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Abstract:

The internal genitalia of both sexes of Lixus cardui Orivier, 1807 (Coleoptera: Curculionidae) were

examined by optical and scanning electron microscope (SEM). A detailed description is provided.
In lateral view, the aedeagal tube is bented and its lateral surface is strongly sclerotised. In dorsal
view, the ostium which fromendophallus (internal sac) goes out, seems clearly. The suroundings of
the ostium has little sclerotised membrane. The spermatheca appears like a hook shape. It consists of
receptaculum seminis, spermathecal duct and accesory gland.
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Introduction

In insects, male and female genital structures are
often used in distinguishing at the species level.
The genitalia of both sexes have been recognised
for diagnoses by several authors (HorrMaNN
1950, 1954, MormMoTOo 1962, ZIMMERMANN
1968, Tuxen 1970, Pamr et al. 1977, Ter-
MinasyaN 1978, BArRker 1989, Crark 1990,
PesariNT 1979, CaLbara 1985, 1990, Koima,
MoriMoTo 1996, SERT, CAGATAY 1999, SERT
1997,2006, Rusioet al. 2008). However, accurate
knowledge of the morphology and functions
of the genital structures in Curculionidae is
still lacking in many taxonomic groups, including
Lixinae. Generally, the male genitalia occurs
annulate type in Curculionidae, and consists
of the aedeagus and the spiculum gastrale (called
‘Oth sternite’ by Wanat 2007) (Tuxen 1970).

The aedeagus consists of two main parts:
aedegal tube and tegmen which are connected by
the first connecting membrane.The ejeculatory
duct enters the aedeagal tube through the basal
orifice. It goes out from the ostium (apical
orifice) which is, exceptions, situated on the
dorsum of the median lobe near the apex (Tuxen
1970). The tegmen consists of a flattened and
usually bilobed tegminal plate, V-shaped basal
piece and an apodeme (Manubrium) (WANAT
2007). The tegmen located the basal part of
median lobe (called ‘aedeagal tube’ by WaNAT
2007) form a ring. In some groups, dorsal part
of tegmen is reduced, and it is not enveloping
the aedeagal tube (Tuxen 1970). The function
of the weevil tegmen is primarily mechanical
in two respects. The tegmen limits the range of
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eversion of the aedeagus and serves as a point of
attachment for the post-tegminal membrane or it
assists with eversion and retraction of the genitalia
through the action of the muscles attached to the
apodeme (Wanar 2007). The 9th sternite
(spiculum gastrale) in different shapes is
originated from 9th abdominal sternite (Tuxen
1970) and used as a special taxonomic character
for species by many researchers (CLARK 1990).

The female genitalia of Curculionoidae is
constituted by the recracted 8th and 9th abdominal
segments, as in other Coleoptera (TANNER 1927).
The 8th segment is usually reduced and its sternite
is usually assosiated with a chitinous apodeme of
variable size and shapes. Itisaccordingly designated
as ‘genital spicule. The 9th segment forms a short
or long tube and its sternum generally bears a pair
of short or long sternites each with or without a
stylus (TANNER 1927). Stylus has normally sensorial
function (armed with bristles) (Tuxen 1970). The
spermatheca is strongly chitinized since it is of
ectodermal origin; thisarrangementis commoninall
coleopterans (CrRowsoN 1981). Sperm stored within
the spermatheca passes through the spermathecal
duct into the bursa copulatrix where the eggs are
fertilized (Knan, MusGrave 1969). Accesory gland
is regularly attached to the spermatheca (Tuxen
1970). The accessory gland secretion of insects is
involved in spermatozoa activation, spermatozoa
transfer to the spermatheca, and maintenance of
spermatozoa (DAVEY, WEBSTER 1967, BHATNAGER,
MusGRAVE 1971, GRODNER, STEFFENS 1978).

Herein, we presented details of the genital
structures of male and female Lixus cardui Olivier,
1807 (Curculionidae) by optical microscopy and
SEM.

Material and Methods

Ten specimens were selected from dried mu-
seum materials obtained from the field
(Bogazpmar village, Camliyayla, Mersin,
Turkey, 7. VI. 2006, 495 m). The male and
female genitals were prepared by first softening
the abdomen in 10% KOH for 24 h at 300°C.
Thereafter, tissues were carefully removed and
themale and female genitals were placed in glycerin.
Observation was made using a stereomicroscope
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(Olympus SZX12 Photo-microscope at 40X). For
scanning electron microscope (SEM), rinsed and
dried genitals were mounted with double-sided
carbon tape on SEM stubs, coated with gold in
a Polaron SC 502 Sputter Coater, and examined
with a JOEL JSM 6060 SEM operated at 15
kV. Nomenclature follows Tuxen (1970), Pami
et al. (1977), Wanar (2007) and classification
follows ALONSO-ZARAZAGA, LyaL (1999). A list of
abbreviations is given in Table 1.

Table 1. Abbreviations used in figures for male and female
genital structures:

Aa: Adeagal apodemes
Ad: Aedeagus

Ae: Aedeagal tube

A: Accesory gland

As: Abdominal sternum
Tc: Aedeagal tectum
Gs: Genital spicule
Ma: Manubrium

Os: Ostium

Ovip: Ovipositor

Pe: Adeagal pedon

Sd: Spermathecal duct
S9: 9th sternite

Sp: Spermatheca

Sty: Stylus

Tg: Tegmen

Results

Male genitalia

The male genitalia (aedeagus and 9th sternite )
of Lixus cardui are drawned in Figs. 1A, B. The
aedeagus consists of two main parts: aedegal tube
and tegmen. In lateral view, the aedeagal tube is
bented and its lateral surface is strongly sclerotised
(Figs. 1B, C). The adeagal pedon is widens and
cornered medially, very narrow basally, and
narrows distally. There are some short spines on
surface of pedon (Fig. 1E). The great basal part
of aedeagal tube seems membranous (Fig. 1F).
The manubrium is clearly bented in apically, and
its surface has design wrinkles (Figs. 2C, D). The
aedeagal apodemes are very short and strongly
sclerotised. They are approximately 1/5 lenght
of aedeagal tube (Figs. 1B, 2C). In dorsal view,
the aedeagal pedons is strongly sclerotised. The
basal and apical parts of aedeagal tube appear as
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Fig. 1. Drawing and SEM photos of male genitalia of Lixus cardui: A —drawing of the aedeagus (lateral view)
and 9th sternite (spiculum gastrale); B — drawing of the aedeagus (dorsal view); C — SEM photo of aedeagal tube;
D — the ostium on apical of aedeagus (B); E — spines on surface of aedeagal tube (B); F — basal part of aedeagal tube.

membrane plate (Fig. 1B). The ostium which from
endophallus (internal sac) goes out, seems clearly.
The suroundings of the ostium has a membrane
that little sclerotised (Fig. 1D). In the basal of
aedeagal tube, the tegmen is located like a ring
(Fig. 2A). It is connected to the aedeagal tube by
a wide membrane which is the first connecting
membrane (Fig. 2A). The chinisation of tegmen
seems to be porous structure (Fig. 2B).

The 9th sternite is T-shaped and curved
especially at the basal part. It has two assimetrically
arms (Figs. 1B, 2E). The body of 9th sternite is

strongly sclerotised, but the structure of the arms
has densely porous (Fig. 2F).

Female genitalia

The spermatheca appears like a hook shape. It con-
sists of receptaculum seminis, spermathecal duct
and accessory gland (Fig. 3A). It is strongly
sclerotised (Fig. 3B). The surface of spermatheca
has densely porous (Fig. 3C). The spermatheca is
widening like a sac in basally.

The ventral side of spermatheca and the
surface of sac have many curls (Figs. 3D, 4A). The
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Fig. 2. SEM photos of male genitalia: A — tegmen with a wide membrane (B). B — surface of tegmen; C — basal part
of aedeagus with tegmen, manubrium and aedeagal apodemes (B); D — dorsal surface of manubrium; E — view of 9th

sternite; F — pores on surface of 9th sternite.

spermathecal duct seems very thin and covered
with a thick layer of chitin (Fig. 4B). There are
many muscles fibers, which are enveloping the
spermathecal duct in the basal part of spermatheca
(Fig. 4C). The accesory gland is opened to the dorsal
of spermatheca with a short duct which of surface
has irregular structure (Fig. 4E). The accesory gland
appears transparently in light microscope but in SEM
examination its surface is little sclerotised (Fig.4F).
Female genitalia of Lixus cardui are with
genital spicule and 8th abdominal sternum which
are joined and seem Y-shaped. The genital spicule is
narrowed in middle, basally and apically, it is little
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widen (Fig. 5A). Its surface is strongly sclerotised.
The 8th abdominal sternum has two plates which
are joined with a wide membrane (Figs. SA, B). It is
widen in basal part where there are many long hairs
(Figs. 5B, C), but apically it is narrowed gradually.
The 8th abdominal sternum has many structures
like a funnel shape on back surface (Figs. 5D,
E). There are many long fibrils among the funnel
structures (Figs. SE, F). The ovipositor which has
two hemisternites is in Fig. 6A. Each sternite bears
the stylus which is armed with bristles (Fig. 6B).
The stylus is like a short tube that has many long
bristles at the apex (Fig. 6C). The sternites appear
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Fig. 3. Drawing and SEM photos of spermatheca of Lixus cardui: A — drawing of spermatheca and accesory gland,;
B — SEM photo of apical part of spermatheca; C — small pores on surface of spermatheca (B); D — the curls on ventral

side of spermatheca.

as swollen tube shape. The apex of sternites has
many long bristles (Figs. 6B, D). Each sternite has
membrane in middle, but it is strongly sclerotised
apically, where are many spines and porous (Fig.
6E). The ventral side of sternites appears smooth
surface which has not spines and porous (Fig. 6F).

Discussion

The male and female genitalia have been
recognised as source of taxonomically important
characters in Coleoptera for several years. Many
authors (Pami et al. 1977, Sert 1997, Skrr,
Cacaray 1999) compared the shape and size of
the genital structures for species diagnoses but
they are not investigated by SEM.

The structure of genitalia seems limited under
the light microscope but in scanning electron
microscope, all the details appeare clearly. In L.
cardui, the chitinisation of the structures which
has spines and porous are showed appearently. For
example, the surface of acdeagal pedon has spines
and porous. The surface of tegmen and spermatheca
has only porous. In additional, we determined the

particular field where surroundings with many muscle
fibers at the distal part of spermathecal duct. These
muscle fibers play a role as an ejection apparatus
which controls the passage of the spermatozoa
(THEODOR 1976, RODRIQUEZ 1994, PaBALAN et al.
1996, YuvaL et al. 1996, Brocn Qazr et al. 1998,
GSCHWENTNER, TADLER 2000, Fritz, TURNER 2002).
The 8th abdominal sternum has many structures
like funnel-shape and very long fibrils on the back
surface and their functions are unknown.

Finally, the morphological characters in both
sexes of Lixus cardui Orivier, 1807 (Coleoptera:
Curculionidae), as the presence of aedeagus,
Oth sternite, spermatheca, genital spicule, 8th
abdominal sternum and ovipositor are important
in classification higher at the generic level of the
Curculionidae taxa and its taxonomic importance
were estabilished. The sculpturing of different
shapes and structures may provide distinctive
characteristics for some of the species. The survey
revealed a wide variety of morphological characters
of male and female in Curculionidae. More work
involving SEM is needed to estabilished clear
trends within the taxonomic groups.
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Fig. 4. SEM photos of spermatheca: A — surface of sack; B — view of spermathecal duct with covered chitin; C —
surface of spermathecal duct and seem wrinkles like muscle fibers (B); D — accesory gland; E — duct of accesory
gland and connected to the area of spermatheca; F — surface of accesory gland.
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Ovip. (sternites)

Fig. 6. Drawing and SEM photos of ovipositor : A — drawing of sternite of ovipositor and stylus; B — the sternites of ovipositor and
stylus; C — stylus and hairs on apical part; D — basal part of stylus; E — short spines and pores on apical surface of sternite (B); F —

ventral side of sternites.

the superfamily Curculionidae of Japan. —Journal of the
Faculty of Agriculture, Kyushu University, 11: 331-373.

PaBaLan N., K. G. Davey and L. PAacker 1996. Comparative
morphology of spermathecae in solitary and primitively
eusocial bees (Hymenoptera: Apoidea). — Canadian Jour-
nal of Zoology, 74: 802-808.

Pami H. R., S. K. SincaL and B. R. BHateia 1977. A study of
female genitalia in the families Curculionidae, Brentidae
and Attelabidae (Coleoptera: Curculionidae). — Research
Bulletin (Sci.), Panjab University, 28: 69-83.

Pesarint C. 1979. Le specie paleartiche occidentali della
tribu Phyllobiini (Coleoptera: Curculionidae). — Bolletino
Zoologia Agraria e di Bachicoltura, Ser. 11, 15: 49-230.

RoDRIGUEZ V. 1994. Function of the spermathecal muscle in Chely-
morpha alternans Boheman (Coleoptera: Chrysomelidae:
Cassidinae). —Physiological Entomology, 19: 198-202.

328

Rusio J. D., A. E. BustiLLo, L. F. VaLLEjO, J. R. Acuna and P.
BenaviDes 2008. Systematics, Morphology and Physiology,
Alimentary canal and reproductive tract of Hypothenemus
hampei (Ferrari) (Coleoptera: Curculionidae, Scolytinae). —
Neotropical Entomology, 37: 143- 151.

SerT O. 1997. Investigations on the female genital organ structure
in Cleoninae (Coleoptera). — Turkish Journal of Entomol-
ogy, 21: 147- 159.

SerT O. and N. CaGaTAy 1999. Taxonomic Studies on the some
species of the subfamily Cleoninae (Coleoptera: Cur-
culionidae) from central Anatolia. — Turkish Journal of
Zoology, 3: 817-827.

SerT O. 2006. On the female and male genital structures of Sitona
fairmairei Allard, 1869 (Coleoptera: Curculionidae) from
Turkey. — Entomological News, 117: 441-443.

TANNER V. M. 1927. A preliminary study of the genitalia of fe-



Description of Surface Morphology in Male and Female Genitals of Lixus...

male Coleoptera. — Transactions American Entomological
Society, 53: 5-50.

THEODOR O. 1976. On the structure of the spermathecae and aedea-
gus in the Asilidae and their importance in the systematics
of the family. — Israel Academy of Science & Human,
Jerusalem, Israel, 175 p.

TerR-MmNasYAN M. E. 1978. Weevils of the subfamily Cleoninae in
the Fauna of the USSR. Tribe Lixini. Zoological enstitute,
Academy of Science of the USSR. Vii+166 pp. Amerin
Publishing Co., New Delhi. (Translated from Russian;
Originally Publishing in 1967).

Tuxen S. L. 1970. Taxonomist’s Glossary of Genitalia in Insects.

Scandinavian University, Munksgaard, Copenhagen,
215 p.

Wanat M. 2007. Aligment and homology of male terminalia in
Curculionidea and other Coleoptera. — Invertebrate Sys-
tematics, 21: 147-171.

YuvaL B., S. Bray and R. Kaspr 1996. Sperm transfer and stor-
age in the Mediterranean fruit fly (Diptera: Tephritidae).
— Annals of the Entomological Society of America, 89:
486-492.

ZiMMERMANN E. C. 1968. Cosmopolites Banana Weevils (Co-
leoptera: Curculionidae: Rhyncophorinae). — Pasific
Insects, 10: 295-299.

Received: 26.04.2010
Accepted: 21.09.2010

Mopdosiorusi Ha NOBbLPXHOCTA HA KEHCKU M MBbKKHU
reaurTajauu Ha Lixus cardui Olivier, 1807
(Coleoptera: Curculionidae: Lixinae):

u3cJjeBaHe ChC CKAHUPAI €JIEKTPOHEH MUKPOCKOII

M. Epoeun, C. /Incanoan

(Pe3rome)

ChbC CBETVIMHEH W CKaHHUpAIll eJIeKTpoHeH MUKpockon (SEM) ca m3cienBaHy TeHUTAIUUTE Ha JABara Ioja
ma Lixus cardui Olivier, 1807 (Coleoptera: Curculionidae) u e mpeacraBeHo ¢ moapoOHO ommcanve. B
JaTepalieH W3IVIe]l efiearaiHata TphOWdKa € IBroBHAHO M3BHTA. OKOJIO OCKylTyMa ce HaOiromaBa Malka
ckiepoTtusupaHa meMmOpana. CriepMarekara € moja (opMara Ha KyKAYKa M C€ ChCTOU OT CEMEIPUEMHIIK,
criepMalieH KaHall ¥ TOTbJIHUTETHA KIIe3a.
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