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Ultrastructural analysis of sperm from the genus Idarnes (Hymenoptera: Chalcidoidea, Sycophaginae)
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Abstract: In this study, the sperm ultrastructure of three species of Idarnes genus was investigated using light and transmission electron microscopy. Spermatozoon morphology of the three species was similar to that of most Chalcidoidea, with helicoidally twisted nucleus and flagellum. The head region consists of an acrosome and a nucleus; the nucleus-flagellum transition region characterized by the presence of mitochondrial derivatives and the centriolar adjunct; a flagellum region, which includes the axoneme with microtubular arrangement 9 + 9 + 2 and two mitochondrial derivatives. However, the sperm of these three species exhibit features that discriminate one species from each other: (1) only one species, Idarnes sp. 2 (carme group) exhibited an extracellular sheath surrounding the anterior portion of the nucleus, which extends to the anterior region of the flagellum, but it did not present filaments; (2) the acrosome in the three species was quite different, Idarnes sp. 1 and Idarnes sp. 2 (carme group) has two compartments (acrosomal and subacrosomal vesicles) while Idarnes sp. 3 (flavicollis group) has a third compartment (perforatorium); (3) the centriolar adjunct elongated and its location among the mitochondrial derivatives is similar for the three species analyzed; (4) mitochondrial derivatives differ between the species, with triangular (Idarnes sp. 1 and sp. 3) and elongated or flat shaped (Idarnes sp. 2) appearance. These data shows that sperm structure may differ within the same genus and confirms the potential of these cells in phylogenetic and taxonomic analyses in the Chalcidoidea superfamily, as well as in Hymenoptera in general.
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Introduction

Idarnes is the second most common genus within the subfamily Sycophaginae, with 23 described species for the Americas (Bouček, 1993; Farache et al., 2017). The genus Idarnes is subdivided into three species-groups (incertus, flavicollis and carme) and considered monophyletic (Cruaud et al., 2011a; Cruaud et al., 2011b). The spermatozoon morphology of Idarnes wasps was first described by Pereira et al. (2008) using light microscopy.

The ultrastructural investigation of spermatozoa is widely accepted as a feasible approach by which to better comprehend and resolve the phylogeny and taxonomy of insects. Sperm cells are inherently connected to copulation and fecundation and are constantly under evolutionary pressure. Therefore, spermatozoa are commonly understood as holders of a species-specific set of features (Jamieson, 1987, Dallai et al., 2011; Gottardo et al., 2012).

There are few published studies concerning spermatozoon ultrastructure of species in the Chalcidoidea superfamily. However, the available characterization studies demonstrate satisfactory ultrastructural diversity capable of constituting a system of features (Quicke et al., 1992; Lino-Neto et al., 1999, Lino-Neto et al., 2000a; Lino-Neto and Dolder, 2001a; Fiorillo et al., 2008; Santos et al., 2013, Santos et al., 2016) that can be investigated in systematic studies and may further aid classification of species. The Chalcidoidea spermatozoon presents spiraled mitochondrial derivatives, nucleus and axoneme (Lino-Neto et al., 2000a; Fiorillo et al., 2008; Brito et al., 2009; Santos et al., 2013, Santos et al., 2016). This, in fact, differs from most described Hymenoptera species.

Considering the object of this study, a better comprehension of which set of characteristics are species-specific can possibly assist in more accurate positioning of the subfamily Sycophaginae and may elaborate on descriptions and comparisons of the understudied genus Idarnes, leading to a more coherent comprehension of phylogenetic relationships in fig wasps. In this study, we provide ultrastructural cellular characterization of spermatozoa belonging to three different species of the Idarnes genus.

Materials and Methods

Male specimens of the three species (Idarnes sp. 1, Idarnes sp. 2—both belonging to carme group; and Idarnes sp. 3—flavicollis group) were collected at the University of São Paulo (USP) campus located in the city of Ribeirão Preto (São Paulo, Brazil) during the months of April 2008 and January, June, August, and September of 2009. Sample sets were stored at the collection of fig wasps of the Laboratório de Biologia Reprodutiva de Ficus—Departamento de Biologia da Faculdade de Filosofia, Ciências e Letras, USP—Ribeirão Preto. The material is cared for by Dr. R.A.S. Pereira.

Light microscopy

Males were dissected and their testes were smeared on clean glass microscope slides to release the sperm within them and fixed in a solution of 4% (wt/vol) paraformaldehyde in 0.1 M sodium phosphate buffer, pH 7.2. After this, the glass microscope slides with the sperm cells were dried at room temperature. After, these preparations were stained for 15 min with 0.2 µg/mL 4, 6-diamino-2-phenylindole (DAPI) in PBS, washed and mounted with a solution of anti-fade reagent –ProLong Gold. They were then examined by Axiophot microscopes equipped with epifluorescence (Zeiss, Jena, Alemanha).

Transmission electron microscopy

The testes were dissected in phosphate buffered saline (PBS) and further fixed for 4 h in a solution containing 2.5% glutaraldehyde (Electron Microscopy Sciences, Washington, USA), 4% paraformaldehyde (Sigma-Aldrich, St Louis, USA), 5 mM CaCl2 and 3% sucrose, buffered in 0.1 M sodium cacodylate, at pH 7.2. After fixation, the specimens were rinsed in the same buffer, and post-fixed in 1% osmium tetroxide (Electron Microscopy Sciences, Washington, USA), 0.8% potassium ferricyanide, and 5 mM CaCl2 in 0.1 M sodium cacodylate buffer. In some cases, the specimens were fixed in a mixture of 2.5% glutaraldehyde, 1% tannic acid in 0.1 M phosphate buffer, at pH 7.2, followed by block-staining in 1% uranyl acetate in distilled water (Afzelius, 1988). The material was dehydrated in gradual acetone series (30–100%) and embedded in Spurr’s resin (Electron Microscopy Sciences, Washington, USA). Ultrathin sections were stained with uranyl acetate and lead citrate and observed using a Jeol® 1011 transmission electron microscope (Jeol, Tokyo, Japan) operating at 80 kV.

For detection of basic proteins, the ethanolic phosphotungstic acid method (E-PTA), modified from Bloom and Aghajanian (1968), was applied. Testes were fixed with 2.5% glutaraldehyde in 0.1 M phosphate buffer, pH 7.4, for 4 h at 4°C. After washing in phosphate buffer and dehydrating in alcohol, the material was treated “in bloc” with a solution of 2% of PTA in absolute ethanol for 24 h at 4°C, washed in absolute ethanol and embedded in Spurr’s resin. Some ultrathin sections were observed, unstained or stained with uranyl acetate.

Measurements

Ten different micrographs were measured for each species and the size of each structure observed is represented by the mean length. Mitochondrial derivatives were measured based on the distance between the center of two adjacent derivatives.

Results

All three species present elongated cells and are helically twisted along its entire length. Sperm cells are divided into three regions: the anterior region, which corresponds to the head, where the nucleus and the acrosome are found; the nucleus-flagellum transition presenting the centriolar adjunct and mitochondrial derivatives; and the posterior, corresponding to the flagellum, which in turn is composed of the axoneme, with a 9 + 9 + 2 microtubular arrangement, and a pair of mitochondrial derivatives (Fig. 1).

Head region

The acrosome is located at the apex of the nucleus and has a different shape for the three species, as seen in longitudinal (Figs. 2A–2C) and transversal sections (Figs. 2D–2F). In Idarnes sp. 1 (carme group) the acrosome is long and divided into two compartments (Fig. 2A), the subacrosomal vesicle—approximately 180 nm in length; and the acrosomal vesicle, 715 nm long. The acrosomal vesicle has an oval shape, and at its upper end a paracrystalline structure (Fig. 2A) is found, best seen in cross-section (Fig. 2D). Wasps Idarnes sp. 2 (carme group) present an acrosome covered by the extracellular layer, which is small, oval, and bicompartmentalized (Figs. 2B and 2E). The subacrosomal vesicle is approximately 100 nm, and the acrosomal vesicle is 195 nm in length. In Idarnes sp. 3 (flavicollis group) this structure is quite elongated, composed of three compartments (Fig. 2C), the perforatorium, approximately 560 nm, the subacrosomal vesicle, 705 nm in length, and the acrosomal vesicle, 870 nm in length. These compartments can also be seen in cross-section (Fig. 2F).

Nuclear chromatin is highly compacted, homogeneous, and electron-dense (Figs. 2G–2J). The torsion of the nucleus can be noted either in longitudinal sections (Figs. 2G and 2H) or in cross-sections (Figs. 2I and 2J) clearly indicated by the irregular shape of the structure observed. The nucleus also presents positive electron density for E-PTA prepared samples (not shown) evidencing the presence of basic proteins. Idarnes sp. 2 (carme group) was the only species presenting an extracellular layer covering the nucleus (Figs. 2H and 2J).
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Figure 1: Fluorescent micrograph of Idarnes sp. 1 stained with DAPI (A) and schematic representation of spermatozoa of the three species analyzed (B) belonging to the Idarnes genus—sp. 1 and sp. 2 (carme group) and sp. 3 (flavicollis group), corresponding to the longitudinal and cross sections. (i) acrosome region; (ii) nuclei region; (iii) beginning of mitochondrial derivative, centriolar adjunct region; (iv) flagellar region; (v) ending of the flagellar region; (vi, vii) ending piece of flagellum. Abbreviations: Acrosome (ac), axoneme (ax), centriolar adjunct (ca), head region (H), mitochondrial derivative (md), nucleus (n), and extracellular layer (s), tail region (T).
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Figure 2: Head region prepared with tannic acid (A–B, D–F, J) and routine for transmission electron microscopy (C, G–I). (A, D, G, I) Idarnes sp. 1 (carme group); (B, E, H, J) Idarnes sp. 2 (carme group); (C, F) Idarnes sp. 3 (flavicollis group). Acrosome in longitudinal section (A–C), and cross-sections evidencing the shapes (D–F). Nucleus in longitudinal section (G–H) and cross-section (I–J). Abbreviations: Acrosomal vesicle (arrowhead); Extracellular layer (S); Nucleus (N); Paracrystalline material (asterisk); Perforatorium (p); Subacrosomal vesicles (+) and the insertion of perforatorium into the nucleus (arrow).

Nucleus–flagellum transition region

The region of the nucleus–flagellum transition is characterized by the presence of mitochondrial derivatives and the centriolar adjunct. In these species, the mitochondrial derivatives insert at the initial portion of the flagellum in the base of the nucleus. All three species studied by us present an elongated centriolar adjunct, as seen in longitudinal sections (Figs. 3A–3C). This structure is surrounded by the mitochondrial derivatives, as also observed in cross-sections (Figs. 3D and 3E). The centriolar adjunct is observed surrounding the centriole and is not inserted right at the base of the nucleus but is rather found immediately under it (Figs. 3A and 3B). In the species of the genus Idarnes, the centriolar adjunct is observed along the centriolar region (Figs. 3C and 3H). This structure is characterized by its electron-dense aspect, when prepared with tannic acid (Figs. 3A and 3D). However, in E-PTA preparations, it is possible to observe this structure with electron lucid aspect (Fig. 3C).

The extracellular layer is observed in longitudinal sections (Fig. 3B) and in cross-sections (Fig. 3D), covering this region of the spermatozoon in Idarnes sp. 2 (carme group).

Flagellar region

In the three Idarnes species, the axoneme torsion is easily observed in longitudinal sections (Figs. 4A and 4B) and is evident also in transverse sections (Figs. 4C–4J). Another structure where the flagellum torsion can be noted is the pair of mitochondrial derivatives, which sometimes appear near or far away from each other (Figs. 4D and 4F). The orientation of dynein arms reveals that the axoneme is shown as seen from the tail towards the nucleus (anticlockwise oriented, Figs. 4C–4G) and from the centriole towards the tail end (clockwise oriented, Figs. 4H–4J).

In sperm from Idarnes sp. 1 (carme group), the torsion observed in the pair of mitochondrial derivatives located in the intermediate portion of the flagellum is approximately 1.3 µm, while in the species of Idarnes sp. 2 (carme group) and Idarnes sp. 3 (flavicollis group) is 0.6 µm and 1.6 µm, respectively. Thus, it appears that the torsion is less accentuated in Idarnes sp. 2 (carme group).

Mitochondrial derivatives differ in the three species, both in shape and size (Figs. 3F–3H, 4C, 4D, and 4F). In longitudinal sections, the mitochondrial derivatives of wasps Idarnes sp. 1 (carme group) (Fig. 4A) and Idarnes sp. 3 (flavicollis group) (not shown) are pointed, whereas in wasps of Idarnes sp. 2 (carme group) (Fig. 4B) they are flat and long. In cross-sections, the derivatives of Idarnes sp. 1 (carme group) (Figs. 3E, 3F, 4C, and 4D) and Idarnes sp. 3 (flavicollis group) (Figs. 3H and 4E) present subtle differences in their size, with a triangular shape. In Idarnes sp. 2 (carme group) the derivatives have similar sizes, are flat and long in the proximal region of the flagellum (Figs. 3G and 4F) and oval in the distal region (Fig. 4G). In the final portion of the flagellum, they end at different locations (Figs. 4E and 4G). In wasps of Idarnes sp. 2 (carme group), the mitochondrial derivatives are surrounded by the extracellular layer only in the anterior region of the flagellum, as is observed in longitudinal section (Fig. 4B), and in cross-section (Fig. 3G).

The axoneme has a 9 + 9 + 2 microtubular arrangement (Fig. 4H), with two central microtubules, nine peripheral pairs and nine accessory microtubules located more externally. Between the accessory microtubules, an intertubular material with electron-dense aspect was observed (Figs. 4H and 4I). However, this arrangement (9 + 9 + 2) is sequentially disassembled in the final portion of the axoneme (Figs. 4I–4K). At the end of the flagellum, the accessories are the first to disassemble (Fig. 4I); then the central ones (Fig. 4J) and, finally, the peripheral pairs, which, before the terminal end, are seen to be disorganized (Fig. 4K).
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Figure 3: Nucleus–flagellum transition region. Tannic acid (A, C–E, G–H), routine for transmission electron microscopy (B) and E-PTA staining (F and insert in C). (A, C, E–F) Idarnes sp. 1 (carme group); (B, D, G) Idarnes sp. 2 (carme group); (H) Idarnes sp. 3 (flavicollis group). Longitudinal sections showing the centriolar adjunct flanked by mitochondrial derivatives (A–C). Cross-sections of the anterior portion of the flagellum (D–E). Abbreviations: Axoneme (ax), Centriole (C), Centriolar adjunct (ca), extracellular layer (S), Mitochondrial derivative (md), Nucleus (N).
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Figure 4: Flagellum region prepared with tannic acid (A, C–L) and routine for transmission electron microscopy (B). (A, C, D, H–K) Idarnes sp. 1 (carme group); (B, F–G,) Idarnes sp. 2 (carme group); (E) Idarnes sp. 3 (flavicollis group). Longitudinal (A–B) and cross-sections (C–H) of the flagellum. (C–G) Demonstrates the shape and sequence of disposal of the mitochondrial derivative. (H–K) Demonstrates the terminal end of the flagellum as seen in cross-sections. In the insert of the Fig. 4I, tubulin (t) can be seen on microtubules. Abbreviations: Accessory microtubules (asterisk); Axoneme (ax); Extracellular layer (S); Mitochondrial derivatives (md); Intertubular material (IT); Peripherical microtubule pairs (polygon), pair of central microtubules (arrowhead) and microtubule torsion (arrow).

Discussion

Idarnes spermatozoa present different sizes, as described by Pereira et al. (2008) and have a basic structure similar to other Chalcidoidea already described in literature, such as Bephratelloides pomorum (Eurytomidae) (Lino-Neto et al., 1999); Trichogramma pretiosum and T. atopovirilia (Trichogrammatidae) (Lino-Neto et al., 2000a); Trichogramma dendrolimi (Trichogrammatidae) (Lino-Neto and Dolder, 2001a); Pegoscapus sp. 1, Pegoscapus sp. 2 and P. tonduzi (Agaonidae) (Fiorillo et al., 2008) and Melittobia hawaiiensis and M. australica (Eulophidae) (Brito et al., 2009). In these species, the spermatozoa are long, thin and show a helical structure both in the head region and in the flagellar region; that is, they present a twisted nucleus and flagellum with mitochondrial derivatives running helically through the axoneme. This twisted characteristic of Chalcidoidea differentiates them from many hymenopterans, whose sperm are linear (Quicke et al., 1992; Lino-Neto and Dolder, 2002; Zama et al., 2001, Zama et al., 2004, Zama et al., 2005a; Araújo et al., 2005; Fiorillo et al., 2005; Mancini et al., 2006).

The three studied species of Idarnes present the acrosome anterior to the nucleus. However, the classic structure of the acrosomal complex was only observed in Idarnes sp. 3 (flavicollis group). The acrosomal complex usually consists of the acrosomal vesicle and perforatorium and is present in many hymenopterans (Lino-Neto and Dolder, 2001b (only in Trisolcus basalis), Lino-Neto and Dolder, 2002; Zama et al., 2001, Zama et al., 2004, Zama et al., 2005a, Zama et al., 2005b; Báo et al., 2004; Araújo et al., 2005, Araújo et al., 2009; Fiorillo et al., 2005; Lino-Neto et al., 2008; Gracielle et al., 2009; Mancini et al., 2009). Idarnes sp. 2 (carme group) acrosome measures only 195 nm and is the smallest ever recorded for Chalcidoidea. Reports range from 260 nm in Eulophidae (Brito et al., 2009) to 1.5 µm in Trichogrammatidae (Lino-Neto and Dolder, 2001a).

The conical shape of the acrosomal vesicle and perforatorium, as well as its insertion at the apex of the nucleus in Idarnes sp. 3 (flavicollis group) are similar to that described for Bephratelloides pomorum (Eurytomidae: Chalcidoidea) (Lino-Neto et al., 1999) and other hymenopterans [(Formicidae—Lino-Neto and Dolder, 2002); (Apidae—Báo et al., 2004); (Halictidae—Fiorillo et al., 2005); (Sphecidae—Zama et al., 2005b); (Crabronidae—Araújo et al., 2009); (Vespidae—Mancini et al., 2009)]. In Idarnes sp. 1 and Idarnes sp. 2 (carme group), as well as in other Chalcidoidea (Lino-Neto et al., 2000a; Lino-Neto and Dolder, 2001a; Brito et al., 2009), the perforatorium of the acrosomal complex was not observed. The total absence of the acrosome in chalcidoid species was registered only in three species of Agaonidae (Fiorillo et al., 2008).

In the present study, only Idarnes sp. 2 (carme group) has an extracellular layer. All species differ from other Chalcidoides species already described, with regard to its length and the filaments that radiate from it. In Chalcidoidea, this layer is limited to the acrosome region and the anterior portion of the nucleus (Hogge and King, 1975; Lino-Neto et al., 1999, 2000a; Fiorillo et al., 2008; Brito et al., 2009), in addition to having numerous filaments (Lino-Neto et al., 1999, Lino-Neto et al., 2000a; Fiorillo et al., 2008; Brito et al., 2009). The presence of this structure is believed to be a characteristic of parasitic wasps, since it has been reported not only in chalcidoid wasps, but also in Ichneumonidae (Quicke et al., 1992) and Cynipoidea (Newman and Quicke, 1999a). However, it was not observed in two of the three species of Idarnes analyzed here, and also in Scelionidae (Lino-Neto and Dolder, 2001b).

The helically twisted nucleus, with compacted and homogeneous chromatin, is a characteristic of Chalcidoidea wasps (Lino-Neto et al., 1999, Lino-Neto et al., 2000a; Lino-Neto and Dolder, 2001a; Fiorillo et al., 2008; Brito et al., 2009).

The nucleus-flagellum transition region is composed of the nuclear base, centriolar adjunct and the mitochondrial derivatives. It is here that the flagellum is inserted at the base of the nucleus. This insertion is facilitated by the presence of the centriolar adjunct, a characteristic structure of this region, basically made up of ribonucleoproteins and proteins (Taffarel and Esponda, 1980). In Idarnes genus, was detected the presence of the triplet microtubules forming the centriole. This structure is interpreted as being a supporting organelle, and in some other species could be composed of doublet or triplet microtubules, located beneath the nucleus. This structure was also described for species of other groups of insects such as Odonata, Thysanoptera, Lepidoptera, with several variations in morphology (Dallai et al., 2016).

Thus, the E-PTA technique is commonly used in studies of invertebrate spermiogenesis (Báo, 1996; Lino-Neto et al., 1999, Lino-Neto et al., 2000a; Conte et al., 2005; Zama et al., 2005b, Zama et al., 2007) and vertebrates (Ferreira and Dolder, 2003a, Ferreira and Dolder, 2003b) for the detection of basic proteins. In Idarnes species it was possible to observe that the centriole adjunct is positive for E-PTA, but has electron-lucid spaces, probably due to being composed of different proteins.

In the species of Idarnes studied, the centriolar adjunct is elongated and located between the mitochondrial derivatives. It differs greatly from other Chalcidoidea. In the latter, the centriolar adjunct is short and has a discoid format between the nucleus and the flagellum (Lino-Neto et al., 2000a; Lino-Neto and Dolder, 2001a; Fiorillo et al., 2008) with projections extending both in the anterior regions and posterior regions (Lino-Neto et al., 1999, 2000a; Lino-Neto and Dolder, 2001a; Fiorillo et al., 2008; Brito et al., 2009). These projections can be anterior and juxtaposed basolaterally to the nucleus (Lino-Neto et al., 2000a; Brito et al., 2009); only posterior, associated with the onset of the flagellum (Fiorillo et al., 2008); with both anterior and posterior projections (Lino-Neto and Dolder, 2001a); or even extending from the centriole in an anterior direction, in a spiral shape around the nucleus (Lino-Neto et al., 1999); in these wasps, the shape of this structure is considered symmetrical. Although other hymenopterans also have an elongated centriolar adjunct, it is located laterally, surrounding the posterior end of the nucleus and the base of mitochondrial derivatives and the axoneme, in an asymmetric arrangement (Newman and Quicke, 1998, Newman and Quicke, 1999a, Newman and Quicke, 1999b; Lino-Neto et al., 2000b; Zama et al., 2001, 2004, Zama et al., 2001, Zama et al., 2005a, Zama et al., 2005b; Báo et al., 2004; Fiorillo et al., 2005; Mancini et al., 2006). In addition to the differences in shape and location, the centriolar adjunct of Idarnes does not appear to reach the base of the nucleus. In these wasps, the centriole adjunct tapers previously, and its connection to the nuclear base is not clearly observed.

The flagellum in Idarnes is organized in the same arrangement as observed in other Chalcidoidea. The axoneme is twisted, with axonemal microtubules in a 9 + 9 + 2 organization, and a pair of mitochondrial derivatives helically traversing the axoneme (Lino-Neto et al., 1999, Lino-Neto et al., 2000a; Lino-Neto and Dolder, 2001a; Fiorillo et al., 2008; Brito et al., 2009). In the three species, it is located farther from the nucleus, due to the long centriolar adjunct, while in the species of Eurytomidae (Lino-Neto et al., 1999), Trichogrammatidae (Lino-Neto et al., 2000a; Lino-Neto and Dolder, 2001a), Agaonidae (Fiorillo et al., 2008) and Eulophidae (Brito et al., 2009), the axoneme anterior end is located just below the nucleus, after a short centriolar adjunct. On genus Idarnes inner and outer dynein arms were also observed. Usually, this structure can be observed connecting doublet microtubules and has an important role on sperm motility. Intertubular material was also found between the accessory microtubules. Such material is common to other insects (Dallai et al., 2016).

Important differences can be observed by the comparison of mitochondrial derivatives both between the three species of Idarnes and other Chalcidoidea (Wilkes and Lee, 1965; Quicke et al., 1992; Lino-Neto et al., 1999, Lino-Neto et al., 2000a; Lino-Neto and Dolder, 2001a; Fiorillo et al., 2008; Brito et al., 2009). These differences basically reside in their format. The triangular, elongated, and flat shapes reported in Idarnes have never been observed in this superfamily. A triangular shape was noted in Idarnes sp. 1 (carme group) and Idarnes sp. 3 (flavicollis group), flattened and elongated in Idarnes sp. 2 (carme group). In other Chalcidoidea, mitochondrial derivatives are generally oval and have similar diameters (Quicke et al., 1992; Lino-Neto et al., 1999, Lino-Neto et al., 2000a; Fiorillo et al., 2008). We observed that the mitochondrial derivative with a larger area presents a constriction that divides it into two portions, the smaller one being closer to the axoneme. In other Hymenoptera, it is common for mitochondrial derivatives to present different sizes (Höfling et al., 1970; Newman and Quicke, 1999a; Zama et al., 2001, Zama et al., 2004, Zama et al., 2005a, Zama et al., 2005b; Báo et al., 2004; Araújo et al., 2005; Fiorillo et al., 2005; Mancini et al., 2006, Mancini et al., 2009; Gracielle et al., 2009).

At the end of the flagellum, these structures can either end with the axoneme, or before it, at different levels. In cases where they present different diameters, smaller area derivatives may end first (Zama et al., 2001, Zama et al., 2004, Zama et al., 2005a), or lastly, in this case, after larger area derivatives end (Brito et al., 2009).

As the axonemal microtubules approach the posterior end of the flagellum, they are disassembled in different sequences, varying between groups of insects. In Idarnes, as in other Chalcidoidea with the exception of Pegoscapus (Fiorillo et al., 2008), the accessory microtubules end first (Lino-Neto et al., 1999; Lino-Neto et al., 2000a; Lino-Neto and Dolder, 2001a; Brito et al., 2009). As observed in some Parasites, the peripheral pairs are the last to end (Newman and Quicke, 1998; Lino-Neto et al., 1999, Lino-Neto et al., 2000a).

Sperm ultrastructure characterization and the differences mentioned on this study provide data that can be used to elucidate issues about the taxonomy and phylogeny of the Sycophaginae subfamily, which is still considered incerta sedis. A more detailed phylogenetic study could place it in a family, or even propose a new family. However, it is necessary to conduct sperm cell characterization of other groups of fig wasps and expand the number of groups studied within the order to compare them and, thus, assist in the establishment of phylogenetic relationships.
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