'Toole, 1992). Os Hymenoptera
também podem causar grandes prejuizos econbmicos, como, por exemplo, as
formigas cortadeiras que devastam grandes extensodes de florestas (Hanson, 1995) e
pastagens (Cherrett, 1986).

A ordem Hymenoptera é composta por, aproximadamente, 80 familias divididas
em ‘symphyta’ e Apocrita (LaSalle & Gauld, 1992). ‘Symphyta’ é considerado um grupo
basal, com pouco mais de 5% das espécies descritas. Esse grupo é considerado
parafilético e o mais primitivo de Hymenoptera composto pelas superfamilias
Xyeloidea, Megalodontoidea, Cephoidea, Siricoidea, Tenthredinoidea e Orrusoidea
(Hanson e Gauld, 1995). As espécies deste grupo, também conhecidas como

“‘sawflies” e “woodwasps”, sdo encontradas em todos os continentes (com excegao da



Antartica), com cerca de 8.000 espécies, das quais pelo menos 3.000 sdo do
hemisfério ocidental. Muitas espécies sdo consideradas de importancia econdmica,
uma vez que as larvas se alimentam em plantas, causando danos em agriculturas,
plantas ornamentais e em florestas de coniferas (Smith, 1995). Os adultos séo
herbivoros e apresentam auséncia de constricdo abdominal entre o primeiro e o
segundo segmentos abdominais, tornando o abdémen largo e relativamente inflexivel
em relagdo ao térax, diferindo de Apocrita. Os Apocrita sdo reconhecidos por
apresentarem uma constrigdo entre o primeiro e o segundo seguimento do abdémen
denominado “cintura” e estdo subdivididos em dois grupos: Parasitica e Aculeata. O
grupo Parasitica é constituido por todos os Apocrita que ndo tiveram o ovopositor
modificado em ferrdo. Eles estdo divididos em Trigonalioidea, Megalyroidea,
Evanioidea, Stephanoidea, Cynipoidea, Chalcidoidea, Proctotrupoidea,Ceraphronoidea
e Ichneumonoidea. Ja& os Aculeata compreendem as abelhas, formigas e vespas
sendo considerado o grupo mais derivado dentre os Hymenoptera, com as fémeas
apresentando ferrdo originado por modificagbes do ovopositor. Para os Aculeata sao
reconhecidas trés superfamilias: Chrysidoidea, Vespoidea e Apoidea (Brothers 1975).

Enquanto os Apocrita e os Aculeata tém sido aceitos como grupos monofiléticos
(Rasnitsyn, 1980, 1988), ainda ha duvidas quanto as relagdes filogenéticas dos
‘symphyta’ e dos Parasitica. Segundo Ronquist et al. (1999), os ‘symphyta’ sdo
provavelmente parafiléticos em relagdo aos Apocrita, e os Parasitica provavelmente
parafiléticos em relacdo aos Aculeata, sendo também a relagdo evolutiva entre
‘symphyta’ e Parasitica ainda muito discutida. Praticamente todos os estudiosos
estdo de acordo de que Apocrita surgiu a partir um ‘symphyta’, embora haja
discrepancias em relagédo a qual grupo € o mais préximo filogeneticamente.

Nesta tese, estudamos o representante de ‘symphyta’ Digelasinus diversipes
(Argidae: Tenthredinoidea); e representantes de Apocrita: Aculeata, dentre eles:
Myschocyttarus cassununga (Vespidae: Vespoidea); Bombina, Meliponina, Apina e

Euglossina: Apini); Xylocopa frontalis (Xylocopini) e Centris tarsata. (Centridini).



1.2 Morfologia do sistema reprodutor masculino e espermatogénese

Devido a grande variedade de ciclos de vida e padrdes ecoldgicos, os insetos
apresentam grande diversidade de comportamento de cépula, regulagdo enddcrina,
producao de feromdnios e nas estruturas anatémicas associadas a reproducao (Borror
et al.,, 1992; Chapmam, 1998). Com isso, variagdes interespecificas nos sistemas
reprodutores podem ocorrer no tamanho ou numero das estruturas, na auséncia de
alguma delas ou na posigdo das mesmas ao longo do trato reprodutivo (Chapman,
1998).

De forma geral, o sistema reprodutivo masculino nos Hymenoptera é constituido
de dois testiculos, duas vesiculas seminais e, em geral, duas glandulas acessorias,
conectados por ductos. Os testiculos podem variar de esférica a fusiforme, sendo
bastante desenvolvidos nas pupas e nos adultos jovens, sofrendo, em geral,
degeneracdo gradativa até a completa regressao no final da maturidade sexual. Eles
sao constituidos por foliculos, os quais podem variar em numero, forma e tamanho nos
diferentes grupos taxonémicos. Vespas parasiticas tém apenas um foliculo (Fiorillo et
al., 2008; Moreira et al., 2010); em Vespidae Crabronidae, Colletinae, Andreninae e
Halictinae tém sido observados trés foliculos (Ferreira et al., 2004; Moreira et al.,
2008). Em outras abelhas como Mellitinae, Apinae e alguns Megachilinae ocorrem
quatro foliculos (Ferreira et al., 2004). Formicidae ja foi observado variando de um
(p.ex., Gnamptogenys striatula; Lino-Neto, informagao pessoal) a onze (Wheller &
Krutzsch, 1992) e Apidae tem, geralmente, quatro (Roig-Alsina & Michener, 1993).
Apesar de este numero ser bastante constante, dentro do mesmo grupo pode existir
espécies com numeros discrepantes, por exemplo, Apis mellifera que possui 200 ou
mais foliculos e o Megachilidae, Hypanthidium foveolatum com 28 foliculos (Gracielle
et al, 2009). Desta forma, o numero de foliculos testiculares constitui uma
caracteristica que, as vezes, pode separar familias dentro da ordem Hymenoptera

(Ferreira et al., 2004). No interior dos foliculos testiculares sdo encontrados os cistos,



que sao formados por clones de células germinativas revestidos por uma camada de
células epiteliais ndo germinativas (Baccetti & Bairati, 1964).

No interior dos cistos ocorre a espermatogése que nos Hymenoptera tem
modificagbes acentuadas por causa de duas caracteristicasdois: ocorréncia de
partenenogénese arrenétoca, ou seja, a origem dos machos a partir de ovos nao
fertilizados; e ocorreréncia de haplo-diploidia, na qual os machos sao hapldides e as
fémeas dipldides. Como nao existem cromossomos homodlogos para que ocorra o
pareamento nos machos hapldides, o nucleo n&do se divide na meiose |, embora os
cromossomos sofram alteragdes associadas a préfase. Na segunda divisdo, as
cromatides irmas se separam num processo semelhante a mitose (Conte et al., 2005).
Devido a estas caracterisiticas, na espermatogénese a primeira divisdo meidtica é dita
abortiva e a segunda divisdo é semelhante aquela que ocorre na meiose tradicional.
Durante a primeira divisdo meidtica andmala ndo ocorre a desorganizagdo do
envoltério nuclear e o fuso citoplasmatico quando se forma, desloca o nucleo intacto,
separando-o de uma regido exclusiva de citoplasma. Nesta regido, ocorre a formacéao
de uma vesicula ou broto citoplasmatico, que elimina pequeno conteudo
citoplasmatico, enquanto que o material nuclear permanece duplicado (Cruz-Landim &
Beig, 1980a, b). Na segunda divisdo meidtica, o envoltdrio nuclear é desestruturado e
o fuso citoplasmatico é formado, separando, em seguida, os cromossomos duplicados.
Desta forma, tem-se uma divisdo equivalente do conteudo nuclear para as duas
espermatides que sdo haploides. Portanto, ndo ocorrendo a primeira divisdo meidtica
tradicional, a formacdo dos gametas fica precedida apenas da segunda divisdo
durante a qual o material genético é distribuido equitativamente para as duas células
formadas. Entretanto, nas abelhas a distribuicido do conteudo citoplasmatico é
bastante desigual, de forma que uma das espermatides praticamente nao possui esse
material (Cruz-Landim & Beig, 1980a, b). Kerr & Silveira (1974), considerando o
numero de espermatozoides formados por cisto testicular, acreditaram que as duas
espermatides originassem espermatozoides. Lino-neto et al. 2008c, desmontraram
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que as espermatides atipicas nao formam espermatozoides confirmando a hipétese de
Hachiohe & Onishi 1952; Cruz-Landim 2001; Conte et al. 2005. Assim, durante a
espermatogénese, as espermatogdnias sofrem divisbes mitéticas gerando um numero
de células constante em cada cisto. Estas células, apés duas divisdes meidticas
originam as espermatides (Cruz-Landim, 2001). O niumero de espermatides por cisto &
caracteristico para cada espécie e pode ser expresso como 2" onde “n” € usualmente
igual a 5, 6, 7 ou 8. Durante a espermiogénese, cada espermatide sofre um processo
de diferenciacdo dando origem a um espermatozoéide. Os espermatozoéides maduros,
apos deixarem os testiculos, ficam armazenados em uma regido do ducto deferente
denominada vesicula seminal. Em ‘symphyta’ e em Aculeata, os espermatozéides
deixam os testiculos em feixes. Em Aculeata ocorre dissociagdo dos espermatozdéides
destes feixes na vesicula durante a maturacdo sexual. A vesicula seminal nos
Hymenoptera pode compreender quase todo o ducto deferente ou uma determinada
regido dilatada e diferenciada deste. As glandulas acessorias, assim como os demais
6rgaos do sistema reprodutivo, apresentam grande diversidade morfolégica, podendo
ser esféricas, ovaladas ou tubulares. Ainda, ha espécies onde estas estruturas estao

ausentes, como nos Meliponini (Apidae).

1.3. Estrutura e Ultra-estrutura dos espermatozoides

Os espermatozéides em Hymenoptera sao células filiformes que medem de
8um em Meteorus sp. (Braconidae) (Quicke et al., 1992) a 1.500 um em Euglossa
mandibularis (Apidae) (Zama et al., 2005). De modo geral, podem ser descritos como
possuindo uma regidao anterior, composta pelo nucleo e acrossomo, € uma regiao
posterior, ou flagelar, composta pelo axonema, dois derivados mitocondriais, um
adjunto do centriolo e dois corpos acessorios.

O acrossomo € uma organela longa, situada anterior ao nucleo e formada por

duas estruturas: a vesicula acrossomal e o perforatorium (Wheeler et al. 1990;



Jamieson et al. 1999; Newman & Quicke 1999a; Zama et al. 2001; Lino-Neto & Dolder
2002). Entretanto, nos espermatozéides da maioria das vespas parasiticas ocorre uma
terceira camada extracelular que recobre o acrossomo e parte anterior do nucleo
(Quicke et al. 1992; Newman & Quicke 1998, 1999b; Lino-Neto et al. 1999, 2000a;
Lino-Neto & Dolder 2001a).

Em geral em Hymenoptera o nucleo é alongado possuindo cromatina
compacta, homogénea eletrondensa. Entretanto na formiga Solenopsis invicta (Lino-
Neto & Dolder 2002) e Halictidae (Fiorillo et al. 2005) e em Xylocopini (Fiorillo et al.
2009) o nucleo possue areas electron lucidas. O comprimento do nucleo varia muito
entre as espécies, medindo de 4 um (Quicke et al. 1992) a 105 um (Lino-Neto et al.
1999). Em alguns grupos o nucleo assume forma espiralada (Quicke et al. 1992;
Quicke 1997; Lino-Neto et al. 1999, 2000a; Lino-Neto & Dolder 2001a, 2001b, Zama et
al. 2007).

O adjunto do centriolo é uma estrutura eletrondensa e alongada, localizada
paralelamente ao axonema, entre a base do nucleo e a extremidade anterior de um ou
de ambos derivados mitocondriais (Lino-Neto et al., 2000b; Newman & Quicke 1998,
1999b, 2000; Zama et al. 2001). O adjunto de centriolo tem sido classificado em
Hymenoptera como simétrico e assimétrico em relagdo a sua posi¢cao em relagdo aos
derivados mitocondriais. Sendo que simétrico € quando ele termina junto as
extremidades anteriores dos dois derivados mitocondriais e, assimétrico, quando ele
se posiciona em paralelo com um derivado mitocondrial e o axomena e termina a
frente do outro derivado.

O axonema apresenta o arranjo padrao para insetos, 9+9+2, com nove
microtubulos acessoérios simples externos, nove duplas de microtubulos periféricos e
dois microtubulos centrais. Tem sua extremidade anterior localizada na base do nucleo
e se estende até a extremidade posterior do flagelo. Nessa regido os microtubulos do
axonema apresentam sequiéncias de terminagado que variam entre os grupos (Wheeler
et al. 1990; Peng et al. 1993; Newman & Quicke 1998; Lino-Neto et al, 1999; Lino-Neto
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et al. 2000a, 2001b; Zama et al. 2001). Assim como o nucleo, o axonema de algumas
espécies apresenta um padrdo espiralado (Quicke et al., 1992; Quicke, 1997; Lino-
Neto et al., 1999, 2000a; Lino-Neto & Dolder, 2001a, 2001b).

Os corpos acessorios sao estruturas alongadas, de formato triangular em corte
transversal e localizadas paralelamente entre os derivados mitocondriais € 0 axonema
(Peng et al. 1993; Newman & Quicke 1999a; Lino-Neto et al. 2000b). Em alguns
grupos esta estrutura € bastante reduzida (Lino-Neto et al. 1999, 2000a; Lino-Neto &
Dolder 2001a, 2001b). Sua origem e fungdo permanecem desconhecidas.

Os derivados mitocondriais sdo mitocdndrias modificadas que possuem cristas
e apresentam algumas variagbes entre os Hymenoptera (Quicke et al. 1992). Em
alguns grupos, apresentam material paracristalino (Caetano 1980; Wheeler et al, 1990;
Peng et al. 1993; Lino-Neto et al. 2000b; Lino-Neto & Dolder 2001a, 2002; Zama et
al., 2001) e podem variar em diametro (Newman & Quicke 1999a, 1999b, 2000; Lino-
Neto et al. 2000b; Zama et al. 2001) ou possuirem didmetro semelhante (Newman &
Quicke, 1999a; Lino-Neto et al. 1999, 2000a; Lino-Neto & Dolder 2001b, 2002). Podem
também, variar em comprimento (Wheeler et al. 1990; Lino-Neto et al. 1999, 2000a;
Lino-Neto & Dolder 2001b; Zama et al. 2001).

Trabalhos que descrevem a ultra-estrutura dos espermatozoéides tém gerado
um numero grande de caracteres que ja se mostraram promissores para trabalhos em
sistematica de insetos (Araujo et al. 2005; Fiorillo et al. 2009; Lino-neto et al. 2008a,
2008c; Moreira et al. 2010; Newman & Quicke 1999a; Quicke et al. 1992; Zama et al.,

2001; 2004).
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2. Objetivos

Considerando a grande diversidade morfolégica do sistema reprodutor masculino e
dos espermatozoides em Hymenoptera e a importancia dessas informacgbes para a

taxonomia e sistematica este trabalho tem por objetivos:

- Caracterizar a estrutura e ultra-estrutura dos espermatozéides de espécies de
Hymenoptera.

- Descrever a anatomia e a histologia do sistema reprodutor em espécies de
Hymenoptera.

- Descrever o numero de espermatozoides por feixe em abelhas corbiculadas.

- Utilizar caracteres derivados do sistema reprodutor masculino de abelhas
corbiculadas para auxiliar estudos de sistematica e biologia reprodutiva.

- Comparar os dados ultra-estruturais obtidos com os existentes na literatura,
procurando caracteres consistentes que possam contribuir para futuras

analises filogenéticas.
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Morphological aspects of testes and sperm ultrastructure in the ‘symphyta’ Digelasinus

diversipes Kirby 1882 (Hymenoptera: Argidae: Dielocerinae)
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ABSTRACT

In Digelasinus diversipes, spermatozoa are maintained in bundles, with 74
spermatozoa on average, in the seminal vesicle. These spermatozoa are very short (20
pm) and consist of a head and flagellum. The head includes an acrosome
(perforatorium covered by the acrosomal vesicle) and a nucleus. A regular electron-
lucent region separates the acrosomal vesicle from the perforatorium, which is inserted
parallel to the anterior ending of the nucleus. The small flagellum is composed of two
symmetrical mitochondrial derivatives, a centriolar adjunct, an axoneme (9 + 9 + 2) and
two accessory bodies. The centriolar adjunct begins above the posterior end of the
nucleus and ends covering the anterior tip of two mitochondrial derivatives. In the
terminal region of the axoneme, the central microtubules terminate first. The presence
of a sub-acrosomal space, a short mitochondrial derivative diameter and a short
spermatodesm are the ultrastructure characteristics of spermatozoa shared by all
‘symphyta’ species. Differences in the insertion of the perforatorium into the nucleus
and the position of the centriolar adjunct distinguish Dielocerinae and the Arginae
studied previously. The number of spermatozoa per cyst is variable. Furthermore,
additional characteristics that had not been described for ‘symphyta’ were also found,

such as the number of follicles per testis.

Key wwords: reproductive system, sperm, centriolar adjunct, cyst and bundle.
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1. INTRODUCTION

Hymenoptera were traditionally divided into the suborders Symphyta and Apocrita
(Gauld & Bolton, 1996; LaSalle & Gauld, 1993). In fact, ‘symphyta’ form a paraphyletic
group composed of the Xyeloidea, Tenthredinidae, Pamphilidae, Cephoidea,
Siricoidea, Xiphydriidae and Orussidae superfamilies (Schulmeister, 2003a).

Over the past 50 years, comparative studies that focused on molecular and
morphological data have clarified questions related to the phylogeny of the ‘symphyta’
superfamilies and their relationship with Apocrita (Basibuyuk & Quicke, 1995, 1997,
1999; Gibson, 1985, 1993; Heraty et al., 1994; Johnson, 1988; Rasnitsyn, 1969, 1988;
Ronquist et al., 1999; Schulmeister 2001, 2003a, b, c; Schulmeister et al., 2002;
Togashi, 1970; Vilhelmsen, 1996, 1997, 1999, 2000a, b, c; Whitfield et al., 1989).
Nonetheless, some questions at the genus and family levels remain to be clarified.

Argidae is the second largest family of the Tenthredinoidea, with more than 800
species already described. Based on the common synapomorphies shared by each
family, the monophyly of the Tenthredinoidea has been amply discussed
(Schulmeister, 2003b, c). In Argidae, only sperm ultrastructure of Arginae Arge pagana
was described with details (Lino-Neto et al., 2008).

Quicke et al. (1992) described the spermatozoa ultrastructure of various
species in ‘symphyta’ and reported differences in the typical characteristics of the taxa,
providing new phylogenetic indicators for the group. Subsequent studies on other
species of ‘symphyta’ (Lino-Neto et al., 2008; Newmam & Quicke, 1999; Schiff et al.,
2001) reported synapomorphies and revealed the importance of describing the
ultrastructure of these cells in other ‘symphyta’ species so that more consistent
phylogenetic conclusions could be drawn.

The present study describes the morphological aspects of the testis and sperm
ultrastructure of Digelasinus diversipes (Argidae: Dielocerinae) with the objective of

describing characteristics that will add to systematic studies of this group.
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2. MATERIALS AND METHODS
Digelasinus diversipes nests were collected in Atlantic forest fragments areas in
Vigosa, MG, Brazil. The nests were kept in the laboratory of Structural Biology, Federal

University of Vigosa until emergence of adults.

2.1. Light microscopy: For the histological investigation, testis and seminal vesicles of
five mature adult males were dissected and fixed for 6 h in a solution containing 2.5%
glutaraldehyde, 0.2% picric acid, 3% sucrose and 5 mM CaCl, in 0.1 M sodium
cacodylate buffer, pH 7.2. The materials were postfixed in 1% osmium tetroxide, in the
same buffer, for 2 h. Dehydration was carried out in ethanol and embedding in GMA
(Leica). Thin sections were stained with toluidine blue.

Sperm suspension was extracted from five seminal vesicles, spread on glass
microscope slides and fixed for 20 min in a solution of 4% paraformaldehyde in 0.1 M
sodium phosphate buffer, pH 7.2. After drying at room temperature, the preparations
were observed with a photomicroscope (Olympus, BX-60) equipped with phase
contrast and 200 spermatozoa were photographed, to then be measured. To access
nucleus measurements, some of these preparations were stained for 15 min with 0.2
pg/ml 4,6-diamino-2-phenylindole (DAPI) in PBS, washed, and mounted with 50%
sucrose. They were examined with an epifluorescence microscope (Olympus, BX-60),
equipped with a BP 360-370 nm excitation filter. All measurements were obtained with
the software Image Pro-Plus, version 4.5 (Media Cybernetics Inc., MD, USA) and the

lengths were averaged from the total number of spermatozoa analyzed.

2.2. Transmission electron microscopy: For the ultrastructural investigation,
seminal vesicles for four males was fixed for 24 h, at 4 °C, in a solution containing 2.5%
glutaraldehyde, 0.2% picric acid, 3% sucrose and 5 mM CaCl; in 0.1 M sodium
cacodylate buffer at pH 7.2. After rinsing in buffer, they were post-fixed with 1%
osmium tetroxide in the same buffer for 2 h. Dehydration was carried out in acetone,
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followed by Epon embedding. Ultrathin sections were stained with the 2% uranyl
acetate and 0.2% lead citrate in 1 M sodium hydroxide and observed by transmission

electron microscope (Zeiss, Leo 1011), operating at 80 kV.

3. RESULTS

The male reproductive system of Digelasinus diversipes consists of two testes,
a pair of vas deferens and a pair of accessory glands. Each testis is composed of the
22 follicles (Figure 1A). The spermatozoa develop synchronically within each follicle in
cysts maintained by the cystic cell (Figure 1B). Approximately 74 spermatozoa are
found in each cyst (Figure 1C). The spermatozoa are released from the testis in
bundles, passing though the efferent ducts and reaching the vas deferens. There is a
specialized dilated, circular-shaped region in the vas deferens known as the seminal
vesicle in which the spermatozoa are stored in bundles until the moment of copulation.

The spermatozoa of D. diversipes are short, measuring approximately 20 um in
length. They can be divided into two regions: the head and the flagellum. The head is
composed of the nucleus, which is approximately 16 um in length, and the acrosome
(Figure 2A). The acrosome consists of the perforatorium, which is paracrystalline and
covered by the acrosomal vesicle (Figure 2 A-B). The anterior end of the perforatorium
ends in a sub-acrosomal space (Figure 2A). A portion of the perforatorium that exceeds
half its length is found running parallel to the apex of the nucleus (Figure 2A). A regular
electron-lucent region separates the acrosomal vesicle from the perforatorium (Figure
1B). A cross-section of this area shows that the perforatorium is covered on one side
by the nucleus and on the other by the acrosomal vesicle (Figure 2B, C). The nucleus
is uniformly filled with condensed chromatin (Figure 2D-F) and is circular in shape at
the cross-sections (Figure 2D). In the posterior region, it narrows into a cone-like shape
and terminates in the region preceding the centriole (Figure 2E).

The centriolar adjunct, an electron-dense structure, originates parallel to the

posterior end of the nucleus and runs in parallel to this for 1.25 ym, and is located in

17



the nucleus-flagellum transition region (Figure 2E, G). The centriolar adjunct runs
parallel to the centriole region (Figure 2H) for 0.25 ym and ends by covering the
anterior tip of two mitochondrial derivatives (Figure 2I).

The flagellum is formed by two mitochondrial derivatives, the axoneme and two
accessory bodies. The mitochondrial derivatives are elongated structures that run
parallel to the axoneme (Figure 2I-K). The diameters of the derivatives are
approximately the same (Figure 21-K). One accessory body is found between each of
the mitochondrial derivatives and the axonema (Figure 2K).

The axoneme extends along the entire length of the flagellum and has the 9 + 9
+ 2 microtubule pattern, with nine external microtubule accessories, nine doublets and
one central pair (Figure 2K). The axonemal region closest to the base of the nucleus,
known as the centriolar region, is characterized by the absence of the central pair of
microtubules (Figure 2H). The axoneme and two mitochondrial derivatives are found in
the final portion of the flagellum, but possibly the axoneme is the last component to

undergo disorganization (Figure 2L).
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Figure 1. Morphology of the male reproductive system and spermatozoa of Digelasinus
diversipes. A-B. Light micrograph of testes and C- Electronic micrograph of spermatozoa. A-
Cross section of testis showing the follicles (f). B- Follicular cysts (c) containing spermatozoa in
bundle. C- Cross section of a cyst containing 74 spermatozoa. Scale bars: 1 A= 10 uym; 1 B=

0.3 ym; 1C=1um.
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Figure 2. Electron micrograph of Digelasinus diversipes spermatozoa. A- Longitudinal section of the head
region, showing the nucleus (n) and the acrosome composed by the acrosomal vesicle (arrow) and the
perforatorium (p). The arrow head indicates the subacrosomal space in the region anterior to the
acrosome. B- Cross section of the acrosome showing the regular electron-lucent region (arrow head) which
separates the acrosomal vesicle (av) from the paracrystalline perforatorium (p). C- Cross section of the
region posterior to the head, showing the perforatorium (p) enveloped by one side of the nucleus (n) and
the other by the acrosomal vesicle (av). D- Cross section of the nucleus (n) filed with condensed
chromatin. E- Longitudinal section of the nucleus-flagellum transition region. The posterior region of the
nucleus (n) becomes pointed in the shape of a cone and terminates in the region preceding the centriole
(asterisk), above the axoneme (ax). It was observed that the electron-dense centriolar adjunct (a) initiated
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parallel to the posterior extremity of the nucleus. F- Cross section of the region in which the nucleus (n) and
centriolar adjunct (a) are in parallel. G- Cross section of the region in which the centriolar adjunct (a) is
parallel to the region of the centriole (c). H-L- Cross section of the flagellum. H-I the region in which the
centriolar adjunct terminates enveloping the two mitochondrial derivatives (m). J- Mitochondrial derivatives
(m) with similar diameter and in parallel to the axoneme (ax). K- The mitochondrial derivatives (m) and the
axonema, two triangular accessory bodies are observed (arrow head). The axoneme is composed of
accessory microtubules (am), nine doublets (dm) and one central pair of microtubules (cm). L- Final portion
of the flagellum, showing that the central pair of microtubules is the first to disappear in the posterior
extremity. Scale bars: 2A, D= 0.25 ym; 2B and C = 0.1 ym; 2F to L= 0.1 pym.

4. DISCUSSION

Many similar morphological characteristics associated with the male
reproductive system were found in comparative studies on the Hymenoptera (Araujo et
al., 2005a, b, 2009; Brito et al., 2005; Bushrow et al., 2006; Dallacqua & Cruz-Landim,
2003; Damiens & Boivin, 2005; Ferreira et al., 2004; Fiorillo et al., 2008, 2009; Moreira
et al., 2008, 2010). On the other hand, these studies also identified several features
that differed between the various groups. The number of follicles per testis, for
example, may vary considerably. In Aculeata Apidae, some bees subfamilies, such as
Colletinae, Halictinae and Andreninae, and some members of the Megachilinae have
three follicles per testis (Ferreira et al., 2004), while the majority of Apinae, Mellitinae
and Megachilinae have four follicles per testis (Araujo et al.,, 2005b; Ferreira et al.,
2004; Roig-Alsina & Michener, 1993), with the exception of Apis mellifera, which has
250 follicles (Chapman, 1998), and Hypanthidium foveolatum, which has 28 follicles
(Gracielle et al., 2009). In Formicidae, the number of follicles ranges from 1 to 25
(Wheeler & Krutzsch, 1992). A single follicle was found in each testis in some species
of parasitic wasps (Fiorillo et al., 2008; Moreira et al., 2010), whereas in D. diversipes
there is 22 follicles. There are no reports in the literature for any of the other species of
‘symphyta’.

In D. diversipes, as in other species of ‘symphyta’ (Lino-Neto et al., 2008;
Newman & Quicke, 1999; Quicke et al., 1992; Schiff et al., 2001), spermatozoa are
maintained in bundles in the seminal vesicle. Moreira et al. (2004) reported that in the
majority of Aculeata the spermatozoa exit the testis in bundles; however, these bundles

become unraveled by the time they reach the seminal vesicle. Lino-Neto et al. (2008)
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suggested that this difference between the ‘symphyta’ and the Aculeata might be
associated with the enzymatic content and/or the pH of the fluids present in the lumen
of the seminal vesicle of Aculeata.

Males can be prospermatogenic when they emerge with all of their sperm stock
or synspermatogenic if they produce sperm during their adult life (Boivin et al., 2005).
The testis of adult D. diversipes is synspermatogenic, whereas they contain cysts with
a spermatogonial lineage in the other phases of maturity. However, the males of social
Hymenoptera (bees and ants) only produce spermatozoa once (Araujo et al., 2005b;
Dallacqua & Cruz-Landim, 2003).

The number of spermatozoa per cyst reflects the final number of cells
developing synchronously within the cysts of a single spermatogonium. Males of D.
diversipes (Dielocerinae) are haploid and the 74 spermatozoa per cyst indicate the
occurrence of six mitosis cycles. In Arge pagana (Arginae), there are 240 to 350
spermatozoa per cyst, indicating the occurrence of seven or eight mitosis cycles (Lino-
Neto et al., 2008), while in other species of ‘symphyta’ a considerable variation was
found in the number of spermatozoa per cyst (Schiff et al., 2001). Lino-Neto et al.
(2008) attributed this variation to the probable apoptosis of the germ cells, a well-
defined process in mammal germ cells and considered normal during spermatogenesis
(Roose-Ruge, 1977).

Spermatozoa of the Digelasinus diversipes, measuring 20 ym in length, are the
shortest species reported for ‘symphyta’. Short spermatozoa are commonly found in
members of the Argidae family, such as A. pagana (30 um) (Lino-Neto et. al., 2008)
and A. nigripes (29 um) (Quicke et al., 1992). They are smaller than those of other
families of Tenthredinoidea. For example, the spermatozoa of Diprion pini (Diprionidae)
measure 73 uym, while in five other members of the Tenthredinoidea family the length of
this cell ranges from 56 to 64 ym (Quicke et al., 1992). The spermatozoa are longer in
other ‘symphyta’ superfamilies. For example, the spermatozoa of Xyela jullii
(Xyeloidea) are 160 um in length (Newman & Quicke, 1999). In Cephalcia arvensis
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(Pamphiloidea), these cells measure approximately 100 um and in Cephoidea they
range from 49 um to 54 um (Quicke et al., 1992). The length of these cells does not
appear to be related to phylogeny in the superfamilies, although it is a homoplastic
characteristic; however, this measurement may be useful in taxonomic studies,
principally those involving Hymenoptera species in which the degree of sexual
dimorphism is high (Pereira et al., 2008).

In D. diversipes, as in other Argidae such as A. pagana (Lino-Neto et al., 2008),
and A. nigripes (Quicke et al., 1992), the perforatorium terminates in an apparently
empty sub-acrosomal space in the anterior region of the acrosome. This characteristic
is shared by Athalia sp., Calameuta pallipes, Diprion pini (Diprionidae) (Quicke et al.,
1992), Tremex sp. (Siricoidea), Cephalcia arvensis (Pamphiloidea), and Xyela jullii
(Xyeloidea) (Newman & Quicke, 1999), representing a synapomorphy for basal
Hymenoptera ‘symphyta’. However, the length and diameter of the acrosome and
perforatorium vary significantly between these species.

The insertion of the base of the perforatorium into a cavity at the anterior
extremity of the nucleus is a feature found in all Hymenoptera, and is considered a
synapomorphic characteristic of the order (Jamieson et al., 1999). However, variations
in the depth of insertion are found between the different species. In D. diversipes
(Dielocerinae), the perforatorium extends alongside the nucleus and continues parallel
for approximately half its length. However, in A. pagana (Arginae) (Lino-Neto et al.,
2008), the perforatorium is inserted into a central cavity of the nucleus over an
extension of approximately a quarter of its length. This characteristic can be used to
separate these subfamilies within the Argidae.

In the nuclear-flagellar transition zone, a common characteristic among D.
diversipes (Dielocerinae) and A. pagana (Arginae) (Lino-neto et al., 2008) is that the
centriolar adjunct originates above the nuclear base. However, the mitochondrial
derivatives have different insertions since in D. diversipes they start together and below

the centriolar adjunct and A. pagana the large mitochondrial derivative comes before
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the smaller mitochondrial derivative. The position of two mitochondrial derivatives
enables D. diversipes (Dielocerinae) to be separated from Arge pagana (Arginae). The
position of the centriolar adjunct in A. pagana, running parallel to one of the two
mitochondrial derivatives, was also observed in the tenthredinid Athalia sp. (Quicke et
al,, 1992). This arrangement also occurs in other ‘symphyta’, such as Cephoidea
(Quicke et al., 1992) and Xyeloidea and Megalodontoidea (Newman & Quicke, 1999).
In Tremex sp. (Siricoidea), the centriolar adjunct begins below the nuclear base and
ends, as in D. diversipes, surrounding the anterior tip of the two mitochondrial
derivatives. In contrast to D. diversipes and A. pagana, in many Aculeata, the
mitochondrial derivative originates above the nuclear base (Araujo et al., 2005b; Fiorillo
et al., 2008).

In D. diversipes, as in all of the other reported ‘symphyta’, the two mitochondrial
derivatives are oval shaped and have a similar diameter at their cross-sections (Lino-
Neto et al., 2008; Newman & Quicke, 1999; Quicke et al., 1992). The single exception
is the spermatozoa of Xyela julii (Xyeloidea) (Newman & Quicke, 1999), in which these
structures are circular with different diameters. The smaller diameter of the
mitochondrial derivatives in D. diversipes, A. pagana (Lino-Neto et al., 2008) and
Athalia sp. (Quicke et al. 1992) is a synapomorphy that gathers these three species of
Tenthredinidae into a group and differentiates them from other ‘symphyta’ families.

The axoneme in D. diversipes terminates abruptly, with the central microtubules
being the first to terminate as in the other ‘symphyta’ (Lino-Neto et al., 2008; Quicke et
al. 1992).

The spermatozoa of the D. diversipes species analyzed in the present study
have various morphological characteristics in common with other previously described
‘symphyta’. These similarities may aid in phylogenic studies of the group based on the
following characteristics: (1) the presence of spermatozoa in bundles in the seminal
vesicle; (2) a sub-acrosomal space in the region anterior to the acrosome and (3) small
mitochondrial derivative diameters. Other characteristics differ significantly from those
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of other ‘symphyta’, such as the number of spermatozoa per bundle. The insertion of
the perforatorium into the nucleus and the position of the mitochondrial derivatives
enable two subfamilies to be differentiated in Argidae. Such differences point to the
need to characterize spermatozoa in various species of the different ‘symphyta’
families so that phylogenetic inferences can contribute toward explaining the

evolutionary features of this group.
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The descriptions of new microanatomical structures of the male reproductive

system and sperm of Myschocyttarus cassununga (Hymenoptera: Vespidae)
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ABSTRACT

The male reproductive system of Mischocyttarus cassununga consists of two testes,
each one with three follicles, as occurs in most Vespidae. The seminal vesicle is
divided in two chambers, separated by a constriction, so that the anterior locus is a little
larger. In the testicular follicles, the spermatozoa are organized in cysts, with
approximately 128 per cyst, where the nuclei are oriented toward the follicle center.
The spermatozoa of M. cassununga is about 97 um in length, which makes them the
shortest sperm described for Vespidae. Sperm ultrastructure of M. cassununga is very
similar of the others Vespidae. But, despite these similarities, the bilobated
mitochondrial derivative represents an autapomorphy for M. cassununga. The
subdivision of the seminal vesicle has never been observed in any other Vespidae.
Thus, this study supports the validity of insect sperm morphology as a tool for
phylogenetic analysis within Hymenoptera.

Key words: Testes, insect, ultrastructure, cyst and seminal vesicle

30



1. INTRODUCTION

Studies in temperate and tropical regions indicate that Hymenoptera is the order
of Insecta that is richest in species (Gaston, 1991; Grimaldi and Engel, 2005; Sharkey,
2007). These species are pollinators, phytophagous, predators and parasitoids and
therefore are of great interest, economically and ecologically.

With approximately 4500 species described, the Vespidae family is classified in
six apparently monophyletic subfamilies (Carpenter, 1991), varying from solitary to
eusocial (Crespi and Yanega, 1995). The Polistinae subfamily is cosmopolitan,
presenting eusocial behavior and most of their 26 genera are Neotropical (Brothers and
Finnamore, 1993). The eusocial wasp Myschocyttarus sp. is indicated in this subfamily
as a model for studies of social behavior evolution in wasps (Giannotti, 1999; Togni
and Giannotti, 2008). Still, there are many doubts about the biology, reproductive
behavior and phylogeny in this group.

Sperm ultrastructure has become an important character source for
phylogenetic studies (Jamieson et. al. 1997). Quicke et al. (1992) described the
spermatozoa ultrastructure of various species in Hymenoptera and reported differences
in the typical characteristics of the taxa, providing new phylogenetic indicators for the
group. When it is allied with other morphological characters, such as follicle number per
testis and sperm number per bundle, it increases the knowledge about the group and
can be used in phylogeny, taxonomy and reproductive biology (Pereira et al., 2008).

In Vespidae, sperm ultrastructure has been described for Vespa crabro
(Vespinae) and Agelaia vicina (Polistinae) (Mancini et al., 2006, 2009). The
reproductive system was described in Ancistrocerus antilope (Eumeninae) (Bushrow et
al., 2006) and in Polistes sp. (Polistinae) (Araujo et al., 2010; Dirks and Sternburg,
1972).

In the present study, the morphology of the male reproductive system and the
spermatozoa of Myschocyttarus cassununga have been described to supply
information for reproductive biology and phylogeny in Vespidae.
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2. MATERIAL AND METHODS

Adult males of Myschocyttarus cassununga were collected in natural nests in
forest fragments near the city of Vicosa (Minas Gerais, Brazil).

2.1. Light microscopy — For the histological investigation, testes and seminal
vesicles of five mature adult males were dissected and fixed for 6 h in a solution
containing 2.5% glutaraldehyde, 0.2% picric acid, 3% sucrose and 5 mM CaCl2 in 0.1
M sodium cacodylate buffer, pH 7.2. The materials were post-fixed in 1% osmium
tetroxide, in the same buffer, for 2 h. Dehydration was carried out in ethanol and
embedding in GMA (Leica). Thin sections were stained with toluidine blue.

For each male, a sperm suspension was extracted from one of the seminal
vesicles, spread on glass microscope slides and fixed for 20 min in a solution of 4%
paraformaldehyde in 0.1 M sodium phosphate buffer, pH 7.2. After drying at room
temperature, the preparations were observed with a photomicroscope (Olympus, BX-
60), equipped with phase contrast and 200 spermatozoa were photographed, to then
be measured. To access nucleus measurements, some of these preparations were
stained for 15 min with 0.2 mg/ml 4,6-diamino-2-phenylindole (DAPI) in PBS, washed,
and mounted in 50% sucrose. They were examined with an epifluorescence
microscope (Olympus, BX-60), equipped with a BP 360-370 nm excitation filter. All
measurements were obtained with the software Image Pro-Plus, version 4.5 (Media
Cybernetics Inc., MD, USA) and the lengths were averaged from the total number of
spermatozoa analyzed.

2.2. Transmission electron microscopy — From each male, one of the seminal
vesicles was fixed for 24 h, at 4 °C, in a solution containing 2.5% glutaraldehyde, 0.2%
picric acid, 3% sucrose and 5 mM CacCl, in 0.1 M sodium cacodylate buffer at pH 7.2.
After rinsing in buffer, they were post-fixed with 1% osmium tetroxide in the same
buffer for 2 h. Dehydration was carried out in acetone, followed by Epon embedding.

Ultrathin sections were stained with the 2% uranyl acetate and 0.2% lead citrate in 1 M
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sodium hydroxide and observed using a Jeol 1011 transmission electron microscope,

operating at 80 KV.

3. RESULTS

The male reproductive system of Myschocyttarus cassununga consists of two
testes, a pair of deferent ducts, a pair of accessory glands and one ejaculatory duct
(Fig. 1A). The deferent duct possesses an extensive, specialized region, the seminal
vesicle, where spermatozoa are stored until mating. Therefore, the deferent duct can
be divided in pre and post-vesicular regions (Fig. 1B). Each testis is formed by three
fusiform follicles (Fig. 1C) which release their spermatozoa into the deferent duct (Fig.
1D). The accessory gland is found near the seminal vesicle and discharges its
secretion into the post-vesicular deferent duct (Fig. 1B). A connective tissue capsule
involves the testes and seminal vesicles (Figs. 1B, C and F). In the distal portion of the
abdomen, the deferent ducts join in a short ejaculatory duct (Fig. 1A).

In the testicular follicles, cysts of spermatozoa can organize both, parallel or
transverse to the greater axis of the follicle. In each cyst, surrounded by the cystic cells,
approximately 128 spermatozoa can be counted. Upon reaching the deferent duct the
spermatozoa are still organized in bundles (Fig. 1D). However, spermatozoa observed
in the seminal vesicles are encountered individually (Fig. 1F). The seminal vesicle of M.
cassununga presents a simple, prismatic epithelium, in a cell layer that varies between
10 and 30 um in height. The nucleus is found in the basal portion of the cells, with a
brush border at the apex. The seminal vesicle is divided in two chambers (c1, c2) (Figs.
1B, F, G): c1 is the largest locus, nearer to the testes which receives spermatozoa
transported by the pre-vesicular deferent duct; c2 is smaller and separated from c1 by
a muscular constriction (Fig. 1G).

The accessory glands present a simple and prismatic epithelium, with a large
quantity of clear secretory vesicles (Fig. 1E). The lumen of the gland is filled with a

granular secretion and is continuous with the post-vesicular deferent duct (Fig. 1B).
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Spermatozoa of M. cassununga are slender, measuring approximately 97 um in
length. They can be divided in head and flagellum. The head of the spermatozoa is
composed of the nucleus with approximately 14 um in length and the acrosome, above
the nucleus (Fig. 1H). The acrosomal vesicle consists in a perforatorium with
paracrystalline organization coased by an electron-dense material and extends a little
beyond the perforatorium (Fig. 2A). This region is circular in a cross-section (Fig. 2B).
In the region where the perforatorium is sectioned, the acrosome is elliptical in cross-
sections. An electron lucid region is observed between the acrosomal vesicle and the
perforatorium (Fig. 2C). At the nucleus apex, the perforatorium is inserted in a cavity
with approximately 0.25 um in depth (Fig. 2D), this region has an elliptical shape in
cross-sections (Fig. 2E). The nucleus is uniformly filled with condensed chromatin and
also present an elliptical shape in cross-sections (Fig. 2F). The basal portion of the
nucleus presents a projection in direction of the axoneme (Fig. 2G, H).

The flagellum of the spermatozoa consist of an axoneme, a centriolar adjunct,
two mitochondrial derivatives, one large and the other small, and two accessory bodies
(Fig. 2H, M).

The head-flagellum transition region is marked by the presence of the centriolar
adjunct. This is an electron-dense protein structure which initiates at the nuclear base,
between the large mitochondrial derivative and the nucleus (Fig. 2H, I). Below, it
becomes thicker, assuming a triangular shape in cross sections; in this region it is
observed laterally to the large mitochondrial derivative and the axoneme (Figs. 2J-L).
The centriolar adjunct extends until slightly above the shorter mitochondrial derivative.

Mitochondrial derivatives are structures which extend parallel along the
flagellum. The larger mitochondrial derivative begins lateral to the nuclear base (Fig.
2H, I). In cross-sections, the larger mitochondrial derivative presents an oval shape.
Along nearly its entire extension it is possible to distinguish two regions, one

paracrystalline more distant from the axoneme and another region where the
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mitochondrial cristae are encountered, near to the axoneme (Figs. 2L-N). The small
mitochondrial derivative initiates below the centriole adjunct, and presents only the
mitochondrial cristae region, near the axoneme (Fig. 2M). Mitochondrial cristae of the
derivatives are organized parallel to each other (Fig. 20). The small derivative
terminates first in the final portions of the flagellum, in the region near its termination; it
presents morphological alterations, with two lobes, separated by a constriction (Fig.
2N). When the larger mitochondrial derivative is observed alone at the end of the
flagellum, it no longer presents a region with paracrystalline organization (Fig. 2P).
Between each of the mitochondrial derivatives and the axomene is an accessory body;
these structures which has a triangular shape when observed in cross sections (Figs.
2L —N).

The axoneme of the spermatozoa of M. cassununga extends along the entire
flagellum in a 9 + 9 + 2 pattern, with nine most external accessory microtubules, nine
doublets and one central pair of microtubules (Fig. 2L). The region of the axoneme
closest to the nucleus base, known as the centriole region, is marked by the absence
of the central pair of microtubules (Fig. 2K). In the final portion of the flagellum, the
axoneme is the last component to disorganize, being observed alone in cross-sections
(Fig. 2Q). The microtubule doublets are the first elements of the axoneme that begin to
disorganize (Fig. 2R), however the central pair of microtubules is the first to completely
disappear (Fig. 2S). The accessory microtubules are the last elements of the axoneme

to disorganize (Fig. 2T).
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Figure 1. Light microscopy of male reproductive system of Myschocyttarus cassununga. A.
Anatomy showing the testes (t), seminal vesicle (sv), accessory glands (g), deferent ducts
(dd), and the ejaculatory duct (ej) (Bar 0,5 mm). B. Longitudinal section showing the presence
of testicular follicles (f), seminal vesicle with two chambers (c1, ¢2), accessory glands and the
conjunctive capsule (cc) involving the testes and the seminal vesicle. Note the two portions of
the deferent duct: pre-vesicular region (pv) and the post-vesicular region (ps) (Bar 100 um). C.
Cross section of the testes showing the presence of three follicles per testes and the testicular
capsule (Bar 50 um). D. Pre-vesicular deferent duct with sperm bundles in the lumen (arrows).
Note the prismatic epithelium (e) (Bar 25 um).E. Detail of the accessory gland epithelium with
secretory vesicles (arrow) (Bar 25 um). F. Seminal vesicle showing the connective tissue
capsule surrounding the epithelium (ep) of the two chambers containing sperm (z) inside c1
(Bar 25 um). G. Detail of the muscle constriction (open arrows) between c¢1 and c2 and
connective tissue capsule (Bar 25 ym). H. In phase contrast micrograph of sperm, (h) head, (t)
tail. Inset: fluorescent microscopy showing the nucleus (Bar 10 um).
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Figure 2. Transmlssmn electron microscopy of Myschocyttarus cassununga sperm A.
Longitudinal section of head showing the acrosomal vesicle (a), the perforatorium (p) and nucleus
(n) (Bar 0,5 um). B and C. Acrosome in transverse sections of different heights, (B) edge of the
acrosome and (C) middle region of the acrosome (Bar 0,1um). D and E. Longitudinal (D) and
transverse (E) sections showing the perforatorium inserted in the nucleus apex. (m) Plasmatic
membrane (Bars D= 0,2 ym and E= 0,5 ym) F. Cross section of the nucleus (Bar 0,2 um). G and
H. Longitudinal sections of the head-flagellum transition. (c) centriole, (ax) axoneme, (ca)
centriolar adjunct, (D) larger mitochondrial derivative (Bars 0,2 pm). I-K. Cross section of the
head-flagellum transition. (am) accessory microtubules, (dm) microtubule doublets (Bars 0,2 um).
L-N. Cross sections of the flagellum. (cm) central pair of microtubules, (ab) accessory body, (d)
smaller mitochondrial derivative, (D) larger mitochondrial derivative, (*) paracrystalline region of
the mitochondrial derivative, (cr) region with mitochondrial cristae (Bars 0,5 ym). O. Longitudinal
section of flagellum showing the mitochondrial cristae (arrows) (Bars 0,2 um). P-T. Cross section
of the final flagellar portion showing the gradual disorganization of the axonema (Bar 0,5 um).
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DISCUSSION

In Myschocyttarus cassununga the male reproductive system is similar to that
observed in Ancistrocerus antilope (Eumeninae), with a capsule which envelopes the
testes and seminal vesicles (Bushrow et al., 2006). However in Polistes sp.
(Polistinae), which belongs to the same subfamily as M. cassununga, a capsule
enveloping the testes, seminal vesicle and accessory gland was observed (Araujo et
al., 2010; Dirks and Sternburg, 1972). Characteristics derived from the anatomy of the
male reproductive system may not be maintained constant within inferior taxa or
groups closely related as observed in bees (Ferreira et al., 2004).

Testes presenting three follicles as in M. cassununga also occur in other
Polistinae such as P. versicolor, P. metricus, P. exclamans and P. annularis, P.
gallicus; and in the Eumaninae Ancistrocerus antilope (Araujo et al., 2010; Bushrow et
al., 2006; Dirks and Sternburg, 1972). Bee species from the most basal subfamilies
including Colletinae, Halictinae, Andreninae and some Megachilinae also presented
three follicles per testis (Ferreira et al., 2004), suggesting a proximity between these
groups. However the majority of Apinae, Mellitinae and Megachilinae present four
follicles per testis (Araujo et al., 2005; Ferreira et al., 2004; Roig-Alsina and Michener,
1993) with the exception of Apis mellifera with roughly 250 follicles (Chapman, 1998)
and Hypanthidium faveolatum with 28 follicles (Gracielle et al., 2009). Despite ants
being closer related to wasps (Superfamily Vespoidea) the number of follicles in ants
varies from 1 to 25 (Wheeler and Krutzsch 1992).

The release of spermatozoa in bundles from the testes to the seminal vesicles
observed in M. cassununga is a common feature for Aculeata in general (Moreira et al.,
2004), with exception of the bee Friesella schyrotkyi (Brito et al., 2010). The
spermatogonia in M. cassununga undergo the same number of mitotic cycles as
Meliponini bees and the sphecoid wasp Sceliphron sp., which also have approximately
128 spermatozoa per cyst (Cruz-Landim, 2001; Moreira et al., 2003). In contrast, it is

different from another Polistinae Polistes versicolor which has approximately 64 per
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cyst (Araujo et al., 2010) and the sphecoid wasp, Trypoxylon sp., which has roughly 32
spermatozoa per cyst (Moreira et al., 2008). Virkki (1973) presented the hypothesis
that derived species tend to have fewer spermatozoa per cyst than basal species.
However, because Polistes versicolor and Mischocyttarus cassununga present
different numbers of spermatozoa per cyst, this indicates that there may be variations
of this characteristic even within closely related species.

The seminal vesicle divided into two chambers, as described here, has never
been observed in other Vespidae. However, this aspect is also present in Aculeata
Sphecidae (Moreira et al., 2008) and some Chalcidoidea (Damiens and Boivin, 2005;
Fiorillo et al., 2008; Gerling and Legner, 1968). Baer and Boomsma (2004) named
these chambers as: sperm reservoir (the upper part) and ejaculatory section (the lower
part). In Chalcidoidea Pegoscapus sp. (Fiorillo et al., 2008) and Trypoxylon sp.
(Sphecidae) (Moreira et al., 2008), the seminal vesicle is not divided in separate
chambers, but it shows two distinctive portions sharing similarities with the previously
described chambers. The anterior portion stores the mature spermatozoa and
participates in the reabsorption and digestion of defective cells (spermiophagy) and
spermfluid, as reported for other species (Araujo et al., 2005; Dallacqua and Cruz-
Landim, 2003; Viscuso et al., 1999). On the other hand, the posterior seminal vesicle
portion acts on the ejaculation (Baer and Boomsma, 2004; Gerling and Legner, 1968).
The presence of this second portion, probably guarantees that only a little amount of
the stored spermatozoa is ejaculated per sexual copulation. This restraint would be
essential to provide each male with the potential to mate with many females in rapid
succession (King, 1987).

The total length of spermatozoa in Vespidae is known for some species of
Vespinae, Polistinae and Eumeninae (Mancini et al., 2006; Quicke et al., 1992).The
shortest and the longest sperm reported belong to the genus Mischocyttarus, where M.

cassununga measures 97 um and Myschocyttarus sp., 245 um (Quicke et al., 1992).
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The acrosome, formed by an acrosomal vesicle and a perforatorium, is a
common characteristic of Hymenoptera. In Myschocyttarus cassununga, A. vicina
(Mancini et al., 2006) e Vespa crabro (Mancini et al.,, 2009) the acrossomal vesicle
shows an oval shape in cross section and a similar appearance was observed in the
bee sperm (Bao et al., 2004; Cruz-Hofling et al., 1970; Fiorillo et al., 2005; Peng et al.,
1992, 1993; Zama et al., 2005a), while an acrosomal vesicle with a circular profile in
the anterior region and triangular in the mid region has been observed in the sperm of
the stingless bees (Aradjo et al., 2005; Zama et al., 2001, 2004) and ants (Lino-Neto
and Dolder, 2002; Moya et al., 2007; Wheeler et al., 1990). The cylindrical shape of the
perforatorium are observed in M. cassununga, A. vicina (Mancini et al., 2006) and in
most of Hymenoptera, while the conical shape of the perforatorium of V. crabro sperm
is shared with the Euglossinae Eufriesea violacea (Zama et al., 2005a), as well as the
Halictinae Pseudaugochlora graminea bees (Fiorillo et al., 2005).

In the nucleus-flagellum transition region the short centriolar adjunct and the
larged mitochondrial derivative beginning the base of the nucleus is the characteristic
more evident shared for M. cassununga and the two Vespidae (Mancini et al., 2006,
2009). In Apidae, who begins beside the nucleus is also the larger mitochondrial
derivative, however the centriolar adjunct is longer (Bao et al., 2004; Fiorillo et al.,
2005; Lino-Neto et al., 2000b; Peng et al., 1992, 1993; Zama et al., 2001, 2004). In
Formicidae (Lino-Neto and Dolder, 2002; Moya et al., 2007; Wheeler et al., 1990;),
Chalcidoidea (Lino-Neto et al., 2000a; Lino-Neto and Dolder, 2001) and the ‘symphyta’
Tremex sp. (Newman and Quicke, 1999a) the centriolar adjunct begins besides the
nucleus and finishes on them mitochondrial derivatives. In M. cassununga, V. crabro
and A. vicina, as occurs in many Hymenoptera spermatozoa (Bao et.al., 2004; Fiorillo
et al., 2005; Lino-Neto et al., 2008; Newman and Quicke, 1998,1999a, 2000; Lino-Neto
et al., 2000b; Zama et al., 2001, 2004, 2005a,b;), the centriolar adjunct is located

between the nuclear base and one of the mitochondrial derivatives.
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The occurence in M. cassununga sperm of two mitochondrial derivatives with
different shapes, a paracristaline core only in the larger mitochondrial derivatives and
the paracrystalline core occurring distally in relation to the axoneme, can also be found
in A. vicina (Mancini et al., 2006) e Vespa crabro (Mancini et al., 2009), Apidae (Lino-
Neto et al., 2000b; Zama et al., 2001, 2004, 2005a; Bao et al., 2004; Fiorillo et al.,
2005) and in parasitc wasps Eucoilidae e Megalyroidea (Newman and Quicke, 1999b,
2000). In Formicidae, however, the mitochondrial derivatives are equal in shape, the
paracrystalline core is located in both mitochondrial derivatives and the paracrystaline
is proximal in relation to the axoneme (Caetano, 1980; Lino-Neto and Dolder, 2002;
Moya et al., 2007; Wheeler et al., 1990).

In the ending of the axonemal microtubules, M. cassununga, resembles what
has been observed in Apidae (Bao et al., 2004; Fiorillo et al., 2005; Peng et al., 1993;
Zama et al., 2001, 2004, 2005a;); in both the groups the accessory microtubules are
the last to end. In contrast, in parasitic wasps Chalcidoidea (Lino-Neto et al., 1999,
2000a; Lino-Neto and Dolder, 2001) and Ichneumonoidea (Moreira et al., 2010), the
accessory microtubules end first.

In conclusion, the spermatozoa of M. cassununga have many ultrastructural
characteristics in common with that described for Vespa crabro (Polistinae) and
Agelaia vicina (Eumaninae), showing the following features well conserved in
Vespidae: 1) the acrosome includes the acrosomal vesicle and perforatorium; 2)
nucleus with compact and homogeneous chromatin; 3) centriolar adjunct located
between the base of the nucleus and one of the mitochondrial derivatives; 4) posterior
region of the nucleus enveloped by the centriolar adjunct; 5) elongation of the nucleus
surrounded by the centriole; 6) axoneme presents a 9+9+2 microtubule pattern; 7)
mitochondrial derivatives begin at different heights and have different diameters; 8)
central microtubules and nine doublets terminate first, followed by accessory

microtubules. The subdivision of the seminal vesicle has never been observed in any
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other Vespidae. Despite the similarity of sperm morphology among Vespidae, the

bilobated mitochondrial derivative is an autapomorphic character in M. cassununga.
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Capitulo

Evidéncias do monofiletismo em abelhas sem ferrdo considerando caracteres

derivados da morfologia do sistema reprodutor masculino.
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Resumo

Em Apini, as relacgdes filogenéticas entre as quatro subtribos de abelhas corbiculadas
(Bombina, Meliponina, Apina e Euglossina) ainda permanece controversa, apesar de
varios trabalhos ja feitos com o grupo. Dados derivados da morfologia externa de
larvas e dados anatbmicos, histoldgicos e citolégicos derivados de estruturas internas,
se mostraram plausiveis de serem usados em inferéncias filogenéticas das abelhas
corbiculadas e dos insetos em geral. Diante disto, este trabalho compara
caracteristicas da morfologia do aparelho reprodutor e espermatogénese entre
espécies representantes das quatro subtribos de abelhas corbiculadas. Individuos de
Xylocopa frontalis (Xylocopini) e Centris sp. (Centridini) também foram utilizadas.
Como grupo externo. Machos recém emergidos tiveram seus testiculos preparados
utilizando metodologia de rotina para microscopia de luz e de eletrbnica de
transmissao. Informagdes obtidas neste trabalho juntamente com os da literatura
indicam duas sinapomorfias das espécies de Meliponina derivadas da morfologia do
aparelho reprodutor. sete ciclos mitéticos durante a espermatogénese e ducto

deferente com funcgao secretora.
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1- Introducéo

A classificagdo tradicional para abelhas foi proposta por Michener (1944) a
partir de estudos com morfologia externa comparada na qual as abelhas estado
divididas em seis familias: Andrenidae, Apidae, Colletidae, Halictidae, Megachilidae e
Melittidae. Recentemente, Melo e Gongalves (2005) propuseram uma modificagdo
nesta classificacdo, agrupando todas as abelhas em uma uUnica familia Apidae,
constituida de 7 subfamilias que correspondem as familias da classificagao tradicional,
51 tribos e 27 subtribos.

Em Apidae, Apinae é a maior subfamilia composta por 18 tribos. Em Apini, as
relagbes filogenéticas entre as quatro subtribos de abelhas corbiculadas (Bombina,
Meliponina, Apina e Euglossina) ainda permanece controversa, apesar do varios
trabalhos ja feitos com o grupo (Cameron 1991, 1993; Cameron e Mardulyn, 2001;
Chavarria e Carpenter, 1994; Koulianos et al., 1999; Mardulyn e Cameron, 1999;
Michener, 1944,1990; Noll, 2002; Winston e Michener, 1977; Plant e Paulus, 1987;
Prentice,1991; Roig- Alsina e Michener, 1993; Sheppard e MacPheron,1991; Serrao
2001; Silveira et al., 2002).

A morfologia externa de adultos € bem conhecida em todos os grupos de
abelhas e, consequentemente, a filogenia baseada em caracteres morfolégicos
externos é a comumente usada para Apidae. Dados derivados da morfologia externa
de larvas e dados anatbmicos, histolégicos e citoldgicos derivados de estruturas
internas, como por exemplo, o proventriculo pode fornecer novos caracteres, os quais
ja se mostraram plausiveis de serem usados em inferéncias filogenéticas das abelhas
corbiculadas e dos insetos em geral. (Serrdo 2001; Straka, 2007).

Estudos da anatomia do sistema reprodutor e da espermatogénese indicam que
nos Hymenoptera, e nos insetos em geral, as divisdes e o desenvolvimento das células
germinativas masculinas ocorrem em grupos denominados de cistos localizados dentro
dos foliculos testiculares (Bao e Dolder, 1991). Os cistos sdo formados por clones de
células germinativas revestidos por uma camada de células epiteliais ndo germinativas
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(Baccetti e Bairati, 1964). Nos Hymenoptera, a haploidia € a condigao tipica dos
machos e em decorréncia deste fato, existe uma grande alteracdo no processo de
espermatogénese para que a ploidia ndo seja reduzida a metade na meiose, como
ocorre tipicamente nos organismos diploides (Cruz-Landim e Beig, 1980a). Ao final da
espermatogénese cada cisto e composto por um numero de espermatozéides tipico
para cada espécie.

Considerando a potencialidade de somar dados morfoldgicos internos a analises
filogenéticas comumente utilizadas, neste trabalho descrevemos caracteres derivados
do sistema reprodutor masculino e da espermatogénese em representantes das

abelhas corbiculadas.
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2-Material e Métodos

Machos adultos representantes das quatro subtribos de Apini foram coletados no
Apiario da Universidade Federal de Vigosa. Foram utilizados oito individuos de
Melipona rufiventris, Friesomelita varia, Nanotrigona punctata, Friesella schrottkyi
(Melipinina), Apis mellifera (Apina), Bombus atratus (Bombina), Euglossa mandibulares
(Euglossina). Individuos de Xylocopa frontalis (Xilocopini) e Centris tarsata (Centridini)
também foram utilizados.
Microscopia de luz: Os sistemas reprodutores foram dissecados e fotografados para
andlise de caracteristicas anatdmicas como a presenga ou auséncia de glandulas
acessorias e o0 numero de foliculos testiculares. Para obter o numero de
espermatozoides por cistos, os testiculos foram dissecados e fixados em gluteraldeido
2.5% em tampao cacodilato de sédio 0.1 M, pH 7.2, e pds-fixados em tetroxido de
6smio 1%. Em seguida, foram desidratados em série alcodlica crescente e embebidos
em historesina®. Cortes semifinos foram corados com azul de toluidina e fotografados
em um microscopico Olympus CX 31. Foram usados vinte cistos de cada espécie, em
fase final da espermiogénese, para obter a média do niumero de espermatozéides por
cisto. Algumas destas secg¢des foram coradas por 15 minutos com 0.2 ug/ml 4,6-
diamino-2-fenilindole (DAPI) em tampao fosfato, e examinadas em um microscopio de
epifluorescéncia (Olympus, BX-60), equipados com filtro de excitagdo BP360-370 nm.
Microscopia Eletronica de transmisséo: Alguns testiculos foram dissecados e fixados
por 3-4 horas em solucao de gluteraldeido a 2,5% em tampé&o cacodilato de sédio 0,1
M e pH 7.2, acrescido de sacarose 1,5%, acido picrico 0,2% e cloreto de calcio 5 mM.
Apés lavar por 1-2 h, foram poés-fixados em tetréxido de ésmio a 1% no mesmo
tampao cacodilato. Em seguida foram desidratados em acetona e embebidos em Epon
812. Os cortes ultrafinos, apdés contrastados com acetato de uranila e citrato de
chumbo, foram observados em um microscopio eletrdnico de transmissao (Zeiss, Leo

906), operando em 60 e 80 kV.

50



3-Resultados

A anatomia do sistema reprodutor em machos sexualmente maduros das
abelhas estudadas compreende um par de testiculos, vesiculas seminais, ductos
deferentes, glandulas acessorias e um ducto ejaculatério (Fig. 1 A). Tal padréo nao se
aplica aos Meliponina (Scaptotrigona xantotricha; Melipona ruviventris, Nanotrigona
punctata, Friesomelita varia e Friesella schrottkyi) por ndo possuirem glandulas
acessorias ao longo do trato reprodutor (Fig. 1 B). Em Apis mellifera (Apina) (Fig. 1 C,
D), Bombus atratus (Bombina) (Fig. E) e Euglossa mandubulares (Euglossina) (Fig.
1F) foram observados até 64 espermatozéides por cisto e 4 foliculos por testiculo. Ja
as espécies de Friesomelita varia (Fig. 2 A), Melipona rufiventris (Fig. 2 B),
Nanotrigona punctata (Fig. 2 C), Friesella schrottckyi (Fig. 2 D) apresentaram até 128
espermatozoides por feixe e também possuem 4 foliculos por testiculo. Centris tarsata
(Fig. 2 E) e Xylocopa frontalis foram utilizadas como grupo externo (Fig. 2 F).

Tabela 1- Espécies de abelhas utilizadas no estudo e caracteristicas estudadas.

Subtribo/Espécie N° sptz /cisto Ne° foliculos Glandula acesséria
Apina
Apis mellifera 64 250 P
Bombina
Bombus atratus 64 4 p
Euglossina
Euglossa mandibulares 64 4 2]
Meliponina
Melipona rufiventris 128 4 A
Nanotrigona punctata 128 4 A
Friesomelita varia 128 4 A
Friesella schrottkyi 128 4 A
Grupo externo
Centridini
Centris tarsata 64 4 P
Xylocopini
Xylocopa frontalis 64 4 P
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Figura 1- Micrografia de luz (A-C) e eletrbnica de transmisséo (D-F) do aparelho reprodutor de
(A) Euglossa mandibulares e (B) Scaptotrigona xantoticha; e de feixes de espermatozoides de
(C,D) Apis melifera; (E) Bombus atratus; (F) Euglossa mandubulares. (t) testiculo; (f) foliculo;
(ga) Glandula acessoria; (de) ducto deferente; (vs) vesicula seminal.
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Figura 2- Microografia de luz (A,B,D-F) e eletrénica (C) de feixes de espermatozéides de (A)
Friesomelita varia; (B) Melipona rufiventris; (C) Nanotrigona punctata; (D) Friesella schrottkyi;
(E) Centris tarsata e (F) Xylocopa frontalis.
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4-Discusséo

Poucos trabalhos enfatizam caracteres morfologicos do sistema reprodutor
masculino de abelhas (Araujo et al. 2005; Ferreira et al. 2004; Lima et al. 2006; Lino-
Neto et al. 2001), sendo que dentre eles se destaca o de Ferreira et al. (2004) pelo seu
aspecto abrangente e comparativo. Nesse trabalho os autores descreveram quatro
tipos diferentes de sistema reprodutor de machos. A maioria dos representantes de
Bombina e Euglossina apresentou o conjunto de caracteres agrupados como o tipo lll,
nos quais os testiculos, os ductos deferentes pré-vesicular e as vesiculas seminais
estao encapsulados separadamente formando duas unidades, cada uma contendo um
testiculo e uma vesicula. Neste tipo, as glandulas acessorias sdo bem desenvolvidas e
o duto ejaculatério é calibroso, apresentando fissuras em sua parede externa. Apis
mellifera foi considerado como um subgrupo do grupo Il devido ao numero aumentado
de tubulos seminiferos. Ja os Meliponini apresentaram o do tipo IV que é caracterizado
principalmente pela auséncia de glandulas acessoérias. Segundo estes mesmos
autores, ao longo do tempo houve aumento no numero e no comprimento dos tubulos
seminifero que resultaram num aumento na producdo de espermatozodides. Nossos
resultados mostram que um aumento no nimero de foliculos em Apina nao resultou no
aumento do numero de espermatozoéides por feixe. Meliponina obteve um aumento do
numero de espermatozdides por feixe sem aumentar o numero de foliculos
testiculares.

A espermatogénese nestes machos se assemelha a uma mitose, pois cada
espermatogOnia origina duas espermatides (Cruz-Landim e Beig, 1980a, b; Lindsley e
Tokuyasu, 1980; Oguma e Kurokawa, 1984; Cruz-Landim, 2001). Durante a
espermiogénese somente uma espermatide se diferencia em espermatozéides (Lino-
Neto et al., 2008). Desta forma, o niumero de espermatides por cisto & caracteristico
para cada espécie e pode ser expresso como 2" onde “n” é usualmente igual a 5, 6, 7
ou 8. O numero de espermatozoide por cisto € constante para cada espécie Assim,
Meliponina apresenta sete divisdes mitdticas, ja Bombina, Euglossina e Apina
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apresentam seis divisbes na espermatogése. A presenca de um ciclo mitético a mais
em Meliponina, em relagdo a outros grupos de corbiculados, pode ser considerada uma
sinapomorfia para espécies de Meliponina.

O numero de espermatozoéides por cisto nos foliculos testiculares foi descrito
para algumas espécies de Hymenoptera (Araujo et al., 2005; Conte et al., 2005; Cruz-
Landin et al., 2008; Fiorillo et al., 2008; Lino-Neto el al., 2008; Moreira et al., 2008,
2011; Zama et al., 2007; Zama et al.,, 2005 b) e reflete 0 numero de mitose e da
viabilidade das espermatides na espermiogénese (Lino-Neto et al., 2008). O numero
de espermatozoéide por cisto separa os corbiculados em dois grupos. Um grupo com
64 espermatozoides por cisto abrangendo Euglossini, Bombini e Apini que seria mais
basal, uma vez que mantém as caracteristicas plesiomorficas, e um grupo com 128
células por cisto contendo Meliponina que seria mais derivado sugerindo que o0 maior
numero de células é uma caracteristica derivada. Nossos dados também apontam que
sdo mais basais Euglossini e Bombini, ja que somente Apini e Meliponini possuem
diferencas e ainda Meliponini poderia ser apontada como mais derivada no ramo dos
Eussociais.

As estratégias reprodutivas sao diferentes se compararmos Apina e
Meliponina. Apina apresenta mais foliculos e produz mais cistos sem alterar o nimero
de mitoses. Ja Meliponina aumentou uma mitose na espermatogénese resultando em
mais espermatozoides por feixe, mas manteve o numero de foliculos. Ainda, em
Meliponina células epiteliais da vesicula seminal ndo mostraram caracteristicas
associadas a uma fungado secretora, que sugeriu que o material em que os
espermatozoéides foram imersos no limen da vesicula seminal foi produzido em outros
lugares ao longo dos dutos e/ou durante a maturacao sexual dos machos (Araujo et al.
2005). Desta forma, ducto com fungdo de glandula seria uma sinapomorfia para

espécies de Meliponina.
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A partir de caracteres morfolégicos, varias hipoteses foram sugeridas para a
forma como estas quatro tribos estdo relacionadas (Cameron e Mardulyn, 2001;
Cardinal e Packer, 2007). Entretanto, a arvore filogenética derivada de caracteres
morfolégicos mais aceitos indica os altamente sociais Meliponini + Apini como grupos
irmaos, com o primitivamente eusocial Bombini grupo irmao a esses dois e, o grupo de
abelhas solitarias Euglossini, grupo irmao dos outros trés. Dados oriundos de analises
do pro-ventriculo, além de corroborar com a monofilia dos Meliponina, separam as
subtribos de Apini em dois grupos, apontando uma origem uUnica para a
eussociabilidade em abelhas corbiculadas em concordancia com o que foi proposto por
Roig-Alsina e Michener (1993), Noll (2002) e (Serrdo 2001). Nossos resultados
mostram caracteristicas exclusivas de Meliponina indicando que este grupo seja
monofilético que sdo sete ciclos mitéticos na espermatogénese. Provavelmente seis
ciclos mitéticos seja um caracter plesiomoérfico.

Nenhuma das hipoteses baseada na morfologia foi corroborada por dados
moleculares. Apesar disso, ambos os dados morfolégicos e moleculares dao suporte a
um padrdo comum que é o monofiletismo de cada uma das quatro tribos (Whitifield e
Kjer 2008). Whitifield e Kjer (2008) apontam que filogenias propostas para explicar a
origem e parentesco dos grandes grupos de insetos sdo controversas, devido em
parte ao que ele denomina de causas histdricas, que resultam do fato de que algumas
linhagens de insetos divergiram em rapida sucessao, dentro de um relativamente curto
intervalo de tempo, gerando padrbes das alteragdes moleculares e morfolégicos que
sdo dificeis de discernir filogeneticamente.

Como analises filogenéticas devem ser feitas utilizando o maior nimero possivel
de dados, as caracteristicas derivadas da morfologia do sistema reprodutor podem

auxiliar no entendimento sobre as relagbes em Apini.
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5. Conclusbes Gerais

e A espécie D. diversipes analisada nesse estudo compartilha caracteristicas
morfologicas dos espermatozdides com as demais ‘symphyta’ ja descritos. Estas
semelhangcas podem auxiliar em trabalhos filogenéticos do grupo baseado nos
caracteres: (1) presenca de espermatozoides em feixes na vesicula seminal; (2)
espaco subacrossomal na regido anterior do acrossomo e (3) pequenos derivados
mitocondriais simétricos. Outros caracteres diferem marcadamente dos demais
‘symphyta’ como o numero de espermatozoéides por cisto, posicdo do perforatorium
paralelo ao nucleo em grande extensao e o adjunto do centriolo do tipo simétrico. Tais
diferengas apontam a necessidade de descrever os espermatozoides em varias
espécies de diferentes familias de ‘symphyta’ para que inferéncias filogenéticas
contribuam para elucidagao das relagdes evolutivas do grupo.

e A ultra-estrutura dos espermatozoéides em M. cassununga € muito semelhante
aquela descrita para os Agelaia vicina (Mancini et al., 2006) e Vespa crabro (Mancini
et al., 2009) mostrando que esta caracteristica € bastante conservada em Vespidae
compartilhando as seguintes caracteristicas: 1) acrossomo composto por uma vesicula
acrossomal e perforatorium; 2) nidcleo com cromatina compacta e homogénea; 3)
adjunto de centriolo localizado entre a base do nucleo e um dos derivados
mitocondriais; 4) regido posterior do nucleo envolvida pelo adjunto de centriolo; 5)
prolongamento do nucleo envolto pelo axonema; 6) axonema apresenta padrao 9+9+2
de microtubulos; 7) derivados mitocondriais comegam em diferentes alturas e
didmetros, 8) microtubulos acessorios sdo os ultimos a terminarem no axonema. O
derivado mitocondrial menor bilobado na regido final do flagelo € uma autapomorfia
para M. cassununga.

o Espécies de abelhas Meliponina compartilham caracteristicas derivadas da
morfologia do sistema como a auséncia de glandula acessoria no sistema reprodutor e

seis ciclos mitéticos na espermatogénese.
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