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Resumo

Hymenoptera é uma das maiores ordens de inseto no mundo e nenhum outro
grupo possui tantas espécies benéficas para o homem quanto esse. A morfologia
dos espermatozéides tem provado ser capaz de fornecer dados Uteis para estudos
filogenéticos em diversos grupos de insetos, inclusive os Hymenoptera. Porém, os
estudos existentes até o momento descrevendo a morfologia dos espermatozéides
nessa ordem ainda nao sao suficientes para permitir inferéncias filogenéticas mais
abrangentes. Neste trabalho descrevemos a morfologia dos espermatozéides de
Melittobia hawaiiensis e M. australica (Chalcidoidea) e de Neochrysis lecointei
(Chrysidoidea) resultando em dois manuscritos que estdao em fase de submisséo.
Comparando os dados desse estudo com os disponiveis na literatura observamos
que algumas caracteristicas como a presenca de estruturas espiraladas nos
espermatozoides, presenca de material extracelular associado ao apice dos
espermatozoides e a ordem de desorganizacao dos microtubulos do axonema no
final do flagelo, parecem fornecer informagdes possiveis de serem utilizadas na
flogenia das superfamilias de Hymenoptera. Outras caracteristicas, como a
morfologia do adjunto do centriolo e dos derivados mitocondriais, parecem ser
capazes de fornecer informagdes que indicam as relacbes de parentesco entre

taxons inferiores, inclusive géneros (ou tribos) da mesma familia.



Abstract

Hymenoptera is one of the largest insect orders in the world and no other group
presents so many benefic species for humanity. In spite of these insects’
importance, there are still many uncertainties about this group’s phylogeny.
Spermatozoa morphology has proved useful in resolving phylogenetic questions in
many insects’ orders, including Hymenoptera, although the available studies
describing sperm morphology in this order do not include enough taxa to allow
detailed phylogenetic studies. This study describes the sperm morphology of
Melittobia hawaiiensis and M. australica (Chalcidoidea) and of Neochrysis lecointei
(Chrysidoidea), which resulted in two manuscripts to be submitted for publication.
Comparing data obtained in this study with those available in the literature there
are some characteristics such as the presence of spiraling structures in
spermatozoa, the extracellular material coating spermatozoa apex and the order of
disorganization of the axoneme microtubules at the flagellum end that could be
used to provide information about the Hymenoptera superfamilies’ phylogeny.
Other characteristics, such as the centriolar adjunct and mitochondrial derivatives’
morphology, provide information about the relationships among inferior taxons,

including those of the same genera, or tribes of the same family.



1 - Introducao
1.1 - A ordem Hymenoptera

Hymenoptera é uma das maiores ordens de insetos, com aproximadamente
115.000 espécies descritas (Gaston, 1991). Apesar das formigas cortadeiras, que
causam enormes prejuizos na agricultura das regides Neotropicais, pertencerem a
esta ordem, nenhum outro grupo de insetos possui tantas espécies benéficas para
o0 homem quanto os Hymenoptera (Hanson, 1995).

As abelhas meliferas tém sido exploradas ha séculos para producédo de mel
e cera, mas sua maior importancia esta, sem davida, relacionada a polinizacao de
espécies vegetais, onde colméias sao utilizadas para aumentar a produtividade de
lavouras. Na América do Norte, o valor estimado para essas lavouras atinge
bilhées de doblares (Levin, 1983). As abelhas da subtribo Meliponina (abelhas “sem
ferrao”) também possuem grande impacto econémico e ecolégico nas regides
neotropicais, ja que colméias de muitas espécies sdo usadas na melipocultura. No
entanto, o maior interesse no estudo dessas abelhas advém do fato de
constituirem importantes polinizadores de espécies vegetais nativas (Neff &
Simpson, 1993).

A ordem Hymenoptera também é considerada o grupo de insetos mais
importante no controle de pragas, ja que concentra a maioria das espécies de
insetos parasitbéides e muitas espécies de predadores (Hanson, 1995). Os
parasitoides, ao contrario dos parasitas, matam seus hospedeiros durante seu
desenvolvimento, e causam, portanto, grande impacto na populacdo destas
espécies. Assim, o interesse na conservagao e no desenvolvimento de técnicas

adequadas de manejo dos Hymenoptera vem crescendo a cada dia. O



conhecimento sobre a biologia e a evolugcao deste grupo é essencial para o estudo
de suas espécies e para o estabelecimento e planejamento de estratégias de
conservagao das mesmas.

A ordem Hymenoptera é dividida em duas subordens: Symphyta e Apocrita.
A subordem Symphyta € um grupo parafilético, ou seja, artificial, que redne os
Hymenoptera mais basais (Gauld & Bolton, 1988; Naumann, 1991; Smith, 1993),
sendo formada por quatro superfamilias: Megalodontoidea, Cephoidea, Siricoidea
e Orussoidea (Hanson & Gauld, 1995).

A subordem Apocrita é derivada de Symphyta e é considerada monofilética
(Gauld & Hanson, 1995). Esta subordem se subdivide em dois grupos: Parasitica e
Aculeata (Figs. 1 e 2). O grupo Aculeata é considerado o grupo mais derivado em
Hymenoptera, sendo caracterizado pela modificagdo do ovipositor das fémeas em
um ferrdo e € um grupo considerado monofilético (Brothers, 1975). Aculeata é
composto por trés superfamilias: Chrysidoidea, Vespoidea e Apoidea (Brothers,
1975; Gauld & Bolton, 1988; Goulet & Hubner, 1993). Parasitica reune todas as
demais espécies de Apocrita e € um grupo considerado parafilético em relagao a
Aculeata (Gauld & Hanson, 1995). As relacdes filogenéticas entre os principais
grupos de Parasitica sdo mais confusas do que as relacbes em Symphyta e
Aculeata. No entanto, existem algumas superfamilias com monofiletismo bem
estabelecido como Ichneumonoidea, Chalcidoidea, Platygastroidea, Cynipoidea e
Ceraphronoidea (Ronquist, 1999).

As espécies objeto desse estudo sao representantes de duas superfamilias:

Melittobia hawaiiensis e M. australica pertencem a familia Eulophidae,
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Chalcidoidea (Parasitica), enquanto Neochrysis lecointei pertence a familia

Chrysididae, superfamilia Chrysidoidea (Aculeata).

r==== Paroryssidae
L— Orussidae
I —— R N Karatavitidae
Fresassurssnnsnsen Ephialtitidae
_: Braconidae H Klineis
lchneumonidae ’ monoli-'dea
----- ====* Pragichneumonidae £

an
Megalyridae
Trigonalyidae
PITTTRFEREER Maimetshidae
Sﬂgmap.i?romdae Evanio-
_: Megaspllld.ae morpha
Ceraphronidae
presnsssanenae Praeaulacidae
Gasteruptiidae
r==== Cretevaniidae
Evaniidae
_E Ibaliidae
Cynipidae
Figitidae
----- Archaeocynipidae
Diapriidae
Monomachidae
Austroniidae
Roproniidae
Heloridae Proctotru-
[ - =-=== Mesoserphidae pomorpha
— Pelecinidae
e p idae
Chalcidoidea
Mymarommatidae
— + Jurapriidae
I ===« Serphitidae

_E Scelionidae
Platygastridae

Fig. 1 — Filogenia do grupo Parasitica segundo Rasnitsyn (1988). Retirado de Ronquist et al., 1999.

As linhas pontilhadas indicam grupos extintos.
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= Bethylonymidae
Bethylidae
e Embolemidae
Dryinidae Chrysid-
—— .. Sclerogibbidae e

Scolebythidae
Plumariidae

_: Pompilidae
Rhopalosomatidae
— Sphecidae

L— Apidae

_: Tiphiidae
Mutillidae Aculeata

Scoliidae sensu
stricto

Sapygidae
Bradynobaenidae

Sierolomorphidae

pussencs === Falsiformicidae
_: Formicidae
Vespidae

Fig. 2 — Filogenia dos Aculeata, segundo Rasnitsyn (1988). Retirado de Ronquist et al., 1999. As

linhas pontilhadas indicam grupos extintos.

1.2 - Melittobia (Parasitica: Chalcidoidea)

Rasnitsyn (1988) sugeriu que as espécies do grupo Parasitica fossem
divididas em trés outros subgrupos: Evaniomorpha, Proctotrupomorpha e
Ichneumonoidea. Ichneumonoidea foi sugerido como sendo o grupo irméo de
Aculeata, enquanto Evaniomorpha e Proctotrupomorpha juntos formariam os
Microhymenoptera. A proximidade entre Ichneumonoidea e Aculeata foi
sustentada por analises filogenéticas posteriores (Ronquist et al., 1999) e por
estudos com dados moleculares (Dowton & Austin, 1994). Por outro lado, o grupo

Microhymenoptera mostrou-se artificial (Ronquist et al., 1999). A superfamilia
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Chalcidoidea foi incluida em Proctotrupomorpha (Rasnitsyn, 1988), porém, a
relacdo com as demais superfamilias do grupo ainda nao esta bem estabelecida.
Por exemplo, a relacao entre Chalcidoidea, Platygastroidea e Mymarommatoidea
precisa ser mais bem estudada (Gibson et al., 1999; Gibson, 1999).

A superfamilia Chalcidoidea € a segunda maior entre os Hymenoptera,
composta por 21 familias (Boucek, 1988; Grissel & Schauff, 1990), com
aproximadamente 2.000 géneros e 19.000 espécies descritas, mas acredita-se
que esse numero pode chegar a mais de 100.000 espécies (Noyes, 1990). Muitos
Chalcidoidea podem apresentar coloracées verde ou azul metélico, mas também
sdo observadas espécies em tons de marrom e amarelo (Hanson & LaSalle,
1995). A superfamilia Chalcidoidea € um dos grupos com maior diversidade de
habitos alimentares, uma vez que as larvas de suas espécies podem variar desde
herbivoras até carnivoras (Hanson & LaSalle, 1995). Muitos Chalcidoidea sao
parasitéides e atacam espécies em 15 ordens de insetos e 2 ordens de Arachinida
(Hanson & LaSalle, 1995), sendo portanto importantes para o equilibrio biolégico e
usadas também no controle biolégico de pragas.

Eulophidae é a maior familia dentre os Chalcidoidea (LaSalle & Schauff,
1995) e possui 3.977 espécies descritas em 283 géneros (Noyes, 1998). Os
individuos desta familia tém comprimento variando entre 0,4 e 6,0 mm, mas
raramente excedendo 3,0 mm (LaSalle & Schauff, 1995). A maioria das espécies
desta familia sdo parasitéides de estagios imaturos de Lepidoptera, Coleoptera,
Diptera e Hymenoptera, sendo a terceira familia de Chalcidoidea mais importante

para o controle biologico de pragas (LaSalle & Schauff, 1995).
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Além da importancia no uso para controle biolégico, as espécies desta
familia tém sido usadas como modelos experimentais importantes no estudo de
uma série de questbes ecoldgicas e evolutivas, gracas a grande diversidade
biolégica dessas espécies e a riqueza de literatura disponivel para o grupo
(Godfray, 1994) o que permite embasamento tedrico para os experimentos. Ainda
assim, existem algumas questdes filogenéticas que nao estdo bem esclarecidas
nesta familia, como por exemplo, o monofiletismo das subfamilias Euderinae e
Entedoninae (Gauthier et al., 2000).

O género Melittobia pertence a familia Eulophidae, subfamilia
Tetrastichinae, sendo composto por 13 espécies, que sao ectoparasitdides de pré-
pupas de espécies de Aculeata, geralmente Trypoxylon e Sceliphron (Sphecidae)
(Gonzalez et al., 2004). Porém, em laboratério, eles também podem parasitar
larvas de Coleoptera e Diptera (Dahms, 1984). Os machos de Melittobia
correspondem a aproximadamente 3% da populagdo e possuem asas € olhos
atrofiados (Schmieder & Whiting, 1947). Os machos emergem primeiro que as
fémeas e, como nao se afastam muito do ninho, é freqlente haver acasalamento
entre irmaos e entre mae e filho (Schmieder & Whiting, 1947). Esse
comportamento reprodutivo torna as espécies do género Melittobia interessantes
modelos para estudos de ecologia, comportamento e biogeografia (Mathews,

1997, 2000).

1.3 - Neochrysis lecointei (Aculeata: Chrysidoidea)
O grupo Aculeata é constituido por espécies em que as fémeas possuem o

ovipositor modificado em ferrdo. Analises do ovipositor dessas espécies sugerem
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que o grupo Aculeata seja dividido em trés superfamilias: Apoidea, Vespoidea e
Chrysidoidea (Oeser, 1961), sendo Chrysidoidea considerado grupo irmao de
Aculeata sensu stricto (Apoidea + Vespoidea) (Brothers, 1975; Brothers &
Carpenter, 1993; Ronquist et al., 1999).

A superfamilia Apoidea € constituida pelas abelhas e pelas vespas
esfecdides que sao conhecidas pelos seus ninhos de barro facilmente
encontrados em casas e prédios. Ja a superfamilia Vespoidea é constituida pelas
formigas e pelas vespas sociais (marimbondos). No entanto, as espécies da
superfamilia Chrysidoidea sdo menos conhecidas e estudadas e nao possuem
nomes populares.

Os individuos da superfamilia Chrysidoidea normalmente apresentam
coloracdes verde e azul metalico, eles sdo parasitdides de outros insetos ou séo
cleptoparasitas de outros Aculeata (Gauld & Hanson, 1995). Os ovos de espécies
cleptoparasitas sdo depositados em ninhos de outras espécies e as larvas se
desenvolvem alimentando-se das provisdes deixadas pelos pais do hospedeiro e
também dos ovos deste (Hanson et al.,, 1995). Dessa forma, as espécies de
Chrysidoidea desempenham um importante papel no equilibrio ecolégico.

A superfamilia Chrysidoidea é composta por aproximadamente 4.000
espécies (Goulet & Hubner, 1993) que se distribuem em sete familias:
Chrysididae, Bethylidae, Dryinidae, Embolemidae, Plumariidae, Sclerogibbidae e
Scolebythidae. Apesar de nao restarem muitas duvidas quanto a Chrysidoidea ser
um grupo monofilético (Gauld & Hanson, 1995), a relagdo entre suas familias
ainda apresenta algumas divergéncias (Kdnigsmann, 1978; Rasnitsyn, 1980;

Carpenter, 1986). No entanto, a familia Chrysididae tém sido considerada grupo
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irmao de Bethylidae devido a modificacées no ferrdo das espécies dessas familias
(Oeser, 1961; Carpenter, 1986; Brothers & Carpenter, 1993; Brothers, 1999).

A familia Chrysididae, onde se encontra a espécie Neochrysis lecointei, é a
maior dentre os Chrysidoidea, com aproximadamente 3.000 espécies descritas,
distribuidas em 84 géneros (Kimsey & Bohart, 1991). O género Neochrysis é o
maior género da regiao neotropical e seus hospedeiros sdo normalmente vespas
esfecdides, sendo Sceliphron e Trypoxylon os mais comuns (Kimsey & Bohart,
1980). Normalmente, apenas um ovo de N. lecointei se desenvolve em cada célula
do ninho do hospedeiro, sendo que mais de uma célula pode estar parasitada em
cada ninho. Os parasitéides sao os primeiros a emergir do ninho hospedeiro e as
células parasitadas séo facilmente reconhecidas pelo formato caracteristico da

pupa de Neochrysis.

1.4 - Os Espermatozdides de Hymenoptera

Os espermatozéides da ordem Hymenoptera sdao geralmente finos e
alongados. Eles s&o divididos em duas regides distintas: cabeca e flagelo. A
cabeca é formada, na sua porcao anterior, pelo acrossomo (vesicula acrossémica
e perforatorium) e posterior ao acrossomo encontra-se o nucleo. O perforatorium é
uma estrutura cilindrica de comprimento variavel que é envolvida pela vesicula
acrossbmica e que se insere numa cavidade no apice do nucleo. Em alguns
grupos de Hymenoptera, encontra-se associada ao acrossomo e ao apice do
nucleo uma camada extracelular da qual irradiam inimeros filamentos. O nucleo é

alongado e geralmente apresenta cromatina condensada.
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O flagelo é constituido por um axonema, dois derivados mitocondriais, um
adjunto do centriolo e dois corpos acessoérios. O axonema geralmente segue o
padrdao 9+9+2, com nove tubulos acessérios externos, nove duplas e um par
central de microtibulos. Ele se estende por todo comprimento do flagelo e
geralmente é o ultimo elemento a se desorganizar. Os derivados mitocondriais sao
originados a partir da fusdo das mitocéndrias durante a espermatogénese. Em
secdes transversais, eles podem possuir a mesma area, ou um pode ser maior
que o outro. Os derivados se estendem ao longo do flagelo desorganizando-se um
pouco antes do axonema terminar. Os corpos acessérios sao estruturas
alongadas que se encontram presentes entre os derivados mitocondriais € o
axonema. Ja o adjunto do centriolo € observado na regidao de transicao entre o
nucleo e o flagelo. Ele pode se localizar anterior aos dois derivados mitocondriais
(simétrico), ou apenas de um derivado (assimétrico). Acredita-se que sua funcao
seja manter a uniao entre a cabeca e o flagelo do espermatozéide.

Embora seja possivel determinar uma estrutura geral para os
espermatozoides dos Hymenoptera, é importante observar que existe uma grande
diversidade morfolégica em torno desse padrao.

A diversidade morfoldgica entre espermatozéides de diferentes espécies
tém sido usada como fonte de caracteres para analises filogenéticas em diferentes
grupos animais, inclusive insetos (Baccetti, 1970; Jamieson, 1987; Jamieson et al.,
1995, 1999). Esses dados sao importantes porque podem se somar a dados
morfolégicos tradicionais e moleculares para auxiliar na resolucdo de questdes

filogenéticas mal esclarecidas.
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Em Hymenoptera tem havido um crescente numero de trabalhos
descrevendo a morfologia dos espermatozoides. No entanto, esses trabalhos
ainda nao abrangem todos os grupos da ordem. Os principais trabalhos existentes
envolvem a descricao dos espermatozoides de espécies em:

- subordem Symphyta (Quicke et al., 1992; Newman & Quicke, 1999a).
- subordem Apocrita (Parasitica), nas superfamilias:

- Chalcidoidea (Wilkes & Lee, 1965; Lino-Neto et al., 1999, 2000a; Lino-
Neto & Dolder, 2001a),

- Platygastroidea (Lino-Neto & Dolder, 2001b),

- Megalyroidea (Newman & Quicke, 2000),

- Cynipoidea (Newman & Quicke, 1999b) e

- Ichneumonoidea (Chauvin et al., 1988; Quicke, 1997).
- subordem Apoctrita (Aculeata) nas superfamilias:

- Apoidea (Peng et al., 1993; Lino-Neto et al., 2000b; Bao et al., 2004;
Zama et al., 2001, 2004, 2005a, b, 2007; Fiorillo et al., 2005),

- Vespoidea (Wheeler et al., 1990; Lino-Neto & Dolder, 2002; Mancini et al.,
2006; Moya et al., 2007) e

- Chrysidoidea (Oliveira, 2007).
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2 — Objetivo Geral

Esse trabalho teve como objetivo descrever a morfologia dos
espermatozoides de trés espécies da ordem Hymenoptera que apresentam
material extracelular associado ao seu apice, visando aumentar a abrangéncia

desses estudos dentro da ordem e contribuir para futuros estudos filogenéticos.

2.1 Objetivos especificos
a) Descrever a estrutura e ultra-estrutura dos espermatozéides de
Melittobia hawaiiensis e M. australica (Chalcidoidea).
b) Descrever a ultra-estrutura dos espermatozoéides de Neochrysis
lecointei (Chrysidoidea), com énfase nas estruturas extracelulares

associadas a cabeca dos espermatozéides.
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3 - Resultados

Os resultados obtidos nesse trabalho originaram dois manuscritos.

3.1 - O primeiro manuscrito, intitulado “Sperm structure and ultrastructure
of Melittobia hawaiiensis, Perkins and M. australica, Girault (Chalcidoidea:
Eulophidae)”, descreve a morfologia dos espermatozéides de duas espécies do
género Melittobia apresentando uma série de caracteres morfolégicos diferentes
em relagdo aos espermatozoides dos Chalcidoidea ja estudados. Este manuscrito

foi submetido para publicagdo no periédico cientifico “Tissue & Cell”.

3.2 - O segundo manuscrito, intitulado “Ultrastructure of Neochrysis
lecointei, Ducke spermatozoa (Chrysidoidea: Chrysididae), with phylogenetic
comments”, descreve a morfologia dos espermatozéides de Neochrysis lecointei,
apresentando caracteristicas até entdo nao observadas em espermatozdéides de
outros Hymenoptera ja estudados. Este manuscrito estd em fase final de
preparacao para submissao no perioddico cientifico “The Journal of Zoological

Systematics and Evolutionary Research”.
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Abstract

Spermatozoa morphology has, for some years, been used to help answer some
phylogenetic questions for Hymenoptera. This is the second study describing
spermatozoa morphology of an Eulophidae species in which many important
differences were observed. Melittobia spermatozoa measure approximately 270
um in length. They present spiraling structures and an extracellular layer, with
numerous radiating filaments coating the head apex. The acrosome is formed by
an acrosomal vesicle, which does not contain a perforatorium. The nucleus is
helicoidal and completely filled with compact chromatin. A centriolar adjunct is
observed at the nucleus-flagellum transition; it associates laterally with the nucleus
and presents two small expansions, which reach around the centriole. Two
mitochondrial derivatives are observed and present different areas in cross-
sections. In the derivative with the larger diameter, two distinct regions are
observed, a small one, near the axoneme, with a clear “fissure” inside, and a larger
region where the cristae are observed. Both derivatives initiate near the nucleus,
but the larger diameter derivative finishes first, before the flagellum extremity. At
the end of the axoneme, the accessory microtubules are the first to disorganize. No
accessory bodies are observed between the mitochondrial derivatives and the

flagellum.
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Introduction

The Hymenoptera, with more than 115.000 species described, is one of the
major insect orders of the world (Gaston, 1991). The superfamily Chalcidoidea is
the second more specious among the Hymenoptera, with approximately 21.250
species in 2.040 genera (Noyes, 1998). Moreover, the species of this superfamily
present great biological diversity, with larval feeding habits ranging from
phytophagous to carnivorous (Hanson & LaSalle, 1995)

Eulophidae is the major family among the Chalcidoidea, with approximately
4.000 species and 283 genera (Noyes, 1998). Many species are used in biological
control of coleopteran and lepidopteran pests (LaSalle & Schauff, 1995). Melittobia
males are eyeless and short winged, so that they present reduced locomotion
capacity and mate with their sisters, resulting in high endogamy rates. The
presence of reproductive strategies like this one makes some Eulophidae species
interesting models for biogeography studies (Mathews, 1997, 2000).

Besides the Chalcidoidea superfamily’s ecological and economic
importance, there are still many uncertainties about their phylogeny. An example of
this is the poorly established relationships among the Chalcidoidea,
Platygastroidea and Mymarommatoidea superfamilies (Gibson, 1999; Gibson et
al., 1999). Also inside the Eulophidae family, there are unresolved questions such
as the possible monophyly of some subfamilies, which is not clear (Gauthier et al.,
2000). Resolving these questions is essential to comprehending the phylogenetics
of Chalcidoidea and other Hymenoptera.

Spermatozoan morphology has been used to help answer some

phylogenetic questions in Hymenoptera (Quicke et al., 1992; Jamieson et al.,
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1999). However, the studies in this order do not include all representative groups in
the order. Among Chalcidoidea, there are few studies describing the spermatozoa
morphology (Wilkes & Lee, 1965; Quicke et al., 1992; Lino-Neto et al., 1999, 2000;
Lino-Neto & Dolder, 2001). In Eulophidae family, only the species Dahlbominus
fuscipennis has its spermatozoa morphology described by Wilkes & Lee (1965).

The aim of this study was to describe the spermatozoa morphology of
Melittobia hawaiiensis and M. australica with the intention of furnishing data that
could be used in future phylogenetic study.
Material and Methods

Adult males of Melittobia australica and M. hawaiiensis were collected from
trap nests of Sphecidae and bees species that were infested by these parasites.
Images of both species were used indiscriminately to illustrate their characteristics,
since they did not present different features.

Light Microscopy

Seminal vesicles were dissected and squashed on clean glass microscope
slides, followed by spreading, then fixed with 4% paraformaldehyde in 0.1 M
phosphate buffer, pH 7.2. After drying at room temperature, the slides were
observed with an Olympus BX41 photomicroscope equipped with a phase contrast
lens to allow measurement of the spermatozoa. For nuclei measurements, some
slides were stained for 15 minutes by 0.2 pg/ml of 4.6-diamino-2-phenilidole (DAPI)
and analysed with an epifluorescence Olympus BX60 microscope equipped with a
BP360-370 excitation filter. The images were analyzed using the Image Pro Plus

program.
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Transmission electron microscopy

Seminal vesicles were dissected in 0.1 M sodium cacodylate buffer, pH7.2
and fixed in a 2.5% glutaraldehyde and 0.2% picric acid solution with the same
buffer, for 24h at 4° C. The material was post-fixed in 1% osmium tetroxide solution
in the same buffer. The material was dehydrated using acetone and embedded in
Epon. Ultrathin sections were stained with 2% uranyl acetate in destilled water and
0.2% lead citrate in a 1N sodium hydroxide solution and observed with a

Transmission Electron Microscope, Zeiss Leo 906.

For basic protein detection, the ethanolic phosphotungstic acid method (E-
PTA) was applied. Seminal vesicles were fixed only in buffered glutaraldehyde
solution for 24h at 4° C. The material was dehydrated in an alcoholic series and

treated en bloc by a 2% PTA solution in absolute alcohol and embedded in Epon.

Results

The Melittobia australica and M. hawaiiensis spermatozoa are long and
slender, measuring approximately 270 um in length. No dimorphism was observed
in the spermatozoa studied. They are divided into two regions, head and flagellum
(Fig. 1). The head region consists of a nucleus and an acrosome. The nucleus
measures approximately 8.5 um in length and is helically twisted (Fig. 2), filled with
homogenous compacted chromatin and tapers gradually from base toward the
apex. Nuclear cross sections are round with a diameter varying from 340 to 30 nm
from the base toward the apex (Fig. 3). Above the nucleus, a short acrosome
measuring approximately 260 nm in length is observed. It has a median electron

density and no perforatorium was observed (Figs. 3 and 4).
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An extracellular structure coats the spermatozoa from the apex over a
length of 1.3 um. This structure consists in an amorphous layer with numerous
filaments irradiating from it (Fig. 4). At the nucleus-flagellum transition the centriolar
adjunct is inserted in a lateral depression at the nucleus base (Fig. 5). The
centriolar adjunct partially encircles the nucleus (Figs. 6 and 8) and presents two
small expansions reaching around the centriolar region (Fig. 7). The nucleus is E-
PTA negative, differently from the centriolar adjunct that is positive (Figs. 8 and 9).

The flagellum is made up of two mitochondrial derivatives and an axoneme.
No accessory bodies were identified between the mitochondrial derivatives and the
axoneme. The axoneme begins from the centriole at the nucleus base and follows
the 9+9+2 microtubules pattern, with the nine single accessory microtubules, nine
doublets and a central pair (Figs. 10-13). The centriolar region is E-PTA positive
(Fig. 9) and characterized by the absence of the central microtubules (Fig. 7). The
spiraling of the axoneme can be clearly identified in longitudinal sections (Figs. 15-
17). In cross sections not all tubules can be sectioned at perfectly right angles
(Figs. 12-14). At the axoneme’s final portion, the accessory microtubules are the
first to disorganize (Fig. 11).

Both mitochondrial derivatives begin close together below the nucleus (Figs.
5 and 9) and follow together, coiling around the axoneme, with a complete turn
every 2.2 um (Fig. 15). In cross sections they present different areas (Fig. 14). The
derivative with a larger area begins a little above the smaller one and is observed
in cross sections beside the centriole and the centriolar adjunct (Fig. 7). A

constriction can be found in the derivative with larger area appearing in a pear
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shape, in cross sections; this constriction originates two different portions, a
smaller one near the axoneme and a more distant larger one (Figs. 10 and 14).

At the portion near the axoneme, an electron lucid fissure with electron
dense material surrounding it can be found (Figs. 10 and 14). The layer around the
fissure is the only E-PTA positive feature of either derivative (Fig. 8). The cristae of
the larger derivative are seen in the portion that is more distant in relation of the
axoneme (Figs. 7 and 10). The mitochondrial derivative with the smaller area has
cristae, but does not present differentiated regions and is circular in cross section
(Figs. 10, 12 - 15).

The mitochondrial derivatives follow the spiral of the axoneme, as shown in
transverse sections where the smaller derivative is always found next to the ninth
and the larger one next to the eighth doublet (considering the first microtubule
doublet as that one exactly above the central pair of microtubules, following a
perpendicular plane) (Figs. 12 and 13).

In the final portion of the flagellum, the mitochondrial derivatives terminate at
different levels, with the smaller diameter derivative extending further than the
larger one (Figs. 11 and 13). The smaller diameter mitochondrial derivative still
continues spiraling together with the axoneme for a very long portion, making a full
turn every 2 um (Fig. 16). The axoneme is the last structure still present at the tip
of the flagellum (Fig. 11), and it extends alone for a long portion (Fig. 17).
Discussion

Similar to what was described in other Chalcidoidea (Lino-Neto et al., 1999,

2000; Lino-Neto & Dolder, 2001), with exception of the Eulophidae Dahlbominus
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fuscipenis (Wilkes & Lee, 1965), in Melittobia hawaiiensis and M. australica, no
spermatozoa dimorphism were observed.

Spermatozoa morphology of the two Melittobia species described in this
study is similar to most Chalcidoidea, with helicoidal structures, a pair of
mitochondrial derivatives, extracellular material associated at the spermatozoa
apex and a 9+9+2 axoneme pattern with accessory microtubules as the first to
disorganize at the flagellum tip (Lino-Neto et al., 1999, 2000; Lino-Neto & Dolder,
2001).

In M. australica and M. hawaiiensis spermatozoa, the acrosome is one of
the shortest described upto this moment in Hymenoptera. The absence of a
perforatorium, as observed in these two Melittobia, was reported also in other
Chalcidoidea  species, Trichogramma  pretiosum and T. dendrolimi
(Trichogrammatidae) (Lino-Neto et al., 2000; Lino-Neto & Dolder, 2001). However,
this structure was present in Bephratelloides pomorum (Eurytomidae) (Lino-Neto et
al., 1999) and T. atopovirilia (Trichogrammatidae) (Lino-Neto et al., 2000).

Comparing the mitochondrial derivatives morphology of Melittobia species
and what were described for other Chalcidoidea species (Wilkes & Lee, 1965;
Quicke et al., 1992; Lino-Neto et al., 1999, 2000; Lino-Neto & Dolder, 2001), many
important differences could be observed. The different shapes of mitochondrial
derivatives in cross sections, as observed in M. australica and M. hawaiiensis,
were never observed in Chalcidoidea superfamily before. Even in D. fuscipennis
that belongs to the same family of the genus Melittobia, the mitochondrial
derivatives are similar in shape (Wilkes & Lee, 1965). Mitochondrial derivatives

with different shapes in cross sections are common in other Hymenoptera groups
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such as Vespoidea (Mancini et al., 2006) and Apoidea (Zama et al., 2001, 2004,
2005; Bao et al., 2004). But in most of these cases, when the derivatives do not
finish together at the flagellum end, the derivative with the smaller area finishes
first (Zama et al., 2001, 2004, 2005), different from M. australica, M. hawaiiensis
and some Vespidae (Mancini, personal comunication) in which the larger
derivatives finish first.

Two distinct portions in the larger derivative, one near the axoneme with an
electron lucid “fissure” and another more distant, were never observed in any other
Chalcidoidea before (Wilkes & Lee, 1965; Quicke et al., 1992; Lino-Neto et al.,
1999, 2000; Lino-Neto & Dolder, 2001). The E-PTA response of the region around
the “fissure” indicates a specialization of this part, with a different protein
composition.

The derivatives morphology observed in M. hawaiiensis and M. australica is
also different from that observed for Platygastroidea, in which the spermatozoa
present only one mitochondrial derivative that twists around the spermatozoan
structures, along their entire length (Lino-Neto & Dolder, 2000).

Centriolar adjunct morphology in these two Melittobia species is similar to
that observed in other Chalcidoidea, as T. pretiosum, T. atopovirilia and T.
dendrolimi (Lino-Neto & Dolder, 2001; Lino-Neto et al, 2000). However, the
Chalcidoidea B. pomorum presents a different centriolar adjunct, which twists
around the nucleus (Lino-Neto et al., 1999). The centriolar adjunct is E-PTA
positive in Melittobia and E-PTA negative in T. pretiosum, T. atopovirilia and B.

pomorum (Lino-Neto et al, 1999, 2000). This indicates a different protein
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composition for these structures, with more basic proteins in the M. australica and
M. hawaiiensis centriolar adjunct.

The centriole E-PTA positive response can be explained by the prevailing
protein composition of this structure responsible for axoneme organization.

The terminal sequence of the axonemal microtubules in Melittobia species
studied here is the same observed in all Chalcidoidea studied up to the moment,
with the nine accessory microtubules finishing first (Lino-Neto et al., 1999, 2000;
Lino-Neto & Dolder, 2001), whereas in most of the Aculeata, these microtubules
are the last to be disorganized (Zama et al., 2005; Fiorillo et al., 2005; Mancini et
al., 2006).

Melittobia spermatozoa do not have accessory bodies, or they are so
reduced that they could not be distinguished, as seems to occur in most
Chalcidoidea, with B. pomorum being the only exception described so far (Lino-
Neto et al., 1999).

Spermatozoa morphology of Melittobia australica and M. hawaiiensis
present many similarities with those described for other Chalcidoidea: a) spiraling
structures; b) apical associated extracellular material forming a cap; c) a pair of
mitochondrial derivatives; d) axonemal microtubules terminal sequence. These
characteristics probably suggest the monophily of this group. However, there are
many variable characteristics among Chalcidoidea families, such as the presence
or absence of a perforatorium, and the centriolar adjunct E-PTA response. Other
characteristics vary even in Eulophidae family: a) different or similar areas for the

mitochondrial derivatives; b) presence of specialized structures (such as the

30



electron lucid “fissure”) in the derivatives; ¢) mitochondrial derivatives finishing at
different levels; d) spermatozoa dimorphism.

Despite the similarities and differences observed, further research, including
more unstudied families must be carried out for Hymenoptera, in order to enable

correct analysis in future phylogenetic studies.
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Figs. 1-17) Light (1,2) and electron (3-17) microscopy images of spermatozoa of
the two Melittobia species. 1) Phase contrast of the spermatozoa, (h) head and (t)
tail. 2) Fluorescent micrograph of the spiraling nucleus stained with DAPI. 3) Cross
sections of the head in different levels, (n) nucleus, (a) acrosome, (s) extracellular
layer. 4) Longitudinal section of the head apex. Notice filaments radiating from the
extracellular cap. 5) Longitudinal section of the transition from head to flagellum
where (ca) is the centriolar adjunct, (ax) axoneme, (M) the larger mitochondrial
derivative. 6-7) Cross sections of the transition region between head and flagellum.
8) Transverse sections at the base of the nucleus and beginning of the flagellum,
stained with E-PTA. (m) smaller mitochondrial derivative, (arrow) layer around the
fissure of the larger derivative. 9) Longitudinal section of the transition region
between the head and the flagellum stained with E-PTA, (c) centriolar region.
10,11) Transverse sections of the flagellum at different levels. Notice in (11) final
portions of the flagellum with only the smaller derivative (m), followed by the
axoneme alone, below the derivatives (open arrow), and finally the terminal portion
with the microtubules beginning to disorganize (dark arrow). 12,13) Cross sections
of the flagellum with the doublets numbered, and the smaller mitochondrial
derivative, which is longer than the larger one (already ended). 14) Transverse
section of the flagellum showing details of the derivatives, including the clear
fissure in the larger derivative (arrow). 15-17) Longitudinal sections of the flagella
with two mitochondrial derivatives (15), with only the smaller one (16) and without
either derivative (17). Scale bars: 1)= 15um; 2)= 4um; 3, 6, 7, 8, 12, 13) = 0.1 um;
4,11, 15)= 0.3um; 5, 10, 16)= 0.4um; 9)= 0.2um; 14)= 0.15um; 17)= 0.8um.
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Abstract
The superfamily Chrysidoidea is considered the most basal in Aculeata

(Hymenoptera), so that knowledge of this group’s phylogeny is important for
studies of the Hymenoptera order. The aim of this study is to describe the
morphology of Neochrysis lecointei spermatozoa, making comparisons with the
existing morphological data with the intention of providing ultrastructural characters
that may be useful for future phylogenetic studies. The acrosome and the greater
part of the spermatozoa nuclei are coated by two extra cellular structures in N.
lecointei. The outer structure is a homogeneous fibrillar coat that extends between
600 and 860 nm beyond the inner structure. A loose fibrillar material fills the space
left between the two structures. This material is sometimes arranged in electron
dense bodies. The inner structure is composed by components of variable electron
density, which are organized around the spermatozoa. Near the flagellum, the
inner structure ends 1 pm before the outer coat, which, in turn, finishes 1 pm
before the flagellum begins. The acrosome is formed by an acrosomal vesicle and
a perforatorium that fits its base in a 0.13 um deep cavity in the nuclear tip. The
nuclei are elliptical in cross section and filled by a poorly condensed chromatin.
The flagellum is formed by an axoneme with a 9+9+2 microtubule arrangement,
two mitochondrial derivatives, one longer than the other, and an asymmetric

centriolar adjunct.
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Introduction

Hymenoptera is one of the largest insect orders, with more than 115.000
described species (Gaston, 1991). It is divided into Symphyta and Apocrita
suborders (LaSalle & Gauld, 1992). The Apocrita contain the majority of the
species and they can be divided into Parasitica and Aculeata. The Aculeata are
characterized by the presence of a sting in females, developed from modifications

of the ovipositor.

The Aculeata are divided in three superfamilies: Chrysidoidea, Vespoidea
and Apoidea. Chrysidoidea is a relatively small group, with approximately 4.000
species distributed in seven families around the world (Goulet & Hubner, 1993). As
Chrysidoidea include several parasitoid species, this group have an important
ecological role, sometimes being used in biological pest control. Chrysididae is the
largest and most thoroughly studied family in Chrysidoidea, with 3.000 species
described (Kimsey & Bohart, 1991). Their body color vary from brown or black, to
metallic green or blue (O’'Neil, 2001).

There are not many uncertainties about Chrysidoidea monophily (Gauld &
Hanson, 1995), but the relationships between the families present some
divergence (Kénigsmann, 1978; Rasnitsyn, 1980; Carpenter, 1986). As a basal
group in Aculeata, the correct interpretation of Chrysidoidea phylogeny is essential
for the phylogeny of the entire group.

Spermatozoa morphology has proved useful in resolving phylogenetic
questions in Hymenoptera (Quicke et al., 1992). Although, the ultrastructural data

available does not include all representative taxa, since the majority of studies are
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concentrated in Apoidea (Lino-Neto et al., 2000; Zama et al., 2001, 2004, 2005a,
2005b, 2005¢, 2007; Zama, 2003; Bao et al, 2004; Araujo et al., 2005; Badke et al.,
2005; Fiorillo et al., 2005) and Vespoidea (Wheeler et al., 1990; Lino-Neto &
Dolder, 2002; Mancini et al, 2006). Only one species of the Chrysidoidea
superfamily has its spermatozoan morphology described (Oliveira, 2007). The
Chrysidoidea species studied, Prorops nasuta, belongs to the Bethylidae family,
considered a sister-group of Chrysididae (Carpenter, 1986; Brothers, 1998).

The aim of this work is to describe the Neochrysis lecointei (Chrysididae)
sperm morphology and contribute with additional data, which may be useful to

clarify the systematics of the order Hymenoptera as a whole.

Material and Methods

The adult males used in this study were parasites of Trypoxylon wasps
(Crabronidae) and were obtained from trap nests maintained in the Central Apiary
of the Federal University of Vicosa, state of Minas Gerais, and in the Santa
Genebra Forest, Campinas, state of Sao Paulo/ Brazil. The reproductive systems
were fixed in a solution containing 2.5% glutaraldehyde, 0.2% picric acid and 3%
sucrose in 0.1M sodium cacodylate buffer, pH 7.2. The material was post-fixed in
1% osmium tetroxide, dehydrated in acetone and included in Epon. Ultrathin
sections were stained with uranyl acetate and lead citrate and observed with a

Zeiss Leo, Transmission Electron Microscope.

39



Results

The spermatozoa of Neochrysis lecointei are long and slender; they are
divided into head and flagellum. The head is formed by the acrosome and the
nucleus and is almost integrally coated by two complex and morphologically
distinct extracellular structures. One of these structures is external and consists in
a fibrillar material that forms a coat of uniform electron density (“e” Figs. 1, 2, 7 and
8). The inner structure seems to be made up of subunits of variable electron
density that are organized around the spermatozoon plasmic membrane (“i” Figs.
1, 2, 7 and 8). Both structures are observed extending from above the acrosome to
near the flagellum.

The outer coat extends beyond the inner structure for a length varying
between approximately 600 and 860 nm and the space formed between them is
full of a loose fibrillar material that originates from the external layer. Sometimes,
this fibrillar material is arranged forming electron dense bodies observed close to
the cap (Figs. 1 and 2). Thin filaments are observed projecting also from the
outside surface of the coat (Figs. 1-3).

The inner structure extends approximately 300 nm beyond the acrosome
and it tapers a little in the apical portion (Figs. 1 and 2). In cross sections of this
portion, loose fibrillar material is still observed between the two structures, while
the electron dense fibrillar aggregates are no longer found (Fig. 4). In longitudinal
sections, the components of the inner structure are aligned (Figs. 1 and 7) and in
cross sections they seem to be organized concentrically around the spermatozoa

plasmic membrane (Figs. 5, 6 and 9). The inner structure was always observed
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coated by the external coat and tightly associated to the spermatozoon plasmic
membrane (Figs. 1-9).

Near the flagellum, the inner structure finishes approximately 1 um before
the outer coat (Fig. 8). Cross sections of this region show only the nucleus and the
outer coat, while the space between them is filled with the loose fibrillar material
(Fig. 10). The outer cap finishes 1 um above the flagellum. At this level the cap is
disorganizing and its fibrillar nature is clearly observed (Fig. 11). It is also possible
to observe the nucleus alone, with no associated structure (Fig. 11).

The acrosome is completely coated by the extracellular structures and is
formed by an acrosomal vesicle of median electron density and an electron dense
perforatorium, with a clear space between them (Figs. 1, 6 and 7). In cross
sections, the acrosome is circular in the apical region (Fig. 5) and is elliptical at the
base (Fig. 6). The perforatorium fits into a small cavity, approximately 0.1 um deep,
in the upper nucleus tip (Fig. 7). The spermatozoon nucleus is homogenously filled
with poorly condensed chromatin and is elliptical in cross sections, with
approximately 400 x 260 nm at its large and small axes, respectively (Figs. 9-11).
Below the extracellular structures, the plasma membrane surrounding the nucleus
region seems to be externally associated with an amorphous material similar to a
glycocalix (Fig. 11).

The flagellum begins just below the nucleus and consists in an axoneme, a
centriolar adjunct, two mitochondrial derivatives (a large and a smaller one) and
two accessory bodies. At the flagellum apex, the centriolar adjunct and the large
mitochondrial derivative are observed parallel to the axoneme (Figs. 12 and 13).

The axoneme follows the 9+9+2 pattern with the nine external single accessory
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microtubules, nine doublets and a central pair (Fig. 14). The initial portion of the
axoneme, the centriole, is characterized by the absence of the central pair (Fig.
12). Bellow the centriole, where the central pair of tubules can be seen in the
axoneme, the large mitochondrial derivative is approximately 140 nm in diameter
(Fig. 14).

The centriolar adjunct is formed by a homogeneous electron dense material
and is approximately triangular in cross section (Fig. 14). It is situated between the
nucleus and the small mitochondrial derivative (Figs. 12, 13 and 15), and is called
asymmetric because of this location. Below the centriolar adjunct both
mitochondrial derivatives are observed and have different diameters (not shown).
The mitochondrial derivatives present a differentiated region near the axoneme,
but no paracrystalline structure was observed. They are circular in cross sections
and can be observed along the entire derivatives (Figs. 14 and 16). At the terminal
region of the flagellum, the derivatives gradually taper and terminate
simultaneously (Fig. 16). An accessory body is observed between each
mitochondrial derivative and the axoneme, they are long structures with a linear
shape in cross sections (Figs. 14 and 16). At the end of the flagellum, the axoneme
is the last structure to disorganize with the accessory microtubules disappearing
last (inset, Fig. 16).

Discussion

Neochrysis lecointei spermatozoa general morphology is similar to the
majority of the descriptions for Hymenoptera, not presenting spiraling structures as
in Chalcidoidea and Platygastroidea (Lino-Neto et al., 1999, 2000, Lino-Neto &

Dolder, 2001a, 2001b).
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An acrosome formed by a perforatorium and an acrosomal vesicle is a
characteristic observed in almost all Hymenoptera studied up to the moment. The
exceptions are some Chalcidoidea, Trichogramma dendrolimi (Lino-Neto & Dolder,
2001b), T. pretiosum (Lino-Neto et al., 2000), where no perforatorium was
observed, and the Platygastroidea, Telenomus podisi, which does not present an
acrosome (Lino-Neto & Dolder, 2000).

Cross sections of the acrosome changing the shape from round to elliptical
(sections from top to base), as observed in N. lecointei, are also observed in:
Solenopsis invicta, Formicidae (Lino-Neto & Dolder, 2002); Sceliphron fistularium,
Sphecidae (Zama et al., 2005a) and in Euglossini bees (Zama et al., 2005b). In
Prorops nasuta, Chrysidoidea (Oliveira, 2007) and Agelaia vicina, Vespidae
(Mancini et al., 2006) only elliptical sections were described. But in the Meliponini
bees, Apidae (Zama et al., 2001, 2004) and the Pseudomyrmex genus, Formicidae
(Moya et al., 2007), the acrosome changes from circular to triangular. In all these
cases an electron lucid space is observed between the perforatorium and the
acrosomal vesicle.

The nucleus with poorly condensed chromatin as observed in this study is
uncommon in Hymenoptera, but it was also observed in Dialictus spp., Halictidae
(Fiorillo et al., 2005) and in the stingless bees Melipona marginata and M.
rufiventris (Zama et al., 2004). Species with isolated clear areas in the
spermatozoon nucleus are more frequently observed, as in P. nasuta, (Oliveira,
2007), S. invicta, (Lino-Neto & Dolder, 2002) and Bephratelloides pomorum, (Lino-
Neto et al., 1999). Some ant species of Pseudomyrmex genera present variable

chromatin condensation patterns, even in the same species (Moya et al., 2007).
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A centriolar adjunct occurring in the nucleus flagellum transition is a
common characteristic among Hymenoptera. As N. lecointei, the Aculeata species
generally present an asymmetric centriolar adjunct. Only the ants seem to have a
symmetric pattern, with both the mitochondrial derivatives located just below the
centriolar adjunct (Wheeler, et al., 1990; Lino-Neto & Dolder, 2002; Moya et al.,
2007).

Mitochondrial derivatives with the same cross section area and without
organized paracrystalline regions, as observed in N. lecointei, is a common
characteristic in most Chalcidoidea (Lino-Neto et al.,, 1999, 2000; Lino-Neto &
Dolder, 2001b). Although in Chalcidoidea, the mitochondrial derivatives spiral
around the axoneme and both derivatives begin very close the nucleus. These
characteristics are not common to most of the Aculeata (Zama et al., 2001, 2004,
2005a, 2005b; Lino-Neto & Dolder, 2002; Mancini et al., 2006). In the Chrysidoidea
P. nasuta (Bethylidae), paracrystalline organized regions were observed in both
derivatives (Oliveira, 2007), different from N. lecointei (Chrysididae) where no
region with a crystalline organization was observed in either derivative.

The presence of accessory bodies between the mitochondrial derivatives
and the axoneme is a common characteristic among the Aculeata. However, this is
not a rule for all Chalcidoidea (Lino-Neto et al., 2000; Lino-Neto & Dolder, 2001b)
and the Platygastroidea (Lino-Neto & Dolder, 2001a).

The nine accessory microtubules are the last elements to be disorganized at
the flagellum end, as is frequently observed in Aculeata, differing from
Chalcidoidea parasitic wasps (Lino-Neto et al,, 1999, 2000; Lino-Neto & Dolder,

2001b), where these microtubules are the first to disorganize.
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The anterior portion of spermatozoa coated by extracellular material is also
observed in parasitic wasps from Chalcidoidea (Lino-Neto et al., 1999, 2000; Lino-
Neto & Dolder, 2001b), Ichneumonoidea (Quicke, 1997) and Cynipoidea (Newman
& Quicke, 1999) parasitic superfamilies. However, the extracellular material
observed in these species forms only one layer and in Chalcidoidea, many long,
thick filaments radiate from this layer. In N. lecointei, the flaments are thinner and
extend also into the inner space between the external coat and the internal
structure. No extracellular structure was observed in P. nasuta that belongs to a
closely related family to Chrysididae (Oliveira, 2007) or in other Aculeata
spermatozoa (Zama et al., 2001, 2004, 2005a, 2005b; Lino-Neto & Dolder, 2002;
Mancini et al., 2006). So, considering the basal position of Chrysidoidea among
Aculeata, there are at least two hypothesis: the extracellular material coating the
spermatozoa apex is a plesiomorphic characteristic maintained in Chrysidoidea
superfamily, but that was lost in Bethylidae (P. nasuta), or else this characteristic
was lost in all of the Aculeata group, reappearing only in the Chrysididae family. To
answer this question, more species, from other Chrysidoidea families must be
studied. However, considering the greater complexity observed in N. lecointei
spermatozoa structures and the absence of this structures in P. nasuta, it is more

plausible that the characteristic appeared secondarily only in Chrysididae family.
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Figs. 1-6: 1, 2) Longitudinal sections of the spermatozoon apex, showing an
acrosomic vesicle (a), the perforatorium (p), the internal extracellular structure (i),
the external coat (e), the fibrillar material (f) in the space between the two
structures and some electron dense fibrillar aggregates (arrow); 3) Cross-section of
the spermatozoon apex with only the external coat (e) with external filaments (open
arrows),internal loose fibrillar material and dense aggregates (arrows) of this
fibrillar material; 4) Cross section of the beginning of the inner layer of extracellular
material, above the acrosome; 5-6) Cross sections of the acrosome, circular at the
apex (5) and oval further down (6). Observe the plasma membrane (m). Broken
lines in (1) indicate the cross-section levels. All bars are in um.

Figs. 7-11: 7) Longitudinal section of the insertion region of the perforatorium (p)
into the nucleus (n): observe the acrosomic vesicle (a), the external coat (e) and
the internal extracellular structure (i): 8) Longitudinal section of the basal portion of
the nucleus, showing the region of disorganization of the extracellular structures. 9-
11) Cross sections of the nucleus at different levels, showing the gradual
disorganization of the external structures. Notice the fibrillar material between the
external coat and the nucleus (10, “f”), the disorganization of the external coat (11,
“e”) showing its fibrillar nature and the nucleus associated glycocalix (11, double
arrows). Broken lines indicate the cross-section levels. All bars are in pm.

Figs. 12-16: 12-13) Longitudinal sections of the transition zone of nucleus (n) and
flagellum with the centriolar adjunct (ca), the larger mitochondrial derivative (D) and
the centriolar region (c). 14) Cross section of the initial portion of the flagellum.
Notice the plasma membrane (m), the accessory body (arrow), the central pair of
microtubules (small arrow) and the differentiated region of the mitochondrial
derivative (*). 15) Longitudinal section of the transition region between the
centriolar adjunct and the smaller mitochondrial derivative (d). 16) Cross section of
the flagellum. Notice the derivatives’ reduction near the flagellum tip; (inset ) nine
accessory microtubules in the final portion of the flagellum. All bars are in pm.
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4 - Discussao

Considerando os resultados apresentados nos trabalhos acima, sao
necessarias algumas consideracbes em relagdo a ultra-estrutura dos
espermatozoides em Hymenoptera e suas relagdes filogenéticas. Como as
espécies estudadas nesse trabalho pertencem a subordem Apocrita, vamos
centrar a discuss@o nesse grupo.

As vespas parasiticas do grupo Proctotrupomorpha que tiveram a
morfologia dos seus espermatozoéides descrita até o momento, pertencem a trés
superfamilias, Cynipoidea (Newman & Quicke, 1999b), Platygastroidea (Lino-Neto
& Dolder, 2001b) e Chalcidoidea (Wilkes & Lee, 1965; Lino-Neto & Dolder, 2001a;
Lino-Neto et al., 1999, 2000a), incluindo Melittobia hawaiiensis e M. australica
(artigo | dessa tese). Em todos esses trabalhos foram descritos espermatozdides
com ao menos algumas estruturas espiraladas. As vespas parasiticas do grupo
Evaniomorpha (Newman & Quicke, 2000) e da superfamilia Icheumonoidea
(Quicke, 1997) nao apresentaram estruturas espiraladas nos seus
espermatozdides. No grupo Aculeata, as Unicas espécies estudadas até o
momento que apresentam alguma estrutura espiralada pertencem ao género
Microstigmus (Apoidea: Pemphredoninae) (Zama et al., 2007).

No entanto, as estruturas espiraladas observadas nesses trabalhos séo
diferentes entre si. Em Chalcidoidea e Platygastroidea todas as organelas do
espermatozdide seguem uma espiral. Em Cynipoidea, apenas o nucleo apresenta
uma projecao lateral que segue em espiral ao longo do comprimento do nucleo.
Em Pemphredoninae, apenas o apice do nucleo possui dois prolongamentos que

se enrolam em torno do acrossomo também espiralado.
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Observamos entdao, que as estruturas espiraladas encontradas nos
espermatozoides de Apocrita sdo bastante diversas e que essas caracteristicas
sdo observadas em grupos algumas vezes distantes uns dos outros. Dessa forma,
acreditamos que a presenca de estruturas espiraladas nos espermatozoides de
Apocrita podem ter surgido mais de uma vez na histéria evolutiva do grupo.

Outra caracteristica, que parece conter significado filogenético em
Hymenoptera, € a presenca de material extracelular associado ao apice dos
espermatozoides. Essa caracteristica, descrita também em M. hawaiiensis e M.
australica (artigo | dessa tese), tem sido amplamente relatada em vespas
parasiticas pertencentes a Proctotrupomorpha (Newman & Quicke, 1999b; Lino-
Neto & Dolder, 2001a; Lino-Neto et al.,, 1999, 2000a) exceto nas espécies da
superfamilia Platygastroidea (Lino-Neto & Dolder, 2001b). Na superfamilia
Ichneumonoidea, considerada grupo irmao de Aculeata, os espermatozéides
também sao observados associados a uma estrutura extracelular de organizacao
complexa (Quicke, 1997). No grupo Aculeata até o momento, a Unica espécie em
que os espermatozoides sao associados a estruturas extracelulares, € Neochrysis
lecointei (Chrysididae) (artigo |l dessa tese). No entanto, nenhuma estrutura
extracelular foi observada em Prorops nasuta (Oliveira, 2007), que pertence a
familia Bethylidae, considerada grupo irmao de Chrysididae.

Assim, acreditamos que a presenca de material extracelular associado ao
apice dos espermatozdides € uma caracteristica comum aos Proctotrupomorpha,
mas que foi perdida pelos representantes da superfamilia Platygastroidea. Porém,
como os espermatozoides em Platygastroidea diferem em outros aspectos do

observado nas demais vespas parasiticas, € possivel que os espermatozoides
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dessa superfamilia tenham passado por um longo processo de diferenciacao, que
resultou inclusive na perda do material extracelular associado ao apice.

Como a presenga de material extracelular ndo € uma caracteristica
presente em nenhum outro grupo de Aculeata ou em Evaniomorpha (vespa
parasiticas), acreditamos que essa caracteristica surgiu independentemente em
Ichneumonoidea e Chrysididae. No entanto, é preciso que mais espécies,
principalmente de Evaniomorpha, Ichneumonoidea e Chrysidoidea sejam
estudadas para que essas suposicoes sejam confirmadas. Outro aspecto que
merece mais estudos é a origem de tais estruturas durante a espermatogénese. A
determinacao do momento em que essas estruturas sdo formadas e quais as
células responsaveis pela sua sintese pode ajudar a esclarecer se essas
estruturas possuem uma origem filogenética comum.

A ordem em que os elementos do axonema se desorganizam no final do
flagelo, também parece conter significado filogenético. Em todas as espécies da
superfamilia Chalcidoidea estudadas até o momento (Lino-Neto & Dolder, 20013a;
Lino-Neto et al., 1999, 2000a), inclusive em M. hawaiiensis e M. australica (artigo |
dessa tese), os microtubulos acessérios sdo os primeiros a se desorganizarem. Ao
contrario do observado nas espécies de Aculeata (Wheeler et al., 1990; Zama et
al., 2004, 2005a, b; Fiorillo et al., 2005; Oliveira, 2007), inclusive N. lecointei (artigo
Il dessa tese), em que os microtubulos acessérios sdo os ultimos elementos do
flagelo a se desorganizarem.

Porém, mais estudos sdo necessarios para se saber, se a caracteristica
observada em Chalcidoidea é exclusiva desta superfamilia ou se é compartilhada

por outras vespas parasiticas, ja que os trabalhos com outras superfamilias nao
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mencionam essa informacdo. Entretanto, no grupo Aculeata os registros sao
suficientemente abrangentes para se concluir que os microtiubulos acessérios se
desorganizando por ultimo é uma caracteristica amplamente compartilhada no
grupo.

As caracteristicas tratadas até o momento (espermatozéides espiralados,
material extracelular nos espermatozéides e ordem de desorganizacdo do
axonema) parecem fornecer informacdes filogenéticas importantes para a
comparacao entre os grandes grupos de Apocrita, por exemplo, entre as
superfamilias. Porém, outras caracteristicas dos espermatozoides sdo menos
constantes e podem fornecer informacdes importantes sobre a relagdo entre as
familias da subordem Apocrita.

O primeiro exemplo de estrutura, que apresenta grande variedade
morfoldgica entre familias de Apocrita relativamente proximas, é o adjunto do
centriolo. Nos espermatozéides de N. lecointei (Chysididae) (artigo Il dessa tese) o
adjunto do centriolo é observado abaixo do nucleo, sem haver sobreposicao
dessas estruturas. No entanto, em P. nasuta (Oliveira, 2007), que pertence a
familia Bethylidae (considerada grupo irmao de Chrysididae), o adjunto do
centriolo possui uma projecao lateral ao nucleo. Na superfamilia Chalcidoidea, as
familias Trichogrammatidae (Lino-Neto et al., 2000a; Lino-Neto & Dolder, 2001a) e
Eulophidae (descrito para M. hawaiiensis e M. australica nesse trabalho), possuem
o adjunto do centriolo semelhante, localizado na lateral do nucleo e envolvendo
parte do centriolo. No entanto, em Bephratelloides pomorum (Lino-Neto et al.,
1999), que pertence a familia Eurytomidae, o adjunto do centriolo segue uma

espiral envolvendo a base do nucleo. Diferencas na morfologia do adjunto do
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centriolo também sdo observadas entre familias de Vespoidea. Nos
espermatozoides dos individuos da familia Formicidae (Wheeler et al., 1990; Lino-
Neto & Dolder, 2002; Moya et al., 2007) o adjunto do centriolo situa-se anterior
aos dois derivados mitocondriais. Nos espermatozéides de Vespidae (Mancini et
al., 2006), ele é observado acima do derivado mitocondrial menor, paralelo ao
derivado maior.

Contudo, outros grupos parecem apresentar a morfologia do adjunto do
centriolo constante entre as espécies de diferentes familias. Um exemplo é a
superfamilia Apoidea, em que todas as espécies das familias Apidae, Halictidae e
Sphecidae s. stricto, estudadas até o momento possuem a mesma morfologia do
adjunto do centriolo (Lino-Neto et al., 2000b; Zama et al., 2001, 2004, 2005b; Bao
et al., 2004; Fiorillo et al., 2005).

Outra caracteristica que parece variar muito, mesmo entre grupos
relativamente proximos, é a morfologia dos derivados mitocondriais. Por exemplo,
nos espermatozoéides de M. hawaiiensis e M. australica (artigo | dessa tese), os
derivados mitocondriais quando analisados em secbes transversais possuem
areas diferentes, sendo que no derivado com maior didmetro foram observadas
regides diferenciadas. Nos espermatozéides de Dahlbominus fuscipennis (Wilkes
& Lee, 1965), que pertence a mesma familia que Melittobia (Eulophidae), os
derivados sao idénticos em seg¢des transversais e nenhuma regiao diferenciada foi
observada. Outro exemplo de diversidade morfolégica dos derivados mitocondriais
€ quando comparamos 0s espermatozoéides de P. nasuta (Bethylidae) (Oliveira,
2007), com o descrito para N. lecointei (Chrysididae) (artigo Il dessa tese). Em P.

nasuta foi observado material paracristalino organizado no interior dos dois
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derivados e o derivado mitocondrial mais longo foi observado associado
lateralmente a por¢ao basal do nucleo. J& em N. lecointei, o derivado mitocondrial
maior é observado apenas abaixo do nucleo e contendo uma regido diferenciada
onde nao foi identificado material com arranjo paracristalino.

Gostariamos entdo de reforgar o conceito de que a diversidade morfolégica
observada nos espermatozéides em Hymenoptera é capaz de fornecer uma base
de dados uteis em estudos filogenéticos. Acreditamos que esses dados
associados a dados morfolégicos tradicionais e aos de estudos moleculares
podem ajudar a responder algumas das questbes ainda ndo esclarecidas na
filogenia dos Hymenoptera. Entretanto, para que os dados provenientes da
morfologia dos espermatozoides possam ser corretamente interpretados em
estudos filogenéticos, € preciso que representantes de familias ainda nao
estudadas tenham a morfologia dos seus espermatozdides descrita, aumentando

a abrangéncia desses estudos.
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5 - Conclusoes

A morfologia dos espermatozoéides de Hymenoptera se mostra capaz de
fornecer dados Uteis para analises filogenéticas. Algumas caracteristicas como: a)
presenca de estruturas espiraladas nos espermatozéides, b) presenca de material
extracelular associado a cabeca dos espermatozdides e ¢) a ordem em que 0s
microtubulos do flagelo se desorganizam no final do flagelo, parecem capazes de
fornecer informacdes sobre as relacdes entre os grandes grupos de Hymenoptera.

Por outro lado, caracteristicas tais como: a) morfologia do adjunto do
centriolo e b) a morfologia dos derivados mitocondriais, poderao fornecer
informagdes Uteis na comparacao entre taxa inferiores em Hymenoptera. Porém,
gostariamos de reforcar que esses dados sé poderdo ser submetidos a uma
analise filogenética mais criteriosa a partir do momento em que se aumente a

abrangéncia das espécies estudadas.
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