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ABSTRACT
The male reproductive system of Graphosoma lineatum (Linnaeus 1758) is studied morphologically
and histologically using both light and scanning electron microscopes (SEM). On the basis of
histological sections and whole morfological studies, the following elements in the structure of the
male reproductive system of G. lineatum have been examined: the structure of a pair of testis
containing the testes follicles and the stage of spermatogenesis, the connection of testes and vas
deferens; the position and the histological structure the of a pair of vas deferens which is the tube
down which the sperm travels, the structure of seminal vesicle which is where the sperm is stored
prior to mating which supply seminal fluid for additional volume and to nourish the sperm beforeduring their journey, the bulbus ejaculatorius, a pair of ectodermal sacs the ductus ejaculatorius as
well as the structure of aedeagus.
Keywords: Male reproductive system, spermatogonium, spermatozoa, light and scanning electron
microscope (SEM).

1. Introduction
Adults and nymphs of Graphosoma lineatum (L.) (Heteroptera: Pentatomidae) shows harmful
effection on the plants, which belong to Umbelliferae family, by sticking to absorb the flowers,
peduncles and seeds of the plants in their umbrella-shaped flower clusters. They can make
significant harms, when they are in high population, in Western Anatolia Region of Turkey,
especially in areas anise is grown [19,20]. Despite the importance of Pentatomidae as biological
control agents, few reports exist on the internal morphology of the reproductive tract of these
organisms, especially with a reference to male reproductive system. The male reproductive
morphology of Nezara viridula (Linnaeus, 1758) [26, 28], Perillus bioculatus (Fabricius) [1],
Podisus nigrispinus (Dallas) [16,29] has been studied.
However, the number of studies on the structural traits of male reproductive system is very
limited. Due to lack of morfological and histological studies on the reproductive tract of
Pentatomidae, the reproductive morphology and histology of of G. lineatum is investigated in
present study. The male reproductive tract of Heteropteran insects typically consists of a pair of
testes, a pair of vas deferens, a pair of seminal vesicles, a complex bulbus ejaculatorius, a pair of
ectodermal sacs, a ductus ejaculatorius, accessory glands [1, 5, 6, 11, 16, 23, 26]. The main function of
the male reproductive system is the production and storage of spermatozoa and their transport in
a viable stage state into the reproductive tract of the female. Histologically, the male
reproductive system consists of paired testes which each containing a series of testicular tubes
or follicles (in which spermatozoa are produced) with different length among genera and species
[5, 9, 16, 23]
. 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 accessory glands in addition to
accessory glands [26]. Most insects present a number of accessory glands, which open into the
vas deferens or the ductus ejaculatorius [1, 5, 7, 11, 16, 21].
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The acccessory glands of male insects can be classified into two
types according to their mesodermal or ectodermal derivation.
Almost all that have been studied are mesodermal in origin, while
little is known about those that have an ectodermal origin.
Secretions of the male accessory glands from the spermatophore
contribute to the seminal fluid which nourishes the spermatozoa
during transport to the female [5, 6, 26].
2. Materials and methods
2.1. Gross anatomy analysis
Adult males of G. lineatum were collected in june-july 2008, from
Kırşehir, Turkey. Adult males were killed 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 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.
2.2. Light Microscopy
For the histological analysis, the reproductive systems of fifteen
males were fixed in bouin’s for 24 h. After that, the tissues were
washed, dehyrated in a grade series of ethanol solutions (70%,
80%, 90%, 100%) and finaly embedded in paraffin. Paraffin
sections were cut into 6-7 µm thick slides and stained with
Hemotoxylin and Eosin for light microscopic examined. The
sections were viewed and photographed by using Olympus BX51
microscope.
2.3. Scanning Electron Microscopy
For the scanning electron microscopy specimens, cleaned and dried
with Critical Point Drying (Polaron CPD 7501 Critical Point
Dryer), then specimens were mounted by double sided tape on
SEM stubs and coated with gold in a Polaron SC 502 sputter coater,
then examined with JEOL JSM 6060 LV scanning electron
microscope at accelerating voltage 10-15 kV. Photos were taken.
3. Results and Discussion
3.1. Morphology
In this study, the male reproductive morphology and histology of
G. lineatum is described. The male reproductive organs of the G.
lineatum are comprised of paired testis, a pair of vas deferens, a
pair of seminal vesicles, a complex bulbus and a ductus
ejaculatorius, a pair of ectodermal sacs and accessory glands (Figs.
1 and 2). The results support the existence of differences as regards
location, size, shape and colour of parts in G. lineatum 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 [1, 2, 4,
5, 7, 9, 10, 12, 13, 14, 18, 21, 24, 25, 26, 27, 29, 30]
. The testes of the G. lineatum are
elongate ovoid in shape and red in colour (Figs. 1 and 2), lie on
either side of the digestive tract, which lined by a layer of cells with
embedded tracheoles (Figs. 3 and 4).The paired testes are
connected to the vas deferens (through which the sperm travels)
(Fig. 3). Vas deferens are also red pigmented, long ducts and
extend posteriorly from the testes to the seminal vesicles (where the

sperms is stored prior to mating) (Figs. 2 and 3). Each vas deferens
emerges as a very narrow duct. The seminal vesicles are not clearly
differentiated from the rest of the duct (Fig. 2). The seminal
vesicles insert into the anterior medial portion of the bulbus
ejaculatorius covered by irregularly shaped accessory glands (Fig.
5). The male accessory glands in G. lineatum are balloon shaped
and milk white in color (Figs. 5 and 6). The ectodermal sacs lie on
the either side of the accessory glands (Figs. 5 and 6). The bulbus
ejaculatorius continuouses with that of the ductus ejaculatorius.
The ductus ejaculatorius of G. lineatum connects to the aedeagus,
located medially with a cuticular cover, demonstrating ectodermic
origin (Fig. 5).
3.2. Histology
The male reproductive system of G. lineatum consists of paired
testes are responsible for the production of sperm, which is
transfered to the females during copulation. The testes are ovoid in
form, consisting of five testes tubules which enter to the vas
deferens (Fig. 7). The number of follicles varies widely between
species and presents taxonomic importance [1, 7, 9, 16, 22, 26, 29]. The
male reproductive system of G. lineatum comprises of paired testes
consisting of five sperm tubes. In Nezara viridula, Podisus
nigrispinus, Dolycoris baccarum (Heteroptera: Pentatomidae) and
Aphelocheirus aestivalis (Heteroptera: Aphelocheiridae) have been
observed 4-6 sperm tubes [16, 24, 25, 26].
There are three development zones (growth, maturation,
differentiation zone) within the testicular follicles of G. lineatum.
The growth zone, where groups of spermatogonia become
separated from the germarium and form the spherical clusters.
These groups of cells become enclosed by several cells which form
the wall of the sperm cyst. Spermatogonia increase and allowing
the occurrence of mitosis and differentiation into spermatocytes
(Figs. 8 and 9). The maturation zone, where two meiotic divisions
occur and these cells become spermatids (Figs. 10 and 11). The
differentiation zone, where spermatids enlarge and change their
shapes which lead to forming spermatozoa (Figs. 12 and 13). The
spermatozoa are grouped together in bundles and then are liberated
(Figs. 14 and 15). Mechanisms of spermatogenesis in G. lineatum,
including sperm differentiation, are rather similar to other
Heteroptera [3, 5, 7, 8, 13, 16, 24, 27, 29]. The spermatozoa migrate to the
vas deferens, pass into the the vas deferens, and are transferred to
the seminal vesicle (Fig. 16). In G. lineatum, the heads of the
spermatozoa are embedded in the epithelial lining of the seminal
vesicles and their tails extend posteriorly in a spiral into the lumen
(Fig. 17). There is no outstanding difference between the histology
of the vas deferens and seminal vesicles (Fig. 16). The walls of
these ducts consist of an inner layer of epithelial cells and surround
by a network of muscle fibers extending in various directions (Fig.
17). Similar structures in ducts were observed in vas deferens and
seminal vesicles of D. baccarum [24].
As other Heteroptera, the seminal vesicle of G. lineatum opens into
the bulbus ejaculatorius [24]. The bulbus ejaculatorius is long,
fusiform with a very complex construction (Fig. 18). It is partly
surrounded by an epithelium (here termed investing epithelium)
which is continuous with the ductus ejaculatorius. The walls of
bulbus ejaculatorius are limited by muscles and running concentric
to the lumen of the ductus ejaculatorius (Fig. 19). The ductus
ejaculatorius transports sperm and secretions of the a lot of
accessory glands. The ductus ejaculatorius, continuous by the
aedeagus, is ectodermal in origin and covered by cuticle. It
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differentiates from a pair of ectodermal lobes associated with the
ninth abdominal segment and is often concealed within a genital
chamber [15]. The ectodermal sac located near the accessory glands
is two lobed and spherical (Figs. 20 and 21). Male accessory glands
of insects considerably vary in size, shape, number and
embryological origin [5,17,24]. The male accessory glands in G.
lineatum line by a layer of cell with embedded tracheoles (Figs. 22
and 23). The accessory glands are responsible for spermatophore

production and produce some active peptides.
As a result of present study, these goals are followed: a) contribute
to the knowledge of the male reproductive system of Pentatomidae;
b) reveal the characters that may be useful for future studies; c)
obtain the key information for future research into in the
reproductive biology, ecology and biological control agents of the
Heteroptera.

Figs 1-2: Light photos of general view of the male reproductive system of G. lineatum. Testes (T), vas deferens (Vd), seminal vesicles
(Vs), accessory glands (Ag), ectodermal sac (Es), aedeagus (Ad). Figs 3-4: SEM photos of vas deferens and trachea (Tr) on the surface of
the testes. Fig 5: SEM picture of accessory glands, ectodermal sacs, aedeagus. Fig 6: SEM photo of ectodermal sac and accessory glands.
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Fig 7: Longitudinal section of the follicles of the testes showing the follicles of G. lineatum. Testes follicles (F), growth zone (Gz),
maturation zone (Mz), differentiation zone (Dz), vas deferens (Vd), accessory glands (Ag) (Bar 200 µm).
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Figs 8-9: Light and SEM photos of the presence of the spermatocytes (Sp) forming cysts (Cy) in growth zone of the testes follicles of G.
lineatum. Figs. 10-11. Light and SEM photos of the presence of spermatocytes and differantiated spermatids (St) in maturation zone of the
testes follicles of G. lineatum. Figs. 12-13. Light and SEM photos of the presence of spermatids and differantiated spermatozoa (Sz) in
differantiation zone of the testes follicles of G. lineatum (Bar 100 µm).

Fig 14-15: Light and SEM photos of spermatozoa bundles in differentiation zones the testes follicles of G. lineatum (Bar 100µm). Fig 16:
Longitudinal section of seminal vesicles (Vs), vas deferens (Vd), testes (T) in the male reproductive system of G. lineatum (Bar 100µm).
Fig 17: General view of lumen of the seminal vesicles with large numbers of spermatozoa bundles and muscle sheath (Ms) and epitelium
(Ep) structure of seminal vesicles (Bar 50µm).
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Fig 18: Light photo showing of ectodermal sacs (Es), bulbus ejaculatorius (B) and accessory glands (Ag) in male reproductive system of G.
lineatum. Fig 19: Light photo showing of muscle sheath (Ms) and epitelium (E) in bulbus ejaculatorius and ductus ejaculatorius (D). Figs
20-21: Light and SEM photos of ectodermal sac and accessory glands in male reproductive system of G. lineatum. Figs 22: Light photo
showing of accessory glands. Figs 23: SEM photo trachea (Tr) in surface of accessory glands (Bar= 100 µm).
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