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ABSTRACT

Structural features of the male reproductive system in Codophila varia (Fabricius, 1787) were
investigated utilizing both light and scanning electron microscopes. Microscope examinations showed
that the male reproductive system in C. varia consists of two testis, two vas deferentia, two seminal
vesicles, two accessory glands, two ectodermal sacs, ejaculatory bulb, ejaculatory duct and aedeagus.
The male reproductive tract, showed each testes with intense red coloration in slightly oval structure,
with seven follicles. The vas deferens and seminal vesicle were similar in color to the testes and formed
long filaments. Vas deferens and seminal vesicle insert on the anterior medial portion of the ejaculatory
bulb. The ejaculatory duct extends from the base of the ejaculatory bulb to the aedeagus. Also, structural
similarities in the male reproductive systems of C. varia and some other Hemipteran species are discussed.
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INTRODUCTION

Codophila varia (Fabricius, 1787) (Insecta: Heteroptera: Pentatomidae) is present
in most of Europe and in Turkey where it feeds on Carthamus sp., Centaurea sp.,
Circium sp., Daucus sp., Echium plantagineum, Medicago sativa, Onopordum sp.,
Sinapis sp., Verbascum sp., umbelliferous and graminaeous plants and also on weeds
(Lodos et al., 1998). While most pentatomid species are plant feeders, a few species
have been determined to have biocontrol potential. Despite the economic importance
of Pentatomidae on various crops, few reports exist detailing the internal morphology
of the reproductive tract of these organisms, especially with a reference to the male
reproductive system. The male reproductive morphology of Nezara viridula (Linnaeus,
1758) (Pendergrast, 1956; Ramamurty, 1969), Perillus bioculatus (Fabricius) (Adams,
2001), Podisus nigrispinus (Dallas) (Lemos et al., 2005) (Rodrigues et al., 2008),
Dolycoris baccarum (Ozyurt et al., 2013) have been studied.

Morphologically, the male reproductive tract of heteropteran insects typically
consists of a pair of testes and a pair of vas deferentia that end in a medium ejaculatory
duct (Pendergrast, 1956; Davey and Krieger, 1985; Happ, 1992; Nijhout, 1998;
Chapman, 1998; Adams, 2001; Lemos et al., 2005).
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Histologically, each testes contains multiple testicular follicles (in which spermatozoa
are produced), of varying lengths among genera and species (Gongalves et al., 1987;
Chapman, 1998; Nijhout, 1998; Lemos et al., 2005; Freitas et al., 2007, 2010). Each
follicle has its own germarium, analogous to the ovarioles of females, except that the
testicular follicles are generally by enveloped in a common sheath, making the testis
a fairly compact body (Nijhout, 1998; Lemos et al., 2005).

The male reproductive organs of the Pentatomidae are in general, more complex
than those of other families of Heteroptera. This complexity is apparent in the structure
of the bulbus ejaculatorius and in the presence of often elaborate ectodermal accessory
glands in addition to mesodermal accessory glands (Pendergrast, 1956). Most insects
also have a number of accessory glands, which open into the vas deferens or the ductus
ejaculatorius (Davis, 1956; Matsuda, 1976; Happ, 1992; Chapman, 1998; Adams, 2001;
Lemos et al., 2005). Both types of glands serve to produce the seminal fluid (Davis,
1956; Pendergrast,1956; Davey and Krieger,1985; Chapman, 1998; Nijhout, 1998).

There is not any study about C. varia species on the investigation of male
reproductive system of Heteroptera. The aim of present study is to investigate the
reproductive morphology and histology of the male reproductive system of C. varia.
This research is provide key information for additional research into the reproductive
biology and ecology of Heteroptera.

MATERIALS AND METHODS

Gross anatomy

Adult males of C. varia were collected from in July 2011 in Ankara, Turkey. Adult
males were anesthesia with ethyl acetate fumes and dissected in 70% ethyl alcohol
under a stereomicroscope. For the morphological analysis, the dorsal cuticle was first
removed from the prothorax to the last full-sized abdominal segments. Subsequently,
the epidermis and the digestive system were removed. Two entomological pins were
inserted laterally through the last full-sized sternite to spread apart the abdomen and
to expose the base of the reproductive system attached to the genital segments. The
gross morphology of the the reproductive systems of the males were examined and
photographed with a Leica EZ4D stereomicroscope.

Light microscopy

For the histological analysis, the reproductive systems of ten males were fixed in
Bouin’s for 24h. Thereafter, the tissues were washed, dehyrated in a grade series of
ethanol solutions (70%,% 80,% 90, 100%) and finally embedded in paraffin. Paraffin
sections were cut into 6-7 pm thick slides and stained with Hematoxylin-Eosin and
Mallory’s triple stain for light microscopic examination. The sections were viewed and
photographed using an Olympus BX51 microscope.

Scanning electron microscopy

For additional analysis a scanning electron microscopy was used. Cleaned and
dried male specimens (Polaron CPD 7501 Critical Point Dryer) were mounted using



103
Structure of the Male Reproductive System and Spermatogenesis of Codophila varia

double sided tape on SEM stubs, coated with gold in a Polaron SC 502 sputter coater,
and examined with a JEOL JSM 6060 LV scanning electron microscope at accelerating
voltage 10 kV. Photos were taken.

RESULTS

The male reproductive system of C. varia consists of two testes, two vas deferentia,
two seminal vesicles, two ectodermal sacs, one ejaculatory bulb, one ejaculatory
duct and two accessory glands (Fig. 1). These structures are located ventrally in the
abdominal cavity.

Testes

Paired testes lie on either side of the digestive tract. The testes are lined with the
tunica propria and peritoneal sheath with embedded tracheoles (Figs. 3, 5). The red
pigmented testis are roughly oval and consist of seven testes tubules which enter
the vas deferens (Figs. 1, 2). Three development zones were noted within the testes
tubules (growth zone, maturation zone and differentiation zone) (Fig. 2); the growth
zone, where groups of spermatogonia (in cysts) may undergo several mitotic divisions
before they finally become spermatocytes (in cysts) (Figs. 3-7); the maturation zone,
where two meiotic divisions occur and these cells become bundles of spermatids
(Figs. 8-10), the differentiation zone, where spermatids differentiate and become
spermatozoa (Figs. 11,12). When the spermatozoa are completely mature, the
cysts break open. The released bundles of spermatozoa remain together, held by
extracellular material that surrounds the anterior portion of their heads (Figs. 13,14).
The spermatozoa migrate to the vas deferens, pass through the vas deferens, and
are transferred to the seminal vesicle.

Vas deferens and Seminal vesicle

Vas deferens are also red pigmented, and consist of very narrow ducts which extend
posteriorly from the testes to the seminal vesicle. There is no outstanding difference
between the histology and morphology of the vas deferens and the seminal vesicle
(Figs. 15,16). The walls of these ducts consist of an inner layer of simple epithelium
which is surrounded by a network of muscle fibers extending in various directions (Fig.
15). The seminal vesicle receives and stores the spermatozoa (Fig. 15).

Ejaculatory bulb

Vas deferens and seminal vesicle are inserted on the anterior medial portion of
the ejaculatory bulb, which is complex. It is partly covered by an epithelium here
termed the investing epithelium. The walls of ejaculatory bulb are formed by muscles
running concentrically to the lumen of the ducts. It is continuous with the ejaculatory
duct (Figs. 17,18).

Ejaculatory duct

The ejaculatory duct consists of an epithelium of cells which progressively cuboidal
posteriorly and a chitinous tube carrying the sperm and secretions (Figs. 17,18).
Ejaculatory duct extends from the base of the ejaculatory bulb to the aedeagus.
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Ectodermal sacs

The ectodermal sac, located near the ejaculatory bulb, is two lobed and spherical
(Figs. 17,18). It is continuous with the aedeagus and covers the cuticle.

Accessory glands

There are multiple accessory glands in C. varia which are situated in the
posteroventral region of the male, milk white in color and sack-shaped (Figs. 18-20).
The accessory glands consist of three different parts: the muscle layers or muscularis
(Mcl), the secretory epithelium and the lumen. The lumen is filled with granular
secretions (Figs. 17,19).

DISCUSSION

In this study, the male reproductive morphology and histology of C. varia is
described. The male reproductive organs of C. varia are consist of paired testis, a
pair of vas deferentia, a pair of seminal vesicles, a ejaculatory bulb, a ejaculatory
duct, a pair of ectodermal sacs and accessory glands. The results support the
existence of differences as regards location, size, shape and colour of C. varia male
reproductive system when compared to other Heteroptera. However, despite such
differences, that general morphological and histological pattern is very similar for the
entire Pentatomidae (Bonhag et al., 1953; Davis, 1956; Pendergrast, 1956; Matsuda,
1976; Grasse, 1982; Chapman, 1998; Adams, 2001; Lemos et al., 2005; Bushrow et
al., 2006; Pires et al., 2007; Rodrigues et al., 2008; Freitas et al., 2010; Karakaya et
al., 2012; Ozyurt et al., 2013). Morphological studies of the male reproductive system
have been made for several Heteroptera species (Pendergrast, 1956; Davey and
Krieger, 1985; Happ, 1992; Nijhout, 1998; Chapman, 1998; Adams, 2001; Lemos et
al., 2005; Rodrigues et al., 2008; Ozyurt et al., 2013).

The number of testes follicles varies widely between species and presents
taxonomic importance (Davis, 1956; Pendergrast, 1956; Gongalves et al., 1987; Adams,
2001; Lemos et al., 2005; Rodrigues et al., 2008; Freitas et al., 2010). The male
reproductive system of C. varia consists of paired testes that consisting of 14 sperm
tubes. In in Nezara viridula, Podisus nigrispinus, Dolycoris baccarum (Heteroptera:
Pentatomidae) and Aphelocheirus aestivalis (Heteroptera: Aphelocheiridae) observed
4-6 sperm tubes (Pendergrast, 1956; Lemos et al., 2005; Papacek and Soldan, 2008;
Ozyurt et al., 2013).

Like other Heteropterans, the testes in C. varia consists of a peritoneal sheath
enclosing the testes tubules. A basement membrane is formed on the outer surface of
the peritoneal epithelium enclosing the testis and on the inner surface of the testicular
tubules (Davis, 1956; Chapman,1998; Pires et al., 2007; Rodrigues et al., 2008). The
various zones of development described in the testicular tubules of C. varia have not
been as clearly distinguishable in the other Heteropterans (Davis, 1956). The testes
contain sperm at different stages of spermatogenesis (spermatogonia, spermatocytes,
spermatids, spermatozoa) along the length of the sperm tubes.
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Figs. 1-6. Male reproductive system of C. varia. Fig.1. General view, T: Testis, Vd: Vas deferens, Vs: Semi-
nal vesicle, B: Ejaculatory bulb, D: Ejaculatory duct, Ag: Accessory glands, A: Aedeagus. Fig.2. Longi-
tudinal section of a testes follicle (F) showing growth zone (Gz), maturation zone (Mz), differentiation
zone (Dz), vas deferens (Vd) (Bar 500 pm). Fig. 3. Histological section of germarium region, the be-
ginning of the differentiation of the spermatogonia (Sp) and spermatocytes forming cysts (Sc),and the
tunica propria (Tp).Fig. 4. SEM photo of germarium region, the beginning of the differentiation of the
spermatogonia (Sp) and spermatocytes forming cysts (Sc). Fig. 5. Spermatogonia in cysts, trachea
(Tc) in peritoneal sheath (Ps). Fig. 6. Spermatocytes in cysts (Bar 100 pm).
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Figs. 7-12. Developmental stages of spermatocytes. Fig. 7. SEM photo of spermatocytes in cysts. Fig. 8.
spherical spermatids undergoing differentiation. Fig. 9. Histological section of spermatocyte (Sc) de-
velopmental stages and differentiated spermatids (St) in the maturation zone. Fig. 10. Developmen-
tal stages and differentiated spermatids. Fig. 11. Histological section of spermatids (St) at different
developmental stages and differentiated spermatozoa (Sz). Fig.12. Differentiation of spermatids and
spermatozoa (Bar 100 ym).
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Figs. 13-18. Spermatozoa bundles, vas deferens, ejaculatory bulb, ejaculatory duct, accessory glands,
ectodermal sac. Fig.13. Spermatozoa bundles. Fig. 14. SEM photo of large numbers of spermatozoa
bundles. Fig. 15. Longitudinal section of the vas deferens with numerous spermatozoa bundles (Sb),
epithelium (Ept), muscle layers (Mcl). Fig. 16. Vas deferens with numerous spermatozoa bundles. Fig.
17. Histological section of ejaculatory bulb (B), ejaculatory duct (D), ectodermal sacs (Es) and acces-
sory glands (Ag). Fig. 18. Ejaculatory bulb (B), ejaculatory duct (D), ectodermal sacs (Es), accessory
glands (Ag) (Bar 100 pm).
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Figs. 19-20. Light and SEM photos of accessory glands. 19. Histological section of an accessory gland
illustrating the muscularis (Mcl), the well-developed secretory epithelium (Ept) and the lumen (L). Fig.
20. SEM photo of accessory glands (Bar 100 pm).

Mechanisms of spermatogenesis in C. varia, including sperm differentiation,
are rather similar to those found in other Heteroptera (Bowen, 1922; Davis, 1956;
Engelmann, 1970; Chapman, 1998; Lemos et al., 2005; Pires et al., 2007; Rodrigues
etal., 2008; Karakaya et al., 2012; Ozyurt et al., 2013). The number of spermatogonial
generations varies from species to species (Engelmann, 1970; Lemos et al., 2005).
Once fully developed, the sperm travel from the testes to the seminal vesicle via the
vas deferens. In C. varia, as in other heteropterans, a portion of each vas deferens
is dilated to form a tubular chamber. The seminal vesicle receives and stores the
spermatozoa (Davis, 1956).

As with other Heteroptera, the seminal vesicles of C. varia connects to the
ejaculatory bulb is balloon shaped and covered by irregularly shaped accessory glands
(Ozyurt et al., 2013). The ejaculatory bulb joins to form the common ejaculatory duct
(Bushrow et al., 2006). The terminal portion of the ejaculatory duct may be sclerotized
to form the intromittent organ, the aedeagus. It differentiates from a pair of ectodermal
lobes associated with the ninth abdominal segment and is often concealed within a
genital chamber (Klowden, 2007).

Among male insects, the accessory glands notably vary in size, shape, and number
(Adiyodi and Adiyodi, 1975; Leopold, 1976; Grasse, 1982; Chapman, 1998; Freitas
et al., 2007). One of the functions of the secretions of these glands is a contribution
to the seminal fluid and activation of the spermatozoa (Leopold 1976; Chen, 1984;
Davey and Krieger, 1985).

As a result of present study, these goals were acheived: an extension of our
knowledge of the male reproductive system of Pentatomidae and addition of important
information for future research into the reproductive biology of the Heteroptera.
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