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Abstract. The male reproductive system of adult Oryctes rhinoceros consists of a pair of
testes with 6 follicles in each, connected to vasa deferentia by small vasa efferentia, a pair
of accessory glands, a median ejaculatory duct and a chitinous intromittent organ. The
differentiation of these structures in the successive instars is described in detail. In the first.
second and early third (final) instar larvae the reproductive system is rudimentary
consisting of a pair of testes (each testis is a rounded aggregate of 6 follicles held together
in a connective tissue sheath), a pair of delicate ducts or the vasa deferentia connected to
'genital disc' at the mid-ventral aspect of the 9th abdominal sternite. A chitinous plate
makes its appearance in the 'genital disc' of second instar and is discarded alongwith
prepupal exuvium. In the pupa, each testicular follicle gets separated to independent disc
shaped organ. The ejaculatory duct and accessory glands differentiate from the distal part
of 'genital disc' whereas the proximal part gives rise to the intromittent organ. Definitive
spermatogonia differentiate in the late third instar larval testis. Spermatocysts and meiotic
figures are seen only in the pupal stage and spermiogenesis after adult emergence. Sperm
bundles are noticed only in a 2-4·day old adult. Accessory glands release secretion in 1014-day old adult. Gradual degeneration of testis and ducts is observed in the adults from
the third month onwards.
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1. Introduction

Most of the literature on coleopteran reproductive system give scattered
information dealing either with ontogeny of testis and reproductive duct or with the
morphology and histology of adult reproductive system. Sharp and Muir (1912) and
Muir (1918) described the anatomy, ontogeny and morphology of male genital tube
in Coleoptera. Singh-Pruthi (1924) reported the post-embryonic development of
male genital organs of Tenebrio molitor and Metcalfe (1932) studied the structure
and development of reproductive system in 3 species of Coleoptera viz. Sitodrepa
panicea L, Gastroidea polyqoni Land Anthonomus pomorum L. Williams (1945)
explained the anatomy of adult reproductive system in a number of coleopteran
insects. The anatomy and histology of male reproductive system of adult Tribolium
castaneum (Murad and Ahmad 1977) and Platynotes punctatipennis (Inamdar and
Joshi 1986) have also been reported.
Virkki (1957, 1967) studied the structure of testis follicles and meiosis in
scarabaeid beetles while Landa (1959) explained the spermatogenesis in adults of
Melolontha melolontha. Menon (1969) studied the differentiation of testis and apical
cells in T. molitor. Spermatogenesis in Phyllophaga anxia (Berberet and Helmes
1972) has been reported. A detailed study on the Verson's cells, aberrant
spermatozoa and male accessory glands in Hydrophilus olivaceus has been carried
out by Gundevia and Ramamurthy (1974, 1977) and Smrz (1978) studied the
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spermatogenesis in Agonum assimile. Richard-Mercier (1979, 1981) reported the
light and electronmicroscopic work on apical cells and evolution of germinal cells in
Leptinotarsa decemlineata. Oryctes rhinoceros, a member of the family Scarabaeidae
is a major pest of coconut palm. It was thought worthwhile to study the
differentiation of gonads, reproductive tracts, accessory glands, intromittent organ
and spermatogenesis because nothing is known about this system in this insect.
2. Materials and methods
Third instar (final) larvae of O. rhinoceros were collected from the local manure pits
and were reared individually in the laboratory on sterilized cowdung in small
plastic containers (8 em diameter x 9 em height). Adults after one month were
separated and kept in pairs in bigger containers (17 em diameter x 30 em height),
half filled with dry cowdung and decaying leaves and fed on ripe banana slices or
decaying plantain. The eggs which are laid 15-20 days after mating take 8-10 days
to hatch. The first and second instar larvae moulted to successive stages after 12-22
days. The third instar larva takes 45-160 days before entering pupation. A short
period of prepupal stage (6-8 days) which is marked by vigorous up and down
movements of the· larvae preceded pupal stage. Pupae moulted to adult after 16-18
days. Adults become reproductively mature after a month. Adults usually live up to
5 months, under laboratory conditions.
Etherized larvae of all stages, prepupae, pupae and adults were dissected and
aqueous Bouin's fixative was added to fix and stain the ducts, gonads and 'genital
disc' and they were rinsed in saline immediately. The reproductive system of
different stages was thus traced. For histological studies, paraffin sections of testes
and associated structures were fixed in aqueous Bouin's fluid for 12 h and stained in
Heidenhain's haematoxylin eosin and in Mallory's triple stain. Measurements of
testicular follicles and associated parts were taken using ocular micrometer.
3. Results

3.1

Histomorphology of reproductive organs

3.1a Larva: The reproductive system in the first (figure 1), second and early third
(figure 2) instar male larvae appears rudimentary. In these a pair of testes with small
round head are embedded in a thin layer of fat body on either side of the 7th
abdominal segment. Each testis (210-460 /lm diameter from first through early third
instar) consists of an aggregate of 6 small round follicles, each being separated by
thin strands of connective tissue sheath which also bind the follicles together. The
vasa deferentia arising from the testes run postero-ventrally, joining with the 'genital
disc' which is the imaginal disc of a part of internal genitalia and the whole of
external genitalia, on the mid-ventral aspect of ninth sternite. The vas deferens is a
delicate band of tissue, covered by connective tissue sheath ending in swollen
ampullae. The duct in larvae is without lumen and it elongates from 3-7 rom in the
first to early third instar larva. In the late third instar larvae these structures are
more distinct (the testis is enlarged to 670-750/lm diameter, vas deferens 1·5-2 em
long and the 'genital disc' 2 mm in width, figures 3 and 6). The 'Y' shaped 'genital
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Figures 1-5. 1. Reproductive system in a first instar male larva. genital disc without
chitinous plate. 2. Reproductive system in an early third instar larva. 3. Reproductive
system in late third instar larva. 4. Testicular follicles in a one day old prepupa after
attaining 'rosette' shape. 5. Reproductive system of one month old male adult after
developing seminal vesicle and epididymis.

disc' is composed of two parts; the anterior part being the swollen endings of the
vasa deferentia and the posterior flattened structure is the ectodermal invagination
of the mid part (about 1 mm in width) of the 9th sternite into the body cavity. The
posterior part narrows towards the gonopore, distinguished by a chitinous transverse scar on the 9th sternite. Besides the vas deferens, a nerve, which is a branch of
the 9th abdominal nerve also enters the ampulla just above the vas deferens. In
histological preparations (figure 7) the 'genital disc' is lined up by an epithelium
having compactly arranged connective tissue layers inside, The epithelium at the
region of the ampulla widens and forms a cup shaped depression into which the
cells from vas deferens project. These cells are arranged just beneath the epithelium
forming the lining of a blunt space inside the ampulla and this gives the appearance
of a swelling to the ampulla. A chitinous plate makes its appearance in the 'genital
disc' of second instar larva and it becomes more distinct in the late third instar
larva. In histological sections it is seen attached to the connective tissue layers
inside the 'genital disc'. Male larvae (second and third) are thus identified by this
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chitinous plate, visible through the ninth sternite. The first instar larvae are
recognized by the gonopore, visible under a magnifying lens.
3.1b Prepupa and pupa: It is during pupal stage that the testicular follicles attain
a 'rosette' shape (5 follicles arranged around a central follicle) and the testis as a
whole is enlarged to 1 mm in diameter (figure 4). The chitinous plate in the 'genital
disc' is expelled along with the prepupal exuvium by vigorous movements of the
larva. Differentiation of each part of the male reproductive system occurs when the
pupa is 1-8-day old. The connective tissue sheath holding the follicles together
degenerates and each follicle becomes independent. The vasa efferentia develop by
the extension of the follicular epithelium and become connected with the vas
deferens. Each follicle is now 1 mm in diameter and appears as a disc. The vas
deferens become short and thick measuring 5 mm in length. It develops the lumen
inside. The apex of each ampulla now enlarges in size (figure 8) due to the proliferation of ectodermal cells.from which a pair of evaginations develop into rudiments
of the accessory glands. These rudiments grow and curve beneath the vasa deferentia (figure 9) and lengthen as a duct running parallel to vasa deferentia. Each
duct, after reaching 3 mm in length develops fine tubules which later gets folded.
This is the glandular part of the accessory gland while the proximal region becomes
the storage organ in the adult. Meanwhile the part in between the ampullae elongates to a cylindrical tube, the ejaculatory duct. The bulbular nature of the ampulla
is lost by now. In a 10-day old pupa the ejaculatory duct reaches about 3 mm in
length (figure 10) and the posterior portion becomes swollen to form a muscular
highly folded sac, the spermatophore sac. The portion just below the spermatophore sac covered with folded layers of connective tissue sheath becomes an
organized intromittent organ towards adult moult.
3.1c Adult: The reproductive system of newly moulted adult is not different from
that of a late pupa. However, each follicle gradually enlarges (2-3 mm diameter) its
edges fringed as numerous tracheae ramify around them. In a month old adult
(figure 5) each vas deferens becomes convoluted just behind the vasa efferentia
forming epididymis, while the distal portion before joining the ejaculatory duct gets
swollen forming the seminal vesicle due to the accumulation of spermatozoa.
Similarly the duct of accessory gland before joining with ejaculatory duct expands
to form the storage organ while the folded tubular portion becomes the glandular
portion. The glandular portion is made up of a layer of columnar cells with distinct
nuclei lined by a basement membrane (figure 11). Secretory granules become evident
6-8 days after adult emergence and release of secretory material is seen after 10-14
days.

Figures 6-11. 6. Reproductive system of late third instar larva dissected and mounted in
saline. Testicular follicles and duct of one side is only given (x to). 7. Frontal section
through one half of genital disc of late third instar larva ( x 70). 8. One day old pupal
genital disc, dissected and mounted in saline. See the enlargement of ampullae (x 7).
9. Six-day old pupal reproductive system dissected and mounted in saline. See the growth of
accessory gland, only 5 testicular follicles are visible as one is hidden (x 7). 10. Ten-day
old reproductive ducts dissected and mounted in saline (x 7). II Transverse section
through glandular folding of to-day old adult accessory gland (x 70).

238

Mariamma Jacob

Male reproductive system in Oryctes rhinoceros

239

The intromittent organ (figure 5) in O. rhinoceros is tubular consistmg of a
phallobase, an aedeagus and an endophallus. The phallobase is well developed
forming a tube called phallotheca and it is the chitinous reddish brown structure
with a wide anterior end covering the distal portion of spermatophore sac in which
the spermatophore is formed, and a tapering posterior end with laterally placed
paired parameres. The aedeagus is a sclerotised tube invaginated inside the phallotheca towards the distal end and is attached to the phallotheca by an apodeme, the
aedeagal apodeme arising from the base of the aedeagus. The endophallus is the
membranous, highly folded, eversible tube within the aedeagus which is a continuation of the ejaculatory duct and is protruded through the opening phaJlotreme,
present at the distal end of the aedeagus, during copulation. At adult emergence,
the endophallus is in the everted condition and is retracted into the aedeagus after a
few hours. During copulation, the endophallus carrying the spermatophore, is
pushed out through the phaJlotreme into the bursa of the female. The endophallus
in the protruded condition forms the functional intromittent organ. Mating is
observed after a month of emergence. From 3rd month onwards the testicular
follicles and the ducts begin to degenerate.
3.2 Histology of testis and spermatogenesis

The testicular follicles of the first, second and early third instar larvae are composed
of stem cells covered by connective tissue sheath. In the late third instar larva an
epithelial layer of columnar cells beneath the connective tissue sheath is differentiated from the stem cells. Proliferation of the rest of the cells underneath this
follicular epithelium is observed and large round cells with dusty chromatin appear
among them surrounded by small cells, the cyst cells. They are the early stage of
definitive spermatogonia or primary spermatogonia (figure 12). A group of lightly
stained cells (apical cell complex) are seen in each follicle, but they are distinct only
in prepupal testis. Considerable changes take place in the testicular follicles of

Figures 12-18. 12. Definitive spermatogonia in the testicular follicle of late third instar
larva (x 700). 13. Transverse section through testis of 3-day old prepupa showing the
arrangement of follicles and apical cells ( x 80). 14. Transverse section through 3-day old
prepupal testicular follicle showing primary spermatogonia undergoing division (x 7(0).
IS. Ten h old pupal testis, transverse section showing secondary spermatogonia and
primary spermatocytes (x 700). 16. Transverse section through 16-day old pupal
testicular follicle showing follicular septa and cysts arranged in the compartments ( x 70).
17. Transverse section through testicular follicle of O-day old adult showing secondary
spermatocysts and early spermatids (x 700). 18. Transverse section through 2-day old
adult testicular follicle showing spennatids and sperm bundles ( x 300).
(Abbreviations used: AC, Apical cells; AG, accessory gland; AMP, ampulla(e); CC, cyst
cells; CP, chitinous plate; CTL, connective tissue layers; CTS, connective tissue sheath; E,
epithelium; ED, epididymis; EJD, ejaculatory duct; G. glandular part; GO, genital disc;
GP, gonopore; Gz, germinal zone; IN, intromittent organ; N, nerve; NU, nucleus; PGD,
proximal region of genital disc; PHT, phallotheca; PM, paramere; PSC, primary spermatocyte; PSG, primary spermatogonia; PT, phallotreme; RAG, rudiment of accessory
gland; S, storage organ; S8, sperm bundle; SC, secretory content; SE, septa; SS, spennatophore sac; SSe. secondary spermatocyst; SSG, secondary spermatogonia; ST I, spermatids
(early); ST II, elongating spermatids; SV, seminal vesicle; TF, testicular follicles; VD, vas
deferens; VE, vas efferens).
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prepupae as they assume a 'rosette' shape. In transverse sections (figure 13) the
epithelium of each follicle appears to converge to a central region and the cells
become flattened. The germinal cells of each follicle form a cup shaped zone being
pushed towards the roof of each follicle, thus creating a space inside. The apical cell
complex are now evident at the apex of each follicle near the spermatogonia. The
germinal zone contains primary spermatogonia undergoing mitosis (figure 14). The
epithelium gradually is confined only to the lower part of each follicle and the distal
end narrows to form vas efferens and the vasa efferentia are kept together by
connective tissue sheath and become free only at pupal stage. In a 6-day old
prepupa, secondary spermatogonia characterized by dark chromatin, become
evident in the spermatogonial cysts. Primary spermatocytes are observed in a 10 h
old pupa as recognized by their enlarged size with dark chromatin (figure 15).
Concurrent with the development of primary spermatocytes, the follicles also
increase in size. Each follicle develops septa by the ingrowth of thin strands from
the connective tissue sheath covering each follicle, extending towards the beginning
of vas efferens. These intra-follicular septa divide the follicle into a number of
compartments. The· primary spermatocytes now migrate into these compartments
and undergo meiosis and thus a maturation zone is developed. In a transverse
section through 16-day old pupal testicular follicle (figure 16) primary spermatocytes are seen in the periphery of follicle and secondary spermatocytes towards the
centre, these being arranged in the compartments. In the early pupa, the septa are
not apparent in the germinal zone. However, in the late pupa as the germinal zone
is reduced, septa are observed throughout the follicles. Meiotic figures are seen in
the pupal stage, initiating from the 2-day old pupa. The testicular follicles of newly
moulted adults are occupied by secondary spermatocytes and early spermatids
(figure 17). In a 2-4-day old adult testis, spermatids of various stages and sperm
bundles are observed (figure 18). In the adults, spermatogonia and meiotic figures
are rarely seen. The testicular follicle of 2-month old adult is almost empty due to
the release of spermatozoa starting from 8-10 days of emergence. Gradually the
testicular follicles regress in size and degenerate.
4. Discussion
The male reproductive organs in the first, second and early third instar larvae of
O. rhinoceros are rudimentary. However, these structures become distinct only in
the late third instar larva, as reported for T. molitor (Menon 1969) and P. anxia
(Berberet and Helmes 1972). However, in some Coleoptera these structures became
apparent either at prepupal or pupal stages (Metcalfe 1932; Elliott 1964). It is
interesting to note that in L. decemlineata (Richard-Mercier 1979) the spermatogenesis was over by larval stage itself.
The vasa deferentia are the only genital duct found during larval stages of
O. rhinoceros. The original duct (mesodermal) is maintained with some structural
changes taking place at pupal stage. According to Muir (1918) and Singh-Pruthi
(1924) vas deferens in. Coleoptera is a secondary structure and is ectodermal.
However. Metcalfe (1932) gave evidence that vas deferens in Coleoptera is an
outgrowth of testis and is mesodermal.
The 'genital disc' mentioned in the present study is comparable to the imaginal
disc from which a part of internal genitalia and the whole of external genitalia
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differentiate. This structure has been referred to as 'Herold's organ' (Verson and
Bisson 1895); 'genital pocket' (Singh-Pruthi 1924); 'primary invagination of genital
organ' (Metcalfe 1932); 'primary phallic organ' (Snodgrass 1935) and 'genital disc'
(Whitten 1968). According to Reinecke et al (1983) Herold's organ in Lepidoptera
has become established as a term applied for ectodermal invagination forming
external genitalia and the inter part but the ampullae are excluded. As ampullae
also contribute to the internal genital organ, 'genital disc' includes both ampullae
and Herold's organ. Hence the term 'genital disc' seems to be more appropriate in
O. rhinoceros.
There is only one pair of accessory gland in O. rhinoceros and they are
ectodermal in origin (ectadenes) and vermiform. Accessory glands of similar nature
had been reported for P. anxia (Berberet and Helmes 1972). In H. olivaceus
(Gundevia and Ramamurthy 1977) two pairs of accessory glands of mesodermal
origin are seen and the inner pair of glands are tubular showing almost similar
structure as that of O. rhinoceros. Accessory glands of mesodermal and ectodermal
origin together exist in T. molitor (Happ and Happ 1982) and Platynotes
punctatipennis (Inamdar and Joshi 1986).
A median ejaculatory duct is present in O. rhinoceros and the posterior portion is
swollen to form a sac like structure comparable to the spermatophore sac mentioned by Chapman (1982) and Davey (1984). According to Berberet and Helmes
(1972) it-is the erection fluid pump. Paired ejaculatory ducts are also seen in some
Coleoptera (Metcalfe 1932). The intromittent organ in O. rhinoceros shows the
typical structure described for Coleoptera by Snodgrass (1935). The phallobase is
produced into a phallotheca as described by Davey (1984). The aedeagus and
endophallus are invaginated inside the well developed phallotheca. Almost similar
structure has been reported for P. anxia (Berberet and Helmes 1972).
Spermatogenesis in O. rhinoceros is initiated at the late larval instar as observed
in T. malitor (Menon 1969). According to Virkki (1967) spermatogenesis in many
melolonthines commenced in the pupal stage and is completed before adult emergence. In O. rhinoceros meiotic figures are seen in the pupal stage but spermbundles
are observed after adult emergence. A comparable condition is reported in
A. assimile (Smrz 1978). However in L. decemlineata spermatogenesis is completed
in the larval stage itself (Richard-Mercier 1979). Septum formation and subsequent
division of each follicle into a number of compartments as observed in O. rhinoceros, is a characteristic feature of many coleopteran (Virkki 1957). According to
this author, these septa assist in supplying nutrition and oxygen to the differentiating cysts. Apical cell complex are present in O. rhinoceros. They are seen in close
association with spermatogonia. According to Gundevia and Ramamurthy (1974)
Verson's cells encircle apical cell and are nutritive in function. The ultrastructural
studies on apical cell (Menon 1969; Richard-Mercier 1981) also show that they are
nutritive in function. Apical cell is not observed in Tribolium castaneum (Murad and
Ahmad 1977) and in P. punctatipennis (Inamdar and Joshi 1986).
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