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Abstract

Calosoma sycophanta (Linnaeus, 1758) (Coleoptera: Carabidae) is one of the most important predators of pine
processionary moth, Thaumetopoea pityocampa (Denis & Schiffermiiller) (Lepidoptera: Thaumetopoeidae) larvae and
pupae. Therefore, it is an important species in biological control. Relatively few studies have focused on the female
reproductive system in Carabidae. We use light and electron microscopy to study the female reproductive anatomy and
histology of C. sycophanta. The female reproductive organs of C. sycophanta consist of paired ovaries, lateral oviducts, a
common oviduct, and a genital chamber. Each ovary is formed of about 12 polytrophic meroistic ovarioles. In the
longitudinal section of the ovary, it was noticed that the vitellarium region located after the germarium contains egg
chambers that develop in a linear order, and it is distinguished that each chamber consists of an oocyte and nurse cells
formed by incomplete cytokinesis from the same germ cell. The ovary connects to the lateral canal through a pedicel, and
within each chamber, there's an oocyte alongside 16 food cells, all encircled by follicular cells. The epithelium of the pedicel
and lateral oviduct is formed of monolayered cells overlaid by a muscle layer. The intima layer is distinguished on the side
of the epithelium facing the lumen. Spines are seen in the intima. The purpose of this study is to describe ovary
histoanatomy in C. sycophanta and compare it with other coleopteran species, including Carabidae.
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Introduction

The order Coleoptera is examined in four suborders: Archostemata, Myxophaga, Adephaga, and Polyphaga
(Lodos, 1995; Beutel & Leschen, 2005; Gullan & Cranston, 2010). Adephaga is the second and largest insect
suborder with over 45,000 species and many predatory species (Beutel ef al., 2020 ; Duran & Gough, 2020).
The species in Adephaga generally belong to the terrestrial family Carabidae (ground beetles, >35,000 extant
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species) (Crowson, 1960). Most of the Carabidae family feeds as predators. In addition to predators, there are
also omnivorous and occasionally phytophagous species. The maijority of those fed as phytophagous cause
economic losses. Due to the increase in biological control, great economic importance will also be given (Lodos,
1989; Hurka, 1996; Lovei & Sunderland, 1996).

This insect is known to feed on many forest pests, Lepidoptera, such as the pine tree pendant moth
Dendrolimus pini L. (Lepidoptera: Lasiocampidae), moth Lymantria monacha L. (Lepidoptera: Lymantridae),
pine processionary moth Thaumetopoea pityocampa Dennis and Schiffermiiller (Lepidoptera:
Thaumetopoeidae) and the oak processionary moth Thaumetopoea processionae L. (Lepidoptera:
Thaumetopoeidae) (Escherich, 1942). This insect was introduced to the United States at the beginning of the
last century to control of Lymantria dispar (Lepidoptera: Lymantridae) and is now an established predator. C.
sycophanta L. (Coleoptera: Carabidae), which is a naturally occurring and important predatory insect in some
regions of our country, is widely used in biological control against pine processionary moth (T. pityocampa or
T. willkinsoni) (Lepidoptera: Thaumetopoeidae) (Serttas & Cetin 2014).

Ovariole type of insects is an important distinguishing feature in order level. Histologically, there are two types
of ovarioles in insects: panoistic and meroistic. In meroistic type ovarioles, oocytes are divided into two
subtypes: telotrophic and polytrophic, depending on the location of the feeding cell mass (Bonhag, 1958). The
polytrophic ovary type is the rule throughout the Adephaga group. In polytrophic ovaries, each follicle contains
one oocyte and many trophocytes (Stein, 1847; Biining, 1994). Nurse cells are at the anterior end of the follicle,
and oocytes at the posterior end. All together, they are surrounded by follicular epithelium. Nurse cells are
connected to the oocyte and each other by cytoplasmic extensions (ring oviducts), thus forming a cystocyte
complex. This type of ovariole is seen in Dermaptera, Lepidoptera, Diptera, Hymenoptera, and polyphagous
Coleoptera. Except for Siphonaptera, polytrophic ovarioles are observed in most holometabolous insects
(Wigglesworth, 1950; Bonhag, 1958; Chapman, 2004; Klowden, 2007).

Although the Carabidae family is very important economically, studies on the female reproductive system are
very few. Pterostichus melas italicus (Carabidae) and Apotomus rufus (Carabidae), studied the female
reproductive system (Vommaro et al., 2022; Gomez et al., 2023). Although comparative morphology of the
reproductive system has been widely used in taxonomic and phylogenetic studies, the reproductive system of
females has been little studied compared to males. The number of ovarioles and the morphology of the ovaries
are of great importance to study the role of developmental processes (Church et al., 2021). The purpose of this
study is to describe the immature ovary of adult C. sycophanta (Carabidae), which is used in biological control
and contributes to the description of the reproductive system of other coleopteran families, including Carabidae,
and systematic studies.

Material and Methods

Specimens

We studied the immature ovary of adult C. sycophanta from Turkey. They prepared for light microscopy and
scanning electron microscopy. The specimens of C. sycophanta were collected from Pinus brutia forest
Kayadibi village, Bucak, Burdur region.

Light microscopy (LM)

For histological observations, Adult C. sycophanta were kept in ethyl acetate vapor in glass jars. The female
reproductive system of C. sycophanta was dissected under a stereomicroscope (SM) in phosphate buffer (PB).
The general structure of the extracted female reproductive system was photographed with a stereo-microscope



Notes related to immature ovary of the adult Calosoma sycophanta 55

and then determined in formalin-fixing fluid for light microscopy. Samples were washed with tap water and
dehydrated with an increasing series of ethyl alcohol and then embedded in paraffin blocks. Thin sections,
approximately 5-7 um thick, were taken from paraffin blocks with a microtome. The sections taken were stained
with Hematoxylin-Eosin covered with Entellan and turned into a permanent preparation. Sections of the
reproductive system were examined and photographed under an Olympus BX51 light microscope at different
magnifications.

Scanning electron microscopy (SEM)

Fort he SEM observations, we dissected the female reproductive system from specimens. We rinsed the
material in PB before cutting the organs. We fixed the organs onto 2,5% glutaraldehyde. We dehydrated them
in ethanol prior to Hexamethyldisilazane (HMDS). Afterwards, the samples were dried in the air. We mounted
the material on aluminium stubs and coated with gold. We examined the samples using a JEOL JSM 6060 LV.

Result and Discussion

In C. sycophanta, the female reproductive system consists of a pair of ovaries, a pair of lateral oviducts, and a
common oviduct (Figs. 1A, 4A). Each ovary consists of 12 thin, long ovarioles (Fig. 1A). The ovariole numbers
of each ovary varies interspecific (Jaglarz, 1998). In C. sycophanta, each ovary consists of 12 ovarioles.
Smicronyx fulvus (Curculionidae), Veturius sinuatus (Eschscholtz) (Passalidae), Rhynchophorus ferrugineus
(Oliver)  (Curculionidae), Rhyncophorus palmarum (Curculionidag) and Trypophloeus klimeschi
(Curculionidae), each ovary has two ovarioles (Korman & Oseto, 1989; El Naggar et al., 2010; Wan et al.,
2018; Camargo Mathias et al., 2011; Salazar et al., 2017; Gao et al., 2021). Each ovary of A. rufus (Carabidae)
contains 3-4 ovarioles (Gomez et al., 2023). Each ovary in Eriopis connexa (Coccinellidae) consists of 4
ovarioles (Maffei et al., 2001). Each ovary of P. melas (Carabidae) consists of 6 ovarioles (Vommaro et al.,
2022). There are 14 ovarioles in each ovary of Chrysomela populi (Chrysomelidae) (Ozyurt Kogakoglu et al.,
2021). In Chrysolina herbacea (Duftschmid 1825) (Chrysomelidae), there are 18 ovarioles in per ovary (Ozyurt
Kogakoglu et al., 2022).

Ovarioles of C. sycophanta are tubular and elongate (Fig. 1A). Each ovary meets at its tip and is attached to
the body wall by a suspensory ligament (Fig. 1B). In SM photographs, quite large tracheal networks are visible
on the surface of the ovaries (Fig. 1A). Each ovary expands in the middle and narrows towards both ends (Fig.
1A). The ovaries are placed dorsolateral to the alimentary canal, enclosed in a peritoneal sheath. Each ovary
is covered with a network of tracheoles (Fig. 1A). The peritoneal sheath has a mesh-shaped perforated
appearance (Fig. 1C, D).
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Figure 1. A) ) Suspensory ligament extending from the
ovary (SEM). C, D) SEM photograph of sheath surrounding the ovary. Lo-lateral oviduct, Ov-ovary, Sl-suspensory
ligament.

In histological sections of C. sycophanta, it was determined that the ovariole was of polytrophic meraoistic type
(Fig. 2A, C, D). Polytrophic meroistic ovarioles have been found in Coleoptera Archostemata and Adephaga
species (Stys & Bilinski, 1990; El Naggar et al., 2010; Wan et al., 2018; Vommaro et al., 2022). However,
Coleoptera polyphaga has telotrophic meroistic ovarioles (Korman & Oseto, 1989; Maffei et al., 2001; Camargo
Mathias et al., 2011; Szklarzewicz et al., 2014; Gao et al., 2021; Ozyurt Kogakoglu et al., 2021-2023).
Polytrophic meroistic type ovarioles are also seen in some other orders (Diptera, Lepidoptera, Mecoptera,
Psocodea etc.) (Parks & Larsen, 1965; Lee et al., 1985; Yel & Eren, 2000; Zelazowska, 2005; Ma & Hua, 2010;
Amir, 2013; Zhang et al., 2017; Shirai et al., 2023).

In the germarium of C. sycophanta, germ cells and young oocytes are distinguished (Fig. 2B). Mitotic divisions
of germ cells occur in the germarium (Figs. 2A, B). In the longitudinal section of the ovary, it was noticed that
the vitellarium region located after the germarium contains egg chambers that develop in a linear order, and it
is distinguished that each chamber consists of an oocyte and nurse cells formed by incomplete cytokinesis
from the same germ cell (Fig. 2A, C, D). Each chamber consists of an oocyte and 16 food cells and is
surrounded by follicular cells (Fig. 2D). There are large round nuclei in the center of the nurse cells (Fig. 2D).
The oocyte ooplasm and nurse cells appear basophilic. A germinal vesicle is around the ooplasm (Fig. 2C, D).
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Figure 2. A) Longitudinal section of germarium and vitellarium (X100). B) Longitudinal section of germarium (X400). C,

D) Nurse cell and oocyte in vitellarium (x200, x400). Ge-germ cell, Gr-germarium, Nc-nurse cell, Nu-nucleus, Oo-oocyte,
Vit-vitellarium, Yo-young oocyte.

The pedicel is the last part of the ovary and has a thin, long oviduct-shaped structure (Fig. 3A, B). In Fig. 3B,
the epithelial plaque structure removed from the pedicel is distinguished. In histological sections of the pedicel,
it is seen that the single-layered cylindrical epithelial structure is surrounded by thick, striated muscles (Fig. 3C,
D). The lumen is quite relatively. On the side of the pedicel facing the lumen, groups of finger-shaped spiny
structures are distinguished (Fig. 3E, F). In C. sycophanta, numerous spines were observed in the intima of
the pedicel and lateral oviduct. The common oviduct intima in C. populi has spines (Ozyurt Kogakoglu et al.,
2021). The vagina outer wall of Longitarsus nigripennis (Motschulsky 1866) (Chrysomelidae) has a chitinous
spine (Devasahayam et al., 1998). In Chrysomela scripta F., 1801 (Chrysomelidae), there are cteniform spines
on the lateral oviduct intima (Cheetham, 1992).
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Figure 3. A-D) Histological section of pedicel (x40, 200, 200, 400). E, F) The spines extend from the pedicel intima
(SEM). E-epithelial plaque, Ep-epithelium, In-intima, MI-muscle layer, Pd-pedicel, Sp-spine.

In C. sycophanta, the pedicel connects to the common oviduct via a pair of lateral oviducts (Fig. 4A, B). In the
SEM photo, it can be seen that the lateral oviducts are in the form of thin oviducts (Fig. 4B). Tracheas were
found on its surface (Fig. 4C). In the histological section of the lateral oviduct, intima, single-layer epithelium
and muscle layers are distinguished. Spines are seen in the intima (Fig. 4D). The spines extending from the
intima in the pedicel and lateral oviduct help push the egg into the common oviduct. The muscles surrounding
these oviducts are responsible for contraction.
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histological section of lateral oviduct (x100). Lo-lateral oviduct, Lu-lumen, MI-muscle layer, Nu-nucleus, Ov-ovary,
Tr-trachea.

This study, which examines the histological structures of the female reproductive system of C. sycophanta
(Carabidae) and compares it with other insect groups, will help future systematic studies on female insect
reproductive histoanatomy and contribute to agricultural control studies.
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SAMAXAHA O HE3PENM JAJHULIMMA OPACINX CALOSOMA
SYCOPHANTA (LINNAEUS, 1758) (COLEOPTERA: CARABIDAE) -
YINOTPEBOM CBETNOCHE W EJIEKTPOHCKE MUKPOCKOTUJE

NURCAN OzYURT KOCAKOGLU, HICRET ARSLAN 1 SELAMI CANDAN

N3Bop

Calosoma sycophanta (Linnaeus, 1758) (Coleoptera: Carabidae) je jemaH o HajaxHujux npepaTtopa
ryceHuua u nytaka 6oposor yeTHuka Thaumetopoea pityocampa (Denis & Schiffermiiller) (Lepidoptera:
Thaumetopoeidae). Ctora je Beoma BaxHa BpcTa y OWOMOLLKO] KOHTpomu. PenatMBHO mano cTyaumja ce
chokycmparo Ha XeHCKM penpoaykTuBHI cuctem kog C. sycophanta. Kog ose BpcTe, MeToAa je 3acHoBaHa Ha
ynoTpebu CBETNOCHE W ENEKTPOHCKE MUKPOCKOMMje 3a Npoy4YaBatbe PENpOoayKTUBHE aHaToOMMUje M XMcTororuje.
YeHcku penpoaykTueHu opran C. sycophanta cactoje ce of napHuX jajHuka, 604HMX jajoBoaa, 3ajeaHUuKor
jajoBofa u renutanHe komope. CBaku of jajHuka YuHM OKO 12 MONMTPOCGHNX MepomUCTUUKMX oBapuona. Ha
Y30)’KHOM Mpeceky jajHuka npumeheHo je Aa BUTENApHW PervioH, Koju ce Hanaau nocne repmapujyma, cagpxm
jajHe Komope Koje ce pa3Bujajy y IMHeapHoM pegocneay. Pasnukyje ce no Tome, 4a ce cBaka KoMopa cacToju
o4 oouuta u henuja xpaHunuua HacTanmux HenoTnyHOM LIMTOKMHE3OM M3 UCTe npumapHe henwje. JajHuk ce
noBe3yje ca BOYHWM KaHanmoM Kpo3 Meauuen, a yHyTap CBake KOMOpe Hamasu ce oouuta y3 16 henwja
XpaHunuua. LlenokynHa CTpykTypa je okpyxeHe donukynapHum henvjama. Enuten negumuena n 604Hor
jajoBopa je dhopmmupaH og jeqHocnojHUx henuja NpekpUBEHUX MULMAHUM CRojeM. YHYTpaLLksK - MHTUMA Croj
Ce 130Baja Ha CTpaHW enuTena OKPEHYTOM Ka JlyMeHy. Y WHTUMa Criojy Bufe ce wurbaTt HacTaBuu. CBpxa
OBe CTyOuje je [da onuile xucToaHaTomujy jajHuka kop C. sycophanta v ynopeou je ca ApyrM BpcTama
Coleoptera, ykrbyuyjyhu u hamunujy Carabidae.
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