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Summary 
Using light and scanning electron microscopy, histology and morphology of the male reproductive system of 

Coreus marginatus (Linnaeus, 1758) are identified and described. Reproductive system consist of two testes, in 
which different stages of spermatogenesis are observed, two tubular vas deferens, two vesicula seminalis, accessory 
glands (mesadenia, ectadenia), bulbus ejaculatorius, a pair of ectodermal sacs, and a single muscular ejaculatory 
duct, which opens via the aedeagus. Knowledge of basic reproductive morphology and histology can be used to infer 
function and so provide key information for future research into reproductive behavior, evolution and physiology in the 
Heteroptera (Hemiptera). 
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Özet 
Bu çalışmada, Coreus marginatus (Linnaeus, 1758)’un erkek üreme sisteminin histolojisi ve morfolojisi ışık ve 

taramalı elektron mikroskobu (SEM) ile detaylı olarak incelenmiştir. Coreus marginatus’ un erkek üreme sistemi, farklı 
spermatogenez safhalarının gözlendiği 2 testis, tüpsü 2 vas deferens, 2 vesicula seminalis, yardımcı bezler 
(mesedenia ve ektedenia), bulbus ejakulator, bir çift ektodermal kese, kaslı bir ejekulator kanal ve kanalın açıldığı 
aedeagus’tan oluşmaktadır. Üreme sisteminin temel morfolojisi ve histolojisinin bilinmesi, heteropterlerin üreme 
fonksiyonunun anlaşılmasında ve daha sonra yapılacak olan Hetroptera (Hemiptera) üreme davranışları, evrim ve 
fizyoloji araştırmalarında anahtar bilgi olarak kullanılabilir. 
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Introduction 
The internal morphology of reproductive systems of Heteroptera has been reviewed by Matsuda 

(1976). Detailed morphological descriptions of reproductive structures have been used primarily as 
taxonomic tools (Davis, 1955; Kumar, 1969a, 1969b, 1970; Rider & Chapin, 1991; Schuh & Slater, 1995; 
Ahmad & McPherson, 1998; Papacek & Soldan, 2008; Pluot-Sigwalt & Lis, 2008). The male reproductive 
tract of heteropteran insects typically consists of a pair of testes, a pair of vas deferens, a pair of vesicula 
seminalis, a complex bulbus ejaculatorius, a pair of ectodermal sacs, mesodermal (mesadenia) and 
ectodermal (ectadenia), accessory glands and an ejaculatory duct, which opens via the aedeagus. 

Morphologically, the testes have seven testicular follicles in which spermatozoa are produced, with 
different lengths among genera and species (Gonçalves et al., 1987; Freitas et al., 2007, 2010). Testicular 
follicles open separately into the mesodermally derived sperm duct or vas deferens. This usually expands 
posteriorly to form a sperm storage organ or vesicula seminalis which opens into the ejaculatory duct. 

In most insects, the ejaculatory duct is single, located medially and has a cuticular cover, demonstrating 
its ectodermic origin. Typically, tubular, paired accessory glands are formed as diverticula of the vas deferens, 
but sometimes the vas deferens themselves are glandular and fulfill the functions of accessory glands. The 
paired vas deferens unite where they lead into the ectodermally derived ejaculatory duct, the tube that 
transports the semen or the sperm package to the gonopore. In a few insects, particularly certain flies, the 
accessory glands consist of elongated glandular parts of the ejaculatory duct. The accessory gland of male 
insects can be classified as two types, according to mesodermal or ectodermal derivation (Matsuda, 1976; 
Adams, 2001). Almost all are mesodermal in origin and those that appear to be ectodermal have been poorly 
studied. Secretions of the male accessory glands form the spermatophore and contribute to the seminal fluid 
which nourishes the spermatozoa during transport to the female. These secretions are also involved in the 
activation of spermatozoa and may alter female behavior (Pendergrast, 1956; Davey & Krieger, 1985; 
Chapman, 1998; Nijhout, 1998). 

The male reproductive organs of the Pentatomidae are in general, more complex than those of 
other families of the 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). This study is the first to describe the male reproductive 
morphology and histology of Coreus marginatus (Linnaeus, 1758), by means of light and scanning 
electron microscopy (SEM). 

Material and Methods  
Adult males of C. marginatus were collected in July 2010 in Kazan, Ankara, Turkey. The adults were 

killed with ethyl acetate fumes and dissected in 70% ethyl alcohol under a steromicroscope. For the 
morphological analysis, the dorsal cuticle was first removed from the prothorax to the last full-sized abdominal 
segment. Subsequently, the epidermis and the digestive system were removed. Two insect 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 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 10% formalin 

containing a phosphate buffer for 24 h; additional samples were fixed in Bouin’s for 12 h. Thereafter, the 
tissues were washed, dehyrated in a grade series of ethanol solution (70%, 80%, 90% and 100%) and 
finally embedded in paraffin. Paraffin sections then were cut into 4-7 μm thick slices and stained with 
hematoxylin and eosin for light microscopic examination. The sections were viewed and photographed by 
Olympus BX51 light microscope. 

Scanning electron microscopy 
For the scanning electron microscopy, samples were cleaned, dehydrated with ethyl alcohol and 

dried with Critical Point Drying (Polaron, CPD 7501, Critical Point Dryer); then the samples were mounted 
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using double sided tape on SEM stubs, coated with gold in a Polaron SC 502 sputter coater, and 
examined with a JEOL JSM 6060 scanning electron microscope at accelerating voltages of 10-15 kV. 
Photos were taken subsequently. 

Results  
Morphology 

The male reproductive organs of C. marginatus are comprised of paired testes, a pair of vas 
deferens, a pair of vesicula seminalis, a complex bulbus and a ejaculatory duct, a pair of ectodermal 
sacs, and both mesodermal and ectodermal accessory glands (Figures 1, 2). Its testes are elongate, leaf-
like, folded and orange in colour, and lie on either side of the digestive tract (Figures 1-5). The paired 
testes are connected to the vesicula seminalis by the vas deferens (Figures 2, 3, 6). The testes have 
seven sperm tubes (Figures 3, 4). The vas deferens, through which the sperm travels, are long, tubular 
and white. Once fully developed, the sperm travel from the testes to the vesicula seminalis via the vas 
deferens. The vesicula seminalis, where the sperms is stored prior to mating, are globular, white, and 
connects to the bulbus ejaculatorius which is balloon shaped (Figure 7). The male accessory glands 
(mesadenia and ectadenia) are sack-shaped and milk white in color and open into the vas deferens at the 
distal end of the ejaculatory duct (Figure 7). 

 

   

   
Figure 1-4. Light microscope and SEM photos of the male reproductive system of Coreus marginatus. 1-2. General view of the 

reproductive system in C. marginatus. Testes (T), vesicula seminalis (Vs), ectodermal sac (Es), aedeagus (Ad). 3. Vas 
deferens (Vd) and testes (T). 4. Sperm tubes in testes ( ).  
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The bulbus ejaculatorius is continuous with the ejaculatory duct which connects with the aedeagus, 
is single, located medially and has cuticular cover, demonstrating its ectodermic origin. The ejaculatory 
duct begins at the base of the accessory glands. The terminal portion of the ejaculatory duct may be 
sclerotized to form the intromittent organ, the aedeagus. It is differentiated from a pair of ectodermal lobes 
associated with the ninth abdominal segment and is often concealed within a genital chamber (Figures 7, 8). 

   

   
Figure 5-8. SEM photos of the male reproductive system of Coreus marginatus. 5. Texture surface of the testes. 6. Connection of 

the testes with the vesicula seminalis (Vs), the vas deferens (Vd). 7. Vesicula seminalis (Vs) and ectodermal sac (Es). 
8. Aedeagus. 

Histology 

The testes are composed of seven sperm tubes that are surrounded by connective tissue with 
embedded tracheoles. The tubes are made up of a peritoneal sheath, separated from an epithelial sheath 
by the basal lamina. Spermatogenesis occurs within the lumen of the sperm tubes; different stages of 
spermatogenesis can be observed along the lengths of the sperm tubes. Within the testicular tubules of 
C. marginatus are three development zones (the growth zone, the maturation zone, the differentiation 
zone) (Figure 9).The growth zone is where groups of spermatogonia become separated from the 
germarium and form into spherical clusters. These groups of cells become enclosed by several cells 
which form the wall of a cyst (Figures 10, 11). Spermatogonia increase and allowing the occurrence of 
mitosis and differentiation into spermatocytes (Figures 12, 13).The maturation zone is where two meiotic 
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divisions occur and these cells became spermatids (Figures 14, 15). The differentiation zone, where 
spermatids enlarge and change shape, thus forming spermatozoa (Figures 16-19). The spermatozoa are 
contained in cysts which are grouped together in bundles (Figures 18,19), which are approaching the vas 
deferens. Spermatozoa can be observed in the lumen of the vas deferens of virgin males (Figures 20-23). 
During this period, the heads of the sperm at the apex of the cyst are directed toward the germarium. The 
vas deferens are the ducts leading from the testes to the vesicula seminalis. These tubes have a thick 
epithelium. The entire structure is surrounded by the peritoneal sheath. Within the centre of this simple 
tube, spermatozoa are being transported to the seminal vesicles. In C. marginatus, the heads of the 
spermatozoa are embedded in the epithelial lining of the vesicula seminalis and their tails extend 
posteriorly in a spiral into the lumen (Figures 22, 23). 

The vesicula seminalis is continuous with the bulbus ejaculatorius. The bulbus ejaculatorius is 
elliptical, fusiform and has a very complex construction. It has an inner and outer epithelium, with a band 
of striated muscle between that is continuous with that of the ejaculatory duct (Figures 24, 25). The 
ejaculatory duct transports sperm and secretions of the mesadenes. It is continuous with the aedeagus, is 
ectodermal in origin and is covered with cuticle. The ectodermal sac located near the bulbus ejaculatorius 
is two lobed and spherical. The male accessory glands of C. marginatus are multi-lobed, tubular 
structures that lie adjacent to the seminal vesicles (Figures 26, 27). The accessory glands are responsible 
for spermatophore production and produce some active peptides that stimulate ovary activation and thus 
decrease female receptivity following mating. Functions of these secretions are to facilitate sperm 
transfer, to further insemination, and to alter the behaviour of the female.  

 
Figure 9. Longitudinal section of the testes tubules of Coreus marginatus. Testes in transverse section showing the areas and 

development stages of the spermatozoa: growth zone (Zg), maturation zone (Zm), differentiation zone (Zd), follicles (F), 
vas deferens (Vd), vesicula seminalis (Vs) (Bar =100 µm). 
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Figure 10-15. Light microscope and SEM photos illustrating the areas of growth and maturation zones in the testes of Coreus 

marginatus. 10-11. Different magnifications of testes tubes, showing the tunica propria (Tp), Germarium region 
showing the beginning of the differentiation of the spermatocytes into cysts (Cy). 12-13.The presence of 
spermatocytes (Sp) at different developmental stages and differentiated spermatids (St) (Bar= 100µm) 14-15. The 
presence of spermatids in the maturation zone (Bar =100 µm). 
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Figure 16-21. Light microscope and SEM photos showing differentiation zones in the testes of Coreus marginatus. 16-17. The 

presence of spermatids (St) at different developmental stages and differentiated spermatozoa (Sz). 18-19. 
Differentiation zone with large numbers of spermatozoa bundles. 20-21. General view of lumen of the vas deferens 
with large numbers of spermatozoa bundles (Sb) (Bar =100 µm). 
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Figure 22-27. Light microscope and SEM photos showing the vas deferens, vesicula seminalis, bulbus ejaculatorius, accessory 
glands of Coreus marginatus. 22-23. Spermatozoa bundles (Sb) in vas deferens (Vd) and vesicula seminalis (Vs). 
24-25. Bulbus ejaculatorius (B), epithelium (Ep), lumen (L). 26-27. Accessory glands (Ag) in C. marginatus, 
epithelium, lumen (Bar =100 µm). 
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Discussion 
Morphological character studies of the male reproductive system have been made in several insect 

species, resulting in considerable progress with histological, ultrastructural and cytochemical studies of 
the structures that make up this organ (Forbes & Do-Van-Quy, 1965; Bairati, 1968; Louis & Kumar, 1971; 
Bahadur, 1975; Wheeler & Krutzsch, 1992; Ferreira et al., 2004; Mikheyev, 2004; Lemos et al., 2005; 
Freitas et al., 2007, 2010). The morphology of the adult male reproductive system of C. marginatus is 
similar to that observed in other Heteroptera, in being associated with the third abdominal segment, with a 
pair of testes, two vas deferens, two vesicula seminalis, a pair of accessory glands, a complex bulbus and 
an ejaculatory duct, a pair of ectodermal sacs (Bonhag & Wick, 1953; Davis, 1955; Nijhout, 1998; 
Chapman, 1998; Adams, 2001; Lemos et al., 2005; Rodrigues et al., 2008; Freitas et al., 2010). However, 
the testes of some species of heteroptera may be fused into a single median mass testes (Nijhout, 1998). 
The male reproductive morphology of Nezara viridula (Linnaeus, 1758) (Pendergrast, 1956; Ramamurty, 
1969), Chrysocoris stolli Wolf (Singh, 1968), Perillus bioculatus (F.) (Adams, 2001), Oebalus poecilus 
(Dallas, 1851), (Santos et al., 2003), Podisus nigrispinus (Dallas) (Lemos et al., 2005) and (Rodrigues et 
al., 2008), Triatoma brasiliensis Neiva, 1911 and T. melanica Neiva & Lent, 1941 (Freitas et al., 2010), 
have been the subject of detailed studies, with an emphasis function.  

The sperm tubes in the testes of C. marginatus are held together by connective tissue, which has 
an orange pigmentation, are elongate, usually located near the back of the abdomen; the vas deferens 
and vesicula seminalis are cylindirical and white; and the testes are paired, while the testes, vas deferens 
and vesicula seminalis in a closely related species, Oebalus poecilus (Hemiptera: Pentatomidae), are 
long and orange (Santos et al., 2003). The number of testicular follicles in the testes of C. marginatus is 
seven and is different from those found in other Heteroptera (Pendergrast, 1956; Adams, 2001; Lemos et 
al., 2005; Freitas et al., 2010). Like other Heteroptera, each follicle of C. marginatus has a germarium in 
the apical region. The testicular follicles are lined with a layer of cells (peritoneal sheath), an epithelial 
sheath, and a non-cellular layer (tunica propria) (Davis, 1955; Chapman, 1998; Pires et al., 2007; 
Rodrigues et al., 2008).  

The testicular tubules of C. marginatus have three development zones. The growth zone is where 
groups of spermatogonia become separated from the germarium and form into spherical clusters. 
Spermatogonia numbers increase through mitosis and then differentiate into spermatocytes. The 
maturation zone is where two meiotic divisions occur and these cells became spermatids. In the 
differentiation zone, spermatids transform into spermatozoa. Mechanisms of spermatogenesis, including 
sperm formation, are similar to those found in other Coreidae (Bowen, 1922; Davis, 1955; Engelmann, 
1970; Chapman, 1998; Pires et al., 2007; Rodrigues et al., 2008). The number of 
spermatids/spermatozoa per cyst, which is determined by the number of cell divisions, is constant for 
each species, but may vary from species to species. Thus, this number has been used as additional 
information in the systematics of Hymenoptera (Zama et al., 2007; Lino-Neto et al., 2008). 

Once fully developed, the sperm travel from the testes to the vesicula seminalis via the vas 
deferens. The epithelial layer of the vas deferens is relatively thick in C. marginatus. As in many other 
Coreidae, the heads of the spermatozoa are embedded in the epithelial lining of the vesicula seminalis 
and their tails extend posteriorly in a spiral into the lumen (Davis, 1955). 

The accessory glands of male insects can be classified into two types, according to their 
mesodermal or ectodermal derivation. If the acessory glands have a mesodermal origin they are termed 
Mesadenia and open into the vas deferens. Those of ectodermal origin are known as ectadenia and open 
into the ejaculatory duct. In Nezara viridula (Heteroptera: Pentatomidae), as in other Pentatomidae where 
the reproductive system has been described, including C. marginatus, both ectadenia and mesadenia are 
present (Pendergrast, 1956; Chapman, 1998). However, in the Acanthosominae, usually regarded as a 
sub-family of the Pentatomidae, the ectadenia is missing. Consequently, we believe as does Leston that 
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the Acanthosominae should be removed from the Pentatomidae and accorded family status (Leston, 
1953). Among male insects, the accessory glands vary notably in size, shape, number and embryological 
origin (Adiyodi & Adiyodi, 1975; Leopold, 1976; Grasse, 1982; Chapman, 1998). Among the functions of 
the secretions of these glands is a contribution to the seminal fluid and activation of the spermatozoa 
(Chen, 1984; Davey & Krieger, 1985). The accessory glands in heteropterans are responsible for 
spermatophore production and produce some active peptides that stimulate ovary activation after mating 
and decrease female receptivity for mating. The functions of these secretions are to facilitate sperm 
transfer, to further insemination, and to alter the behaviour of the female (Pendergrast, 1956; Leopold, 
1976; Adams, 2001; Kubli, 2003; Freitas et al., 2007, 2010).  

As with other Coreidae, the ejaculatory duct of C. marginatus is single, located medially and has a 
cuticular cover demonstrating its ectodermic origin. It begins at the base of the accessory glands and later 
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). The ejaculatory duct of Oncopeltus (Heteroptera) is also extremely complex, 
being specialized for the erection of the penis (Chapman, 1998). 

In conclusion, the present study provides fundamental information on the male reproductive 
morphology and histology of C. marginatus. These findings will be important for future work on the 
diversity of reproductive morphology within the Heteroptera.  

References 
Adams, T. S., 2001. Morphology of the internal reproductive system of the male and female two-spotted stink bug, 

Perillus bioculatus (F.) (Heteroptera: Pentatomidae) and the transfer of products during mating. Intervertebrate 
Reproduction and Development, 39 (1): 45-53. 

Adiyodi, K. G. & R. G. Adiyodi, 1975. Morphology and cytology of the accessory sex glands in invertebrates. 
International Review of Cytology, 43: 355-398. 

Ahmad, I. & J. E. McPherson, 1998. Additional information on male and famale genitalia of Parabrochymena 
Lariviera and Brochymena Amyot and serville (Hemiptera: Pentatomidae). Annals of the Entomological 
Society of America, 91; 800-807. 

Bahadur, J., 1975. Histology of the male reproductive organs of a bug, Halys dentata F. (Hemiptera, Pentatomidae). 
Zoologica Poloniae, 24: 311–318. 

Bairati, A., 1968. Structure and ultrastructure of the male reproductive system in Drosophila melanogaster 2. The 
genital duct and accessory glands. Monitore Zoologico Italiano, 2: 105-182. 

Bonhag, P. F. & J. R. Wick, 1953. The functional anatomy of the male and female reproductive systems of the 
milkweed bug, Oncopeltus fasciatus (Dallas) (Heteroptera: Lygaeidae). Journal of Morphology, 93: 177-283. 

Bowen, R. H., 1922. Studies on insect spermatogenesis 2. The components of the spermatid and their role in the 
formation of sperm in Hemiptera. Journal of Morphology, 37: 79-172. 

Bushrow, E. S., C. L. Fuller, D. P. Cowan & C. A. Byrd,  2006. Anatomy of the male reproductive system and sperm 
morphology in the caterpillar-hunting wasp Ancistrocerus antilope (Hymenoptera, Vespidae). Invertebrate 
Biology, 125: 354-362.  

Chapman, R. F., 1998. The Insects:  Structure and Function. The Reproductive System. Cambridge University Press, 
Cambridg e, 4th ed., 319-377 pp.  

Chen, P. S., 1984. The functional morphology and biochemistry of insect male accessory glands and their secretion. 
Annual Review of Entomology, 29: 233-255. 

Davey, K. G. & F. L. Krieger, 1985. Variations during the gonotropic cycle in the titer of the myotrophic ovulation 
hormone and the response of the ovarian muscles in Rhodnius prolixus. General and Comparative 
Endocrinology, 59: 452-457. 

Davis, N. T., 1955. Morphology of the female organs of reproduction in the Miridae (Hemiptera). Annals of the 
Entomological Society of America, 48: 132-150.  



Karakaya et al., Türk. entomol. derg., 2012, 36 (2) 

203 

Engelmann, F., 1970. Gonadal Development. In The Physiology of Insect Reproduction, 1st ed., Pergamon Press, 
New York, 41-56 pp. 

Ferreira, A., F. C. Abdalla, W .E. Kerr & C. Cruz-Landim, 2004. Comparative study of the male reproductive internal 
organs of 51 species of bees. Neotropical Entomology, 33: 569–576. 

Forbes, J. & D. Do-Van-Quy, 1965. The anatomy and histology of the male reproductive system of the legionary ant, 
Neivamyrmex harrisi (Haldeman) (Hymenoptera, Formicidae). Journal of the New York Entomological Society, 
73: 95-111. 

Freitas, S. P. C., T. C. M. Gonçalves, J. E. Serrao & J. R. Santos-Mallet, 2007. Fine Structure of the male accessory 
glands of Triatoma rubrofasciata (Hemiptera: Triatominae). Microscopy Research and Technique, 70: 355-
360. 

Freitas, S. P. C., T. C. M. Gonçalves, J. E. Serrao, J. Costa & J. R. Santos-Mallet, 2010. Male reproductive system 
structure and accessory glands ultrastructure of two species of Triatoma (Hemiptera, Reduviidae, 
Triatominae). Micron, 41: 518–525. 

Gonçalves, T. C. M., H. Lent & J. R. Almeida, 1987. Estudo anatomico e morfometrico dos foliculos testiculares de 
algumas especies de Triatominae (Hemiptera: Reduviidae). Memórias do Instituto Oswaldo Cruz, 82: 543-
550.  

Grasse, P. P., 1982. Termitologia: Anatomie, Physiologie, Reproduction des Termites, Masson, Paris. 

Klowden, M. J., 2007. Physiological Systems in Insects. Academic Press, USA, 181-223 pp.  

Kubli, E., 2003. Sex-peptides: seminal peptides of the Drosophila male. Cellular and Molecular Life Sciences, 60 (8): 
1689--1704. 

Kumar, R., 1969a. Morphology and relationships of the Pentatomidae (Heteroptera): III, Natalicolinae and 
Tessaratomidae of uncertain position. Annals of the Entomological Society of America, 62: 681-695. 

Kumar, R., 1969b. Morphology and relationships of the Pentatomidae (Heteroptera): IV. Oncomerinae 
(Tessaratomidae). Australian Journal of Science, 17: 553-606. 

Kumar, R., 1970. Morphology and relationships of the Pentatomidae (Heteroptera) 5: Urostylidae, American Midland 
Naturalist, 85: 63-73.  

Lemos, W. P., J. E. Serrao, F. S. Ramalho, J. C. Cola Zanuncio & M. C. Lacerda, 2005. Effect of diet on male 
reproductive tract of Podisus (Heteroptera: Pentatomidae). Brazilian Journal of Biology, 65 (1): 91-96. 

Leopold, R. A., 1976. The role of male accessory glands in insect reproduction. Annual Review of Entomology, 21: 
199-221.  

Leston, D., 1953. Notes on the Ethiopian Pentatomoidea (Hemiptera) 14. An Acanthosomid from Angola, with 
remarks upon the status and morphology of Acanthosomidae Stål. Publicações Culturais da Companhia de 
Diamantes de Angola, 16: 123-132. 

Lino-Neto, J., H. Dolder, K. Mancini, D. Mercati & R. Dalla, 2008. The short spermatodesm of Arge pagana 
(Hymenoptera: Symphyta). Tissue and Cell, 40: 185-193. 

Louis, D. & R. Kumar, 1971. Morphology and histology of the mushroom-shaped gland in some Dictyoptera. Annals 
of the Entomological Society of America, 64: 977-982. 

Matsuda, R., 1976. Morphology and Evolution of the Insect Abdomen. Pergamon, Oxford. 

Mikheyev, A. S., 2004. Male accessory gland size and the evolutionary transition from single to multiple mating in the 
fungus-gardening ants. Journal Insect Science, 4: 1-5. 

Nijhout, H. F., 1998. Insect Hormones, Reproduction, 3rd ed. Princeton University Press, America, 142-157 pp. 

Papacek, M. & T. Soldan, 2008. Structure and development of the reproductive system in Aphelocheirus aestivalis 
(Hemiptera: Heteroptera: Nepomorpha: Aphelocheiridae). Acta Entomologica Musei Nationalis Pragae, 48 (2): 
299-318.  

Pendergrast, J. G., 1956. The male reproductive organs of Nezara viridula with a preliminary account of their 
development (Heteroptera: Pentatomidae). Transactions of the Royal Society of New Zealand, 84 (1): 139-
146. 

Pires, E. M., P. S .F. Ferreira, R. N. C. Guedes & J. E. Serrao, 2007. Morphology of the Phytophagous Bug Platyscytus 
decempunctatus (Carvalho) (Heteroptera: Miridae) Entomological Society of Brazil 36 (4): 510-513 

Rider, D. A. & J. B. Chapin, 1991. Revision of the genus Thyanta Stål, 1862 (Heteroptera: Pentatomidae) I. South 
America. Journal of New York Entomological Society, 99: 1-77. 



Structure of the male reproductive system in Coreus marginatus (L.) (Hemiptera: Coreidae) 

204 

Pluot-Sigwalt, D. & A. Lis, 2008. Morphology of the spermatheca in the Cydnidae (Hemiptera: Heteroptera): Bearing 
of its diversity on classification and phylogeny. European Journal of Entomology, 105: 279-312.  

Ramamurty, P. S., 1969. Histological studies of the internal organs of reproduction in Nezara viridula Fabr. 
Pentatomidae: Heteroptera, Insecta. Zoologischer Anzeiger, 183: 119-139. 

Rodrigues, A. R., J. E. Serrao, V. W. Teixeira, J. B. Torres & A. A. Teixeira, 2008. Spermatogenesis, changes in 
reproductive structures, and time constraint associated with insemination in Podisus nigrispinus. Journal of 
Insect Physiology, 54: 1543-1551. 

Santos, R. S. S., L. R Redaelli, L. M. G. Diefenbach, H. P. Romanowski & H. F. Prando,  2003. Characterization of 
the imaginal reproductive diapause of Oebalus poecilus (Hemiptera: Pentatomidae). Brazilian Journal of 
Biology, 63 (4): 695-703. 

Schuh, R. T. & J. A. Slater, 1995. True Bugs of the World (Hemiptera: Heteroptera), Classification and Natural 
History. New York, Cornell University Press, 336 pp. 

Singh, M. P., 1968. Female reproductive organs and their development in Chryscoris stolli Wolff (Heteroptera: 
Pentatomidae). Bulletin Entertainment, 9: 25-35. 

Wheeler, D. E., & P. H. Krutzsch, 1992. Internal reproductive system in adult males of the genus Camponotus 
(Hymenoptera, Formicidae, Formicinae). Journal of Morphology, 211: 307-317. 

Zama, U., J. Moreira, S. N. Bao, L. Antonio de Oliveira Campos, H. Dolder & J. Lino-Neto, 2007. Morphology of 
testicular and post-testicular spermatozoa in Microstigmus arlei Richards, 1972 and M. nigrophthalmus Melo, 
1992 (Hymenoptera: Apoidea: Pemphredoninae) with phylogenetic considerations. Arthropod Structure and 
Development, 36 (3): 304-316. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


