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INTRODUCTION

Reproductive organs of aquatic beetles have not been
studied in any comprehensive manner. There are some scattered
accounts on the morphology of the genital organs of aquatic
Coleoptera (Stein 1847, Escherich 1894, Sharp and Muir 1912,
Boving 1913, Tanner 1927, Balfour-Browne 1932, Guignot 1333,
Feng 1936, Wood 1952, Young 1963, Datta Gupta and Kumar 1363,
etc.)., However, there is hardly any attempt to assess the
bearing of the genital characters on the taxonomy of this

group, at the higher categories in particular.

Our knowledge on the entire genital system of. these
beetles is mainly due to the researches on the Dytiscus

marginalis (Demandt 1912, Korschelt 1923-124), which is a

European species, It is only very recently that an account
of the genital system of an Indian water beetle, Cybister

tripunctatus asiaticus Sharp, was published by Sidhu (1960a and

1960Db).

Aquatic beetles are comparatively less numerous in
this part of the country for obvious reasons, Notwithstanding
the fact I have undertaken the study of the genitalia of these
specially adapted coleopterans. There are interesting struc-
tural modifications that have hitherto been known, and such
peculiarities should have an important bearing on the taxonomy

and the systematics of the group.

PrraSsiaisieierersiaia
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External male genitalia:

The male genital complex includes the aedeagus and
the genital segments., The aedeagus in Coleoptera is believed
to have originated by the fusion of the appendages of the 9th
segment (Michener 194L4). The genital segments in males and
in the females aid in the act of copulation and oviposition
respectively (Snodgrass 1935, Michener 1944). In some cases
it is only the ninth segment that takes part in the formation
of the external genitalia. The ninth segment in most male
coleopterans is ring-like and often very much reduced
(Gilbert 1952, Lindroth and Palmen 1356)., There is wide
variation in the genital complex of coleopterans, and the
structures have not been compared between the species or
groups of species which has led to confusion amongst the

morphologists.

In order to understand the homologies of these genital
sclerites it is necessary to establish as to which of the
segments give rise to the genital sclerites (Michener 1944).
To do so a coordinated study of the abdomen and the genitalia
in a number of species of any particular group of insects is
necessary. Work on this line is that of Stein (1847),
Verhoeff (1893-'94)  and Michener (1944). In two Separate
publications i.e, 1893 and 1894, Verhoeff made a survey of

the terminal abdominal segments and their appendages in both

the sexes of Coleoptera.

Michener's (1944) comparative study of the appendages

of the eighth and the ninth abdominal segments of insects is
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aimed at establishing the inter-ordinal homologies of the

genital appendages more accurately and with greater certai-
nity than it was possible in the past, Although his paper
was primarily a study of the male genitalia, the structures

of the ovipositor of the females were also included.

Sharp and Muir (1912) published an exhaustive memoir
on the comparative anatomy of the male genital tube in the
order Coleoptera. From the aquatic coleopteran families they

examined

3 species representing 2 genera from Dytiscidae,
i, species representing 3 genera from Gyrinidae,

& species representing 6 genera from Hydrophilidae.

According to Sharp and Muir (1912) the aedeagus of
the families Gyrinidae and Hydrophilidae come under 'Byrrhoid
type'. Though they included Gyrinidae under 'Byrrhoid type'
they were optimistic and stressed the need to find the homo-
logies of the genital structures between the male and the
females of Gyrinidae, Later, Michener (1944) studied the
male and the female genitalia which, however, was not in
relation to Gyrinidae. Recently, Lindroth and Palmen (1556)

presented a general description of the male and the female
genitalia of Coleoptera, and classified the aedeagus into
four main types, as given by Jeannel and Paulian (1944).
They are trilobate type, articulate type, vaginate type and
annulate type. As the male genitalia of Dytiscidae,
Gyrinidae and Hydrophilidae fall under the trilobate and

articulate types of aedeagus, it would be important to review

the structural details of these two types here,
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The trilobate type of aedeagus is symmetrical with
well-developed and sclerotized basal piece; median lobe
(penis) and basal piece firmly fixed together by the first
connecting membrane. This type is similar to the byrrhoid

type of Sharp and Muir.

The articulate type of aedeagus is usually asymmetri-
cal with the basal piece unsclerctized or often seemingly
absent; lateral lobes (parameres) articulating to the median
lobe (penis) by a true condyle. This type is similar to the

caraboid type described by Sharp and Muir,

Torsion of aedeagus has been noticed in Adephaga and
Staphylionoidea (Lindroth and Palmen 1956). Different obser-
vations have been made by authors with regard to its initia-
tion and the degres of torsion (Heberdey 1928, Jeannel and
Paulian 1944, Jeannel 1949 and 1955) in the different stages

during the life history of the insects.

Heberdey (1928), in Hydroporus ferrugineus (Dytiscidae)

found that at the time of emergence of imago from the pupa
the genitalia undergo a rotation through 225° in a clock-
wise direction, when seen from behind, Jeannel (1955) observed

torsion in the 'nymph' of Amblystogenium pacificum Pulz

(Carabidae).

In Galerucella birmanica Jac. (Chrysomelidae),

Verma (1958) observed the genitalia undergoing a torsion

through 180° during the post-embryonic development.
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Lindroth and Palmen (1756) write that the degree
of torsion of the aedeagus can be demonstrated, from the
course of the two main tracheal stems. "In most Adephsga',
they point out, "there may be a difference of about 90° in
the respective positions of the organ when in repose and in

SoEivity,

Wood (1952) observed the homologies of the copulatory
apparatus in male Coleoptera and, from among the aquatic
Coleoptera Rhantus (Colymbetinae: Dytiscidae), Hydrous, and

Hydrophilus (Hydrophilidae) were considered,

Pruthi (192L) studied the post-embryonic development
and homologies of the male external genital organs of Tenebrio

molitor.

Khurana (1964 ) described the aedeagus of a few species
of Dytiscidae, Gyrinidae and Hydrophilidae. Further, she
studied their inter-relationship with other families. In her
studies in Adephaga, she found the basal piece as gradually
reducing in Gyrinidae, Haliplidae, Dytiscidae, Cicindelidae

and Carabidae.

Muir (1919) gave a few informative remarks on the
male genital tubes and the manner of their functioning. A
few details relating to muscles in a couple of 'ring types'
were also given, In a comparative study of the musculature
of the male external genitalia of the Coleoptera, Pu (1938)

has included Cybister japonica and Hydrophilus acuminatus

from Dytiscidae and Hydrophilidae respectively. According
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used to penetrate the hard tissues of plant, Snodgrass
(1935) mentions that female insects in which ovipositor is

absent have telescopic arrangement of their posterior abdomi-

nal segments.

As to the origin of ovipositor, there are two theories.
One theory by Verhoeff (1896-1902) states that the ovipositor
has originated from abdominal limbs; second theory by Heymons

(1896-1899) states that they arise from the sternum.

Interesting observations on the anatomy, the biological

adaptations and the mechanism of the ovipositor in the various

genera of Dytiscidae were made by Boving (1913).

Tanner (1927), in his paper on a preliminary study of
the genitalia of female coleoptera, described the genitalia
of 125 genera representing 66 families, He gave the family
characters based on the study of three representatives from

Dytiscidae, one from Gyrinidae and one from Hydrophilidae.

Young (1963) also gave a brief description of the

ovipositor of Laccophilus inagna and L., guadrilineatus, and

Jackson (1958) presented an account of the oviposition in
some species of Agabus (Dytiscidae). In 1960, Jackson
presented a detailed description and diagrams of the female

genital complex of Ilybius fuliginosus Fabr. A sclerite

homologous to the valvula (vide Scudder 1961a) has been

described by her as ovipositor blade,

Scudder (1961a) published an account on the compara-

tive morphology of the ovipositor and the homologies of its
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structures in the various orders of Insecta. He made no
reference to that of Coleoptera, probably because of the
general opinion against the presence of an ovipositor in
Coleoptera. Scudder (1961a) states that in insects other
than Machilidae, the female genitalia have a common plan

(Snodgrass 1935).

After a careful examination of the studies of Tanner
(1927) Michener (1944) and Scudder (1960, 1961 and 1964), it
is found that the sclerites viz., valvifer, coxite and
gonocoxa (vide 1 of the Table I) are homologous and hence
are synonymous. However, the term coxite of Tanner (1927)
is a homonym to the coxite described by Michener. The
"coxite' which Tanner applied to the coleopterans is actually
homologous to the valvula or the gonapophysis (vide 2 of the
following table of synonyms)., Since it is a homonym on the
one hand and Synonym on the other, it is bound to create
confusion. Therefore, I am disinclined to regard the term
'coxite' used by Tanner. However, since it is homologous to
the valvula, a sclerite following the valvifer (Michener
1944 ), I find the term valvula can be used in Coleoptera as
well, From the above analysis of the literature it is, now,
clear that the valvifer and the valvula of the ninth segment

of Coleoptera are homologous to those of Arthoptera, Odonata

and Hymenopters,
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Table I . Synonyms of female genital sclerites

1. Valvifer (Tanner 1927 : Coleoptera;
Michener 1944 : Odonata and Hymenoptera)
Coxite (Michener 1944 . Thysanura)
Gonocoxa (Scudder 1960, 1961 and 1964 : Thysanura,

Orthoptera, Hemiptera, etc.)

2. Coxite (Tanner 1927 : Coleoptera)
Valvula (Michener 1944 : Odonata and Hymenoptera)
Gonapophysis (Scudder 1960, 1961 and 1964 : Thysanura,

Orthoptera, Hemiptera, etc.;
Michener 1944 : Thyseanura)

Male and Female Internal Reproductive Organs

One of the important contributions made in the past on
the internal reproductive organs of coleopterans is that of
Dufour (1825). Demandt (1912) presented a comprehensive

account of the reproductive organs of both the sexes of

Dytiscus marginalis.

An intensive review of insect gonads was published by
Deegener (1928) and Depdolla (1928). These books together
with that of Gross' (1903) monograph include literature prior
to 1920, Krausse (1946) gave an account of the structure of
the reproductive organs of the wood-eating beetle, and his

paper also contains a review on the structure of the gonads,

Williams (1945) observed the morphology of the repro-
ductive organs of 27 species representing seven superfamilies

and twelve families of Coleoptera. Indeed I appreciate his
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remark that a complete study of the reproductive organs from

too old or dried specimens cannot be made satisfactorily.

Khurana (1364) studied the reproductive organs of
beetles belonging to twenty families, Among the aquatic
coleoptera she considered two species from Dytiscinae !
Dytiscidae, one from Haliplidae, two from Gyrinidae and two

from Hydrophilinae : Hydrophilidae.

Internal Male Reproductive Qrgans

Sharp and Muir (1312) divided the 'genital tube' into

two parts:

1. A pair of seminal ducts leading from the testes forms
the zygotic portion. This portion with certain glands
opening into it was considered to be mesodermal in
origin.

2. A long, single, highly irregular tube, folded back and
joined to the body wall, forms azygotic portion. This

portion along with certain glands are ectodermal in

Escherich (189)) believes the male genital system of

Carabus is an eXample of the most simplified type, Hydrophilus

a more complex type, and Blaps somewhat intermediate form.

Bordas (1900) divides the testes in Coleoptera into
two main types:
1. those with a simple, tubular testes, and

2. those with a complex testes.
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Bordas (1900) has further divided the complex testes
of beetles into two kinds namely, fascicular testes and

cluster or grape-like testes.

The testes, accordings to Virkki (1957), is represented
by a pair of 'solid slender cylinders' in lower adephagid
families . the Carabidae, Cicindelidae, and Dytiscidae. 1In
hydrophilids it is possibly derived from a cylindrical testes

by the formation of radial ampules (Virkki 1957, p. 273).

Snodgrass (1935) and Wigglesworth (1965) described
that each testes follicle is divided into a succession of

zones, They are:

1. germarium or zone of spermatogonia
2. zone of spermatocytes

3. zone of maturation or reduction, and
L

. zone of transformation.

Blunck (1912), in his studies on the morphology and

physiology of the Dytiscus marginalis explained the formation

of spermatophore within the median lobe, Muir (1919) writes
that the Dytiscidae, Haliplidae and Pelobiidae produce sper-
matophores in a similar manner as in Dytiscus. According to
him the presence of a funnel shaped median lobe, large median
orifice and the absence of a specialized internal sac suggest
the production of spermatophores by the beetles having them.
In Gyrinidae the median lobe is not funnel shaped and probably

for this reason spermatophores are not produced.

Bordas (1899, p. 540) has pointed out the existence of

two completely separated ejaculatory ducts in certain longicorns.,
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Bordas considers that this furnishes an argument in favour
of the theory that the terminal parts of the canal were primi-
tively of paired origin, It is possible, however, that this

feature is of secondary origin, brought about by the reduction.

Heberdey (1928) choose Hydroporus ferrugineus

(Dytiscidae) as primitive type for a study of the development
of the male genital system. The male reproductive organs of
the genus Rhantus (Dytiscidae) were also studied by him in

the same year.

Escherich (1894) made a study of the male reproductive
organs of three beetles representing three families. Hydro-
philus piceus (Hydrophilidae) is one of them and is said to
be having complex type of reproductive organs, With reference
to accessory glands the most generally accepted view is the
division by Escherich into two categories viz. the mesadenia
and ectadenia. The mesadenia are those derived from mesoderm
and lack intimal lining; the ectadenia are those derived from
ectoderm and with chitinous intima. Escherich's work is later
confirmed Dy Blatter (1897). This terminology of Escherich
was subject to criticism by Bordas (1899), who pointed out
that since Very little is known as to the origin of these
glands, the application of these terms cannot be justified.
Instead, heé preferred to call them 'accessory' or 'annexed
glands'. Bordas (1898-99) is of the opinion that where one
or more pairs of glands exist, they are mesodermal origin,
Pruthi (1924), Nussbaum (1882) and others regard all glands

as having been derived from ectoderm, Later Snodgrass (1935)
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The number ol ovarioles in an ovary varies greatly in
different insects (Snodgrass 1935). Robertson (1961) in his
review work compiled a list of ovariole numbers in 329
species belonging to 45 families of Coleoptera. The list
reveals that the polytrophic adephaga have a range of 4-40
ovarioles. Robertson listed one or two examples from a few
subfamilies of Dytiscidae and Hydrophilidae and one example

from each of Noteridae znd Gyrinidae,

Heberdey (1931), perhaps, is the first to have reported
the presence of two genital openings among Coleoptera.

Heberdey observed these openings in Hydroporus ferrugineus

Steph (Dytiscidae) lying one above the other; the upper one
leading into the bursg copulatrix and the lower into the

vagina.

Again it is not uyntil 1960 another such report was made.
Jackson (1960) observed two genital openings in two more genera
(Ilybius and Agabus) of Dytiscidae and she writes, 'It would be
of interest to know how widely spread the two genital openings
are amongst the Hydradephaga'. So far I have not come across
another report of this nature. Jackson further writes,

"Heberdey found that the two genitsl openings in Hydroporus,

arise as a SecCondary division of the lumen of the already
amalgamated 'Anlage' of the eighth and the ninth segments, the
single lumen becoming separated by the formation of a side

wall upto the orjifjcer,

Lindroth and Palmen (1956) write that in Coleoptera

two main types of female genitalia can be distinguished, They

are.;
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1. The saccular type : without separate bursa copulatrix.

2. The tubular type : with separate bursa copulatrix,

usually combined with the development of an ovipositor.

Demandt (1912), and Korschelt (1923-24) presented a
detailed structure of the reproductive organs of male as well
as female European Dytiscus. The morphological studies on
the reproductive organs of an Indian Cybister were made by

Sidhu (1960b) and he pointed out certain important differences

with that of Dytiscus.

Datta Gupta and Kumar (1963) described and figured the
morphology and histology of the female reproductive organs of

nine beetles belonging to six families. Hydrophilus (Hydro-

philidae) is the only representative in this paper from

aquatic coleoptera,

Accessory Copulatory Structures (Sexual dimorphic structures)

These structures are developed in the males and are
used mainly for holding or coupling the female during coitus.
Miall (1912) writes that the males of many land beetles
(Carabidae, Cicindilidae, Silphidae and Meloidae) as well as
the male dytiscids and hydrophilids possess adhesive suckers
in the tarsomeres, They occur on the widened basal three
tarsomeres 1in Dytiscidae. According to Miall, 'Their restric-
tion to males at once suggests that they are accessory repro-
ductive organs', 1In some dytiscids these structures arose on
the forelegs only, while in others on the middle legs too,

though less prominent., They are called adhesive pads,



< 18 >

Simmermacher's (1884 ) memoir contained a very good
account on the 'suckers of insects in general and especially
Dytiscus. He reports 170 sucking hairs on each foreleg and

1,590 on each middle leg of Dytiscus marginalis (Dytiscini

Dytiscidae). While discussing over the circular sucker of
foretarsus, Miall writes, 'A similar structure is visible,
though much less prominent, in the middle leg of the male’.

But in Cybister tripunctatus asiaticus (Cybisterini), Datta

Gupta and Sidhu (1958) did not report the presence of such a
sucker or disc in the tarsus of middle leg, They described

the sexual dimorphism in the foreleg.

Miller (1963) presented the sexual dimorphic character

in Paracymus tarsaglis which is peculiar from many other hydro-

philids by possessing an acute tubercle on the terminal tarso-

mere of male.

Bachmann (1959 and 1966) illustrated the forelegs bearing

the sexual dimorphic structures in Andogyrus seriatopunctatus

and A. anta respectively (Gyrinidae).

The eXperimental observation on Dytiscus by Lowne (1871)
and Blunck (1912) have removed certain misgivings as to the
mode of adhiesion of the cupules (suckers) to smooth surfaces.
Lowne (Miall p. 55) reports the presence of a large sac filled
with gelatinous fluid in the cavity of the tarsus. He further
states that this fluid travels through the hollow cupules to

the area of contact and facilitates adhesidn.

Characters of the accessory copulatory structurss have

been used as an aid in the classification of higher categories
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of the Dytiscidae by Crotch (1872-73) and Kuhnt (1911).

Taxonomy

The order Coleoptera is divided into two 'natural
groups' viz., Adephaga and Polyphaga (Crowson 1960, Imms 1963).
The Dytiscidae and Gyrinidae are included under Adephaga while

the Hydrophilidae is included under Polyphaga.

Based on the characters of the aedeagus Sharp and Muir
(1912) grouped Dytiscidae, Carabidae etc. under Caraboides

or Adephaga, and Gyrinidae, Hydrophilidae etc, under Byrrhoidea.

Later, Tanner (1927) on the basis of the characters of
female genitalia, grouped Hydrophilidae under Caraboid series

along with Dytiscidae, Gyrinidae, etc,

Essig (1947) grouped Dytiscidae along with Cicindelidae,
Carabidae, Amphizoidae and Haliplidae under superfamily
Caraboidea. Under the Gyrinoidea he included only one family
i,e. the Gyrinidae, 1In this connecton Khurana (1964) writes,
'Evidently there is some similarity in their internal repro-
ductive organs. But a careful consideration of the external
genitalia in these families would reveal that these families

deserve independent status under the suborder Adephaga'.

One of the oldest classifications of dytiscids was that
of Crotch (1873), in which the haliplids were included as a

subfamily of Dytiscidae.

Sharp (1882) included the dytiscids under two great
series viz. 'Dytisci fragmentati' with three subfamilies and

'Dytisci complicati' with six subfamilies,
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Lefroy (1909) presented a list of the Indian water
beetles under a classification which differs from that of
Sharp (vide supra). There is a considerable rearrangement
of the groups. The tribes Hydroporini, Methilini which were
subfamilies in Sharp's classification are reduced to tribes.

The Dytiscinae is probably reduced from its status.

Kuhnt (1911) accepted no subfamilies and, listed only
five tribes under Dytiscidae. Later Zimmerman (13920) and

Leech (1948) raised these tribes to subfamily level,

The study of Balfour-Browne (1940) (as adopted from
Vazirani, 1968) on Dytiscidae of British Isles is a review
type. His conclusions on the relationships are given in a
chart which stresses the distinctness of Noterinae (Leech
19,8). Leech (1948) correctly writes, 'there is at present
no unanimity among authors as to the higher categories in the
Dytiscidae. Two best known systems proposed are those of
Sharp (1882) and Zimmerman (1920 and 1930-35)'. The position
is not different even now. This is evident from the following
literature. Leech writes that he is not in agreement with
all the Z2immerman's grouping of Dytiscidae, but at the sub-
family level he seems to be in full agreement with Zimmerman.
Brues, Melander and Carpenter (1954) favoured the classifi-
cation of Sharp (1882), But they excluded the great series

proposed by Sharp,

In a recent publication Vazirani (1967) followed

Zimmerman's classification upto subfamilies.
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A review of the classification of Gyrinidae and
Hydrophilidae is omitted owing to inadequate number of species
examined from these families. These species are, nevertheless,

of great morphological interest.



CHAPTER 1II
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MATERIAL

Altogether 21 species have been studied.

The beetles have been collected from the local water
tanks, a few, however, have been picked which were attracted
to street lamps. Almost all the dytiscids and hydrophilids
are photopositive and can be located near fluorescent street
lamps. Except Qgglostoma stultum, almost all could be
obtained from the cemented reservoirs, the bottom of which
contain mud and organic ooze as sediment, The beetles

viz. Guignotus, Hyphydrus flavicans and Berosus were

located mainly in the mud scooped from the shallow cemented

tanks., Copelatus sp. were found near the street lamps.

List of the Species Examined

FAMILY DYTISCIDAE

Noterinae

Hydrocanthini
Canthydrus laetabilis Walk.

Laccophilinage

Laccophilus sharpi Regimbart

L, flexuosus Aube

Hydroporinae
Hydrovatini

Hydrovatus acuminatus Motschulsky
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Bidessini

Guignotus sp.

Hydroporini

Herophydrus musicus (Klug)

Colymbetinae

Copelatini

Copelatus sp.

Dytiscinae

Eretind

Bretes sticticus (Linn,)

Hydaticini

Hydaticus luczonhicus Aube

Cybisterini

Cybister tripunctatus asiaticus Sharp

FAMILY GYRINIDAE

Enhydrini

Dineutes unidentatus Aube
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FAMILY HYDROPHILIDAR

Sphaeridinae
Sphgeridiini

Coelostoma stultum Walk.

Hydrophilinae

Hydrobiini

Paracymus evanescens (Sharp)

Enochrus sp.

Hydrophilini

Sternolophus rufipes (Fabr.)

Hydrous indicus Bedel

H. senegalensis Perch

Berosini

Berosus indicus Motschulsky

B. pulchellus M'Leay

B. nr, nigriceps (Fabr,)
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METHODS

In the laboratory the live specimens which were
collected from different places were kept.in the aquarium
(6' x 2' x 2') containing small gastropods, tadpoles, small
frogs and some water plants. The dissections were made within

five days after each collection.

To study the internal reproductive organs of males as
well as that of females, the abdomen of fresh beetles was
separated from the thorax, then carefully dissected under the
sterioscopic dissection microscope at a desired magnification,
The magnifications ranged from fifteen to a maximum of one

hundred and twenty times the actual size.

The method employed for the study of the organs in
minute beetles are as follows: The abdomen was fixed in
aqueous Bouin's fluid for about five minutes. From the fixed
material the tergal plates and the alimentary canal, which
lie dorsal to the internal reproductive organs, were carefully
removed. The entire genital system is removed from the
abdomen and stained with 0,5% fast green for about 10 seconds
and transferred into cavity slide containing a few drops of
glycerene. Tracheoles and other unwsnted structures associa-
ted with the genital system were removed under the dissection

microscope.

The aqueous Bouin's fluid makes the transparent and
very thin and flexible organs opaque and firm. This makes

it easy to distinguish reproductive organs from the tracheoles,
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fatbody and nerves. Staining with fast green facilitated
visibility of the reproductive organs even after transferring
to glycerene, and the transfer to this thick fluid has been
extremely useful in the physical manipulation of the structures

under the microscope.

The beetles for histological studies of the reproductive
organs were vivisected in physiological saline solution. The
reproductive organs were carefully freed from the thick
tracheal tubes taking care to prevent the ovariole sheeth from
being damaged. Alcoholic Bouin's fluid and 6% formalin at
L,0°C were used for fixing the tissues. The ovaries were
dehydrated as usual in alcohol but cleared in methyl salicylate
or benzene. Xylol is found to be unsatisfactory for this
purpose as it greatly crumples the ovaries and makes it diffi-
cult for a detailed study. Tissues other than the ovary have
been cleared in xylol., All the tissues were prepared for

sectioning 1in the conventional manner, the sections were cut

at 5.

Regarding the protrusion of the female genitalia
Jackson (1960 p. 41) says, "When pressure is exerted upon the
abdomen (and sometimes also when the female dies a natural
death) the vagina is everted ......", In the present work
the above method has been employed for the study of the female
genitalia very satisfactorily. However, on many occasions,
I left these dytiscids after killing by chloroform, in water
for one or two days, Probably due to ingres of water the

insects were swollen and as a result of the pressure created
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inside the body the genitalia were found ejected out in

many insects. Occasionally a slight pressure on the abdomen
was necessary in order to completely bring the genitalia out.
This method was particularly employed to study the position
of the bursa copulatrix, vagina, and the location of their
external openings., For a clear visibility aqueous Bouln's
fluid was poured drop-by-drop on the protruded genitalia till

they were sufficiently discernible for description.

Whenever necessary both male and female genitalia and
the legs bearing the sexual dimorphic structures werse boiled
in 10% potassium hydroxide till they were sufficiently clear
for a detailed study of the structures, These were then washed
with acid water and tap water before making temporary glycerene
mounts over the cavity slide, Very transparent structures

were, however, stained with fast green before mounting.
) g

The figures were drawn to scale with the aid of camera
lucida. There are a few free hand drawings giving the arrange-

ment of the organs, inside the body.

TERMINOLOGY

Aedeagus:
Copulatory organ of male usually consisting of

basal piece, median lobe and lateral lobes.

Basal piece:

Unpaired proximal part of tegmen, usually

sclerotized,
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Endophallus:
Internal tube of median lobe invaginated at the end
of the median lobe, receiving ductus ejaculatorius
at the anterior end (primary gonopore) and opening
apically through phallotreme (secondary gonopore).

May be eversible or a permanently phallic structure,

Lateral lobes:

Distal portion of the tegmen. In a generalized tri-
lobe -type they form two free lateral processes to the

median lobe,

Median lobe:
Apical, unpaired part of copulatory apparatus (aedeagus)
containing terminal portion and orifice of ejaculatory

duct.

Ovipositor blades (Ovipositor):

Functional sclerites which aid in depositing the eggs.

Paraprocts (o and 9):

Lateral or latero-ventral sclerites of the anus

derived from the proctiger or the IX tergum.

Proctiger (o and 0):
IX tergal sclerite dorsal to the agnus among the

beetles studied.

Sternites

A sclerite of the divided sternum,
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Sternum:

An entire undivided ventral plate of a segment.

Tegmen (o0 ):
Compound sclerite proximal to median lobe., Usually

divided into basal piece and lateral lobes (parameres),

Tergite:

A sclerite of the divided teréum.

Tergum:

An entire undivided dorsal plate of a segment.,

Vaginal Sclerites:
Paired or fused sclerites reinforced on either side
of the vagina as in Ilybius (vulval sclerite, Jackson

1960), and Laccophilus (saw-like structure projecting

from the meso-posterior margin of the eighth sternite,

Tanner 1927),

Valvifers (g):
A palir of sclerites articulating or fusing with the

base of the valvulae.

Valvule (Q):
Sclerite extending posteriad from the corresponding

valvifer.

Vulva (9):

Gonopore (genital opening) of the genital chamber or
vagina through which egge are laid during oviposition

and median lobe is received during copulation,




CHAPTER TIII
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ABDOMINAL SEGMENTATION

For the purpose of convenience the segments of the
abdomen are grouped into visceral and genital segments
(Snodgrass 1935). Those abdominal segments which are not
modified in the formation of genital complex are visceral,

while those modified so are genital segments.

The total number of segments is nine. There are
eight externally visible terga (Pl. I, Figs. 1,56 and 8),
each with a pair of distinct spiracles., These terga are
non-rectractable (Imms 1963). On the ventral surface,
the abdomen has generally six visible and non-retractable
sterna (Figs. 2,3,4, etc,)., The 1st sternum is absent in
all the species of Dytiscidae, Gyrinidae and Hydrophilidae,
a condition common to Coleoptera (Jordan 1943, Imms 1963).
The 6th visible sternum is the true 7th sternum. Except
in gyrinid, the eighth segment is partially retracted into
the abdomen. The ninth segment completely retracted into

the abdomen in all the species studied.

A few of the anterior sterna are fused sometimes
letting them appear as a single sternum (Pl., I, Figs. 2,4,
9,10 and 12). However, in many cases these are distinguished
from the subsequent sternum by a distinct suture. With
the exception of Telophoridae (Jordan 1943), the fusion
of a few anterior sterna is a general feature of Coleoptera

and other higher orders (Snodgrass 1935).
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The eighth segment is generally divided into
tergites and sternites in Dytiscidae, and such a division

is absent in Hydrophilidae.

The genital segments are either partially reduced
as in some dytiscids (i.e. Hydroporinae) and the girinid,
or greatly modified as in Laccophilinae and Dytiscinae

(Dytiscidae), and Hydrophilidae in general,
The Table IT is self-explanatory in nature and

gives an account of the abdominal sclerites.

Explanation of the abbreviations_and the signs of the
Table II:

B Partially divided along the axial line

D Divided along the axial line

P Proctiger

PP Modified to form paraprocts

R Retracted or invaginated into the abdomen

VF Modified to form valvifers

& Present

foee+ ImMMOVably or firmly articulated sclerites

+———+ Sclerites fused, suture either partly or fully
obliterated

+qQ Sternum bearing a posteriorly directed thick

spine (Sexusl dimorphic structure)

= Absent



TABLE IT:. Number of
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terga and sterna in the abdomen of the male and the female beetles

Terga

I

IT IIT 1Iv Vv

VI VII VIII

IX

Species Sex Remarks
Sterna 1 2 3 4 5 g % 8 9
DYTISCIDAE
Cagthgdgg§_ Terga 1 + + + + + + + *R P VIITI tergum with median
aetabdl_is Male longitudinal groove
(Pl. T, Sterna - @ 4. —
Figs,1 and 2) ¥ ¥ * 'RD R
Terga + + + + + + + *R DP PP VII1 tergum with median
Female longitudinal groove
Sterna - Foemeees e + + + +p D o yF
Laccophilus Terga + ¥ + + & ¥ + ) *R P
flexuosus Male
L. sharpi Sterna - S RTRERD R — + + + R D +R
(Pls I,
. Terga + + + + + + + + +
Fig. 3) P L D R I PP
Stel"na = e ¢ He———f + + + +R D +R D V-F
Hydrovatus Terga £ + + + & + + +q - VIII tergites elongate
acuminatus Male and attenuated posteriorly
Motschulsky
Sterna - drearnne i + + + o | +p
Terga + + + + + + +g - --do-~
Female
Sterna - B + + R D *R
dyphydrus Terga $ + + +p 2
flavicans Male
Sterna od———} & + + +
R D R
(Pl. I, Q
Fig. &4)
Terga + + + + + + +p -
Female
Sterna - E SN S + + + +R D +*R VF
Guignotus Terga + + + + + + + *q -
' Male
Sterna -~ , — — + + + *Rp *R Non-retracted sterna dary
brown
Terga + + + + + + + +D -
Sterna - doernens —t + + + *R D R VF
Herophydrus Male Terga + + & + o+ o+ 4 = )
mus 1 ous Sterna e + + + *Rp *Rr Non,retracﬁable Sterng
dark Dbrown
Terga + + + + 9 =
Female
Sterna - LY Sp— + + + +R D *y YR
Terga
Copela®¥= Male ' A S
Sterna
(Pl. - + ... + + + 4.-;{ D +R
Fige g
victicus Terga
Eretes AT Male = Tt T YRp D
P Ls a7 Sterna . ~ . N " &
et wad ¥ * 'RD o+
Terga 3 a3 * + + + + 2
Female Sterna . R + + <+ +RP D
e s o R e e e e T
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T
Species Sex erga I I IIT IV VvV VI VII VIII TX Remarks
Sterna 1 2 3 4L 5 & 79 8 9
Hydaticus Terga + + + + 4 + + i +
Tuczonicus Male D RP D
Sterna - R T ¥ + 2 ‘R p R
Terga + + + + + + + + +
Female D RP D
Sterng - S — Fotainnee + + + + +R D +R VF
Cybister Terga + + + + + + + +p *RP D
tripunctatus Male
asiaticus Sterna - T O SRS + + + *R D *R
Terga + + + + + + + + +
Female D RP D
Sterna - S SRR va— + + + *R D *R VF
GYRINIDAE
Dineutes Terga + + + + + + 4 + .
unidentatus Male
Sterna - O + + + + +p 8th sternum undivided and
(Ple I, non-retractable
Figs.8 and 9)
Terga + + ) % 4 & 5 + -
Female
Sterna - et + + + + R VF 8th sternum undivided and
non-retractable
HYDRQPHILIDARE )
Coelostoma Terga + + + + + + - + *Rp Paraproct present
stultum Male
(AS in P1l. I, Sterna - - = PR CORpm—— I e +R +R
Fig. 11)
Terga + B + + + + + + +pp Paraprocts present
Female
Sterna - - B RECTITES TTDPIRE SRR +p *R VF B
Paracymus Terga + + + + + + + 4 *Rp Paraproct present
evanescens Male
(P1l. T, Fig. 10) Sterna - A R deeeee deonenns + *R +p
Terga + + + + + + + 4 +Rp Paraprocts present
Female
Sterna - L CTITIE MO YOS +p *RUF B
Enochrus Terga + + + + + + + +gp Paraproct present
’ Male
(Pl. T, Fig,11) Sterna - - et g %
| R R
t
Terga - + + + + + =" + + Paraprocts Presen
Female ' RP
Sterna - - s kit ik Rmemmcemndly g *R VF D
resentk
Sternolophus Terga + + + + + + + 4 tgp P Braproct war:;:::khmnA
Tufipes Male N 9th sternumm;;branqhﬁly"
Sterna - PR N R R divided by zg’ne
resent
S Paraprocts P
Terga 4+ . * + * * b N
Female PSP *R VF D
Sterna . -
& Paraproct present
x * + * RP
S
Hydrous indicus Terga & N P, +R *R
. . Male e Anene *
H. senegalensis Sterna - " Paraprocts present
\ (P1, T, Fig, 12) 2 % + + + RP
Teraga + A B LTI R *R VF D
Female TPT — Paraproct present
¥ + + * + * +RP p o
A
.‘p
ESEQEEE indicus reres O At S MR ittt *R R
5. pulcheiiys  M2'° Sterna ~
B. n : + % Paraprocts present
l-_ ry nigriceps 3 . + + + + + + RP
erga
\ i ammmncfinanamefirsrsn o wsmnon + *R VF D
femal® Sterna - A h
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EXTERNAL GENITALIA OF MALES

Family Dytiscidae

Species examined:

Canthydrus lzetabilis Walk.,

Laccophilus sharpi Regimbart

L. flexuosus Aube

Hydrovatus acuminatus Motschulsky

Hyphydrus flavicans (Regimbart)

Guignotus sp.
Herophydrus musicus (Klug)

Copelatus sp.

Eretes sticticus (Linn)

Hydaticus luczonicus Aube

Cybister tripunctatus asiaticus Sharp

In all the dytiscids studied the VIII tergum is the
last visible sclerite of the nonretractable terga. Tt is
demarcated into two sclerotized patches by a median thin
longitudinal strip of desclerotized zone., The 8th sternum
;s retracted into the abdomen and is not visible externally.
Tt is divided into two distinct sternites and both these
sternites remain connected by an intermediate membrane, But
in Copelatus and all the Dytiscinae their anterior margins
are confluent and bordered. The ninth segment is entirely
retracted into the abdomen and greatly varied. The IX tergum
is not sclerotized in some members of the Dytiscidae. But
in dytiscids where it is present, it is often divided into
two sclerites, The 9th sternum is present in all the

dytiscids studied, and show considerable variation.
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The basal piece (BP) is reduced or in some species
absent. The median lobe (ML) is hollow, usually arcuate with
an anterior or antero-dorsal median formation (MF). The
laterasl lobes (LL) are largely connected to an articular
process (CON) (true condyle as described by Lindroth and
palmen 1956) of the median lobe., The distzl tip of the

lateral lobe is often provided with setae (S).

Measurements:

Abbreviations used for the structures measured are
given below. The setae or spines at the extremities of the
insect parts are excluded from the measurements, The measure-
ments of both the lateral lobes are given only when they are

unequal. All the measurements are taken in millimetres.

Key to the abbreviations used in the text:

IL Insect length
Iw Insect width
EL Elytral length

AE L Length of aedeagus

L ML Length of medial lobe

L LL Length of lateral lobe

L EDL Length of eu-dextral lateral lobe

L ESL Length of eu-sinistral lateral lobe

Subfamily : Noterinage

Canthzdrus laetabilis Walk. (P1, IT, Figs. 1 to 4)

IL 2657 Iw 1,32 EL 1.84
L, ML 0.52 L EDL 0,28 L ESL O.24

The IX tergum forms an oval ring around the aedeagus,

The 9th sternal plate smaller and sclerotized, lie ventral to
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gedeagus and extends slightly behind the IX tergum. The 9th
sternum with six prominent spine-like setae on the posterior

marzgin. Its anterior edge oblique (Fig. 1).

The aedeagus 1/5 length of the insect length, asym-
metrical and exhibits torsion of 90°. The entire aedeagus
inclined rightward and crescentic. Bassl piece absent. As
a result of the inclination of the aedeagus the left lateral
lobe comes to lie dorsad while the right one ventrad, The
eusinistrzl (original left) lateral lobe triangular with
rounded ccrners, and its euventral edge inflected (Fig. 2).
The lateral lobe articulates with its narrow end to the
proximal region of the median lobe and lacks setae on the
posterior margin, It, however, bears about a dozen short
spine-like setae, at about the middle of its posterior half,
The eudorsal lateral lobe differs from its counterpart in
being broader at its anterior end and narrow posteriorly.
Its antero-euventral margin produced into a long and narrow
projection (Fig. 3), The posterior edge bears a large
number of long setae (s), probably sensory in function,
Inner surface of this lateral lobe bears an obliquely placed
spatulate structure around which globular bodies are present,
The eudextral lateral 1lobe articulates with the basal

articular process of the median lobe,

Median lobe (Fig. 4) arcuate, somewhat flattened and
grooved. A small basal articular process present, The
groove of the median lobe shallow with anteriorly directed

minute spines (SPN) at its posterior end. The antero-

euventral margin of the median lobe produced into a process,
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The process somewhat rectangular and directed anteriad. The
medizn lobe bears four distinct crenulations on its euventral
surface, The median lobe broader posteriorly before narrowing

to form 2 round {blunt) tip.

Subfamily : Laccophilinae

Laccophilus shearpi Regimboart (Ple II, Figs. 5 to 8}

IL 3.88 IW 2.1C EL 3.14

L ML 0,98 LL 0.40

The 8th sternites triangular, IX tergum large,
posteriorly narrow and bifid; anteriorly wide unequally
bifurcated and inflected downward so as to lie ventral to
the proximal portion of aedeagus, thus encirculing the aedeagus.
The 9th sternum smaller than the corresponding tergum, attached
to the posterior margin of the inflected tergum (Fig. 5); on
the inner surface with a longitudinal groove, or the corres-

ponding outer surface a wedge; tip acicular,

Aedeagus about 1/4 the body length, asymmetrical and
exhibits torsion of 90°., The entire aedeagus inclined right-
ward and arcuate; basal piece absent; lateral lobes about
half the length of median lobe, laminate; eu-sinistral lateral
lobe (Fig. 6) cordate in outline, its ventral margin not
entirely concave; and the articular process is actually at
the anterior one-third of that lateral lobe; eudextral
lateral lobe (Fig. 7) slightly longer than that of eusinistral
one, and arcuate; the articular process of eudextral lateral
lobe ariseés from the middle of the euventral margin; both the

lateral lobes have a thin tuft of equally long hairs (S) at

their distal end.
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Median lobe (Fig. 8) completely sclerotized stout
arcvate, left margin concave; anterior end forked forming
apodemes, median formamen antero-eudorsal, distzl end with
conspicuous emargination, a ridge (or carina) traverses from
the base of median foramen (MF} on the eudorsal surface to
the distal extremity on the eusinistral surface. At the
distal one-third of the eusinistral surface is a narrow patch

of closely set minute setae, The gonopore (GPR) is terminal,

Laccophilus flexuosus Aube (Pl, II, Figs. 9 to 12)
IL 431 IW 2.2k - EL 3.50
L BL 1.0z LL 0.42

The structure and position of the ninth segment
(Fig. 9) to a great extent is similar to that of L. sharpi

Regimbart.

Aedeagus about 1/4 the body length, torsioned (90°)
and not so asymmetrical as that of L. sharpi Regimbart; basal
piece absent; lateral lobes laminate not identical, inclined
rightward and less than half the length of median lobej
margins inflected and the inner surface thereby concave;
posterior tip with a tuft of long hairs, length of hairs in
eudextral lateral lobe shorter; anterior euventral margin
with an articulating process for the proximal end of median
lobe (Fig. 12) well sclerotized, hollow, elongate, arcuate,
and flattened; its concave margin i.e, euventral margin now
turned to the left side; carina absent; anterior end with a
pair of apodemes (termed aedeagal apodemes by Snodgrass 1935);

entrace of ejaculatory duct is eudorso-proximal. The euventro-
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distal margin emarginate; distal one-fourth part with a
number of dehiscently arranged minute black spines indistinct

even at x 100 magnifications; genital opening distal.

Subfamily : Hydroporinae

Hydrovatus acuminatus Motschulsky (Pl. II,Figs.13 to 14)

IL R.82 IWw 1.85 EL 2.80
L ML 0.84 LL O:€2

VIII tergites differ from all the rest of the species
in that they are longer than broad, and attenuated posteriorly;
gth sternites not distinctly sclerotized, IX.tergites
indistinct; 9th sternum resembles somewhat an inverted Y,
the two posterior processes unequal, the left one longer
than the right, and extend dorsally over to the apex of the

gedeagus (Fig. 13).

Length of aedeagus between 1/4 and 1/3 the body
length; aedeagus with no torsion, symmetrical. Basal piece
(BP) reduced and rod-like., Lateral lobes laminate, cover
the median lobe laterally; antero-ventral process of lateral
lobes meet each other and articulate with the ventral arti-
cular process of the median lobe; posterior end of the late-
ral lobe hook-like and the bend is ventro-mesad, apex acute,
Median lobe (Fig, 14) as usual hollow, dorso-ventrally
flattened (depressed), arcuate with ventral concave surface,
sclerotized laterally: the dorsal and the ventral surfaces
membranous; the dorsal surface grooved lengthwise; proximal
end bifid forming apodemes; distal tip acute, curved ventrally
and hook-like. Articular process (CON) of median-lobe well

sclerotized and with truncats tip. Two longitudinal rows of
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setae present at the distal one-third of the ventral surface
of the median lobe. Endophallus (EDP) distinct and with

rough surface. Gonopore (GPR) sub terminal.

Hyphydrus flavicans (Regimbart) (Pl., III, Figs.1 to 4)

IL  Lo45 Iw 2.80 EL 3.30
L ML 0.92 LL 0,77

Each of the 8th sternite (Fig. 1) narrow anteriorly
and broad posteriorly, forming an L-shaped sclerite with Dboth
the limbs of equal length. 1Its posterior margin fringed with
setae. IX tergum membranous and the corresponding sternum
very much reduced forming a thin semicircular ring around the

sedeagus,

Aedeagus (Figs., 2 and 3) about 1/5 the body length,
complex, bilaterally symmetrical, arcuate; no torsion; basal
piece absent; lateral lobes identical, distal half wide with
two or three curved ridges (Fig. 4), narrows posteriorly, tip
acute, posterior one-fourth of the ventral margin fringed
with setae. Anteriorly the lateral lobe is thin and divided
into two unequal processes; the inner process articulates
with the side of the median lobe slightly dorsad, the other
travels ventrad and unites firmly with its counterpart just
under the mid-ventrsl line of the median lobe., Median lobe
arcuate, with ventral concavity and dorsal convexity. The
anterior end is deeply bifid and the apodermal expansions
wide; the ejaculatory duct travels between these expansions,
The posterior end is four lobed; two large dorsals and two

small ventrals, each lobe fringed dorsally with small spine-
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like process, highly sclerotized and dark coloured. Ventral
surface of median-lobe bears a oval process, beneath which
the two lateral-lobes unite with each other. Gonopore on

the dorsal surface,

Guignotus sp. (PLl. III, Figs. 5 to 7)
IL 2.82 Iw 1.33 EL 2.03
L ML 0.56 LL 0.50

8th sternites triangular with rounded corners (Fig. 5);
IX tergites membranous, 9th sternum oval with a small median

strut (MS) encircling the aedeagus (Fig. 6).

Aedeagus (Fig. 7) about 1/5 the body length, exhibits

torsion of about 900. Basal piece (BP) as in Hydrovatus

acuminatus. Lateral lobes identical, slightly shorter than
median lobe, delicate and flexible at the middle, The

flexible middle portion less sclerotized and appear membra-
nous (M); anterior half laminate and broad, euventral margin
inflexed and articulate proximally to the euventral condyle

of the median lobe; posterior half of the lateral lobe thin

and margins inflexed forming a groove, thereby semicylindrical;
distal end spatulate and fringed with small setae, Lateral
lobes cover the medisn lobe and lie closely appressed on

either side of it,

Median lobe (ML) cylindrical arcuate, eudorsal surface
convex; two apodemes at the anterior extremity; median
foramen (MF) eudorso-proximal; ejaculatory duct (DEJ) passes
between the apodemes and enters median lobe on the antero-

eudorsal surface, euventral surface membranous at the middle
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region, attenuated posteriorly, the posterior one-fifth
of the median lobe on the eudorsal surface bears minute
anteriorly directed setae, tip rounded; gonopore apjyears to

be distal.

Herophydrus musicus (Klug) (Pl. III, Figs. 8 to 10)

IL 2.40 IW 1,65 EL 1,90
L ML 0.47 LL 0.37

8th sternites L-shaped (Fig. 8); IX tergites membranous,
Oth sternum thin and ring-like with no strut attached. Aedeagus
about 1/5 the body length, symmetrical and with no torsibn;
basal piece absent; Lateral lobe laminate, antero-ventral
corner elongated, porrect and beak-like, ventral margin
inflexed and elongated into a process at the proximal one-
third to meet the ventral knob of the median lobe. The
inflexed strip at the posterior half bears a single row of
setae., Median lobe somewhat cylindrical, sickle-shaped;
ventral surface concave, proximal end broad with a ventral
rounded knob to which lateral lobes articulate; median lobe
deeply bifid at the proximal end dorming a pair of apodemes.
Apodemes a little anterior to the condyle (CON) and median
foramen lies anteriorly between these three processes;
posterior one-fourth of median lobe attenuated, tip rounded;

gonopore terminal,
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Suofamily Dytiscinse
Eretes sticticus (Linn ) (Pl, III, Figs. 14 to 18)
TL 12.08 IN 6.62 EL 9.08

L ML 1.96 LL 2.26

£th sternites somewhat triangular, proximal margin
bordered and continuous (Figs. 14 and 18); ninth segment ring-
like and encircles the aedeagus; IX tergites triangular. The
IX tergites small distinct and bear the anus. 9th sternites
form a major part of the ring and join the tergites above the

posterior end of the aedeagus.

Aedeagus about 1/5 the body length, no torsion, symmet-
rical; basal piece (Fig., 16) dorsal to the median lobe, but
found underneath the tubular membrane thst cconnects the ninth
segment to the aedeagus, Its distal forked end fused with the
membrane. Proximal end depressed and serves for attachment;
1ateral lobes 0.3 mm longer than median lobe, margins inflexed
mesad giving grooved appearance, proximal end somewhat bicor-
nuate, antero-ventral cornu short truncate and meet its fellow
medially beneath the ventral knob (true condyle) of the
median lobe. Lateral lobes attenuated posteriorly, distal end
rounded and inflexed, Posterior one-third of each lateral
lobe on the outer surface bears a large number of short closely
set spine-like setae (S), those on the margin increasingly
larger towards posterior end., The inflexed margins of lateral
lobes connected with their counterpart by thick membrane
forming a sac. At the median posterior end, this sac further
thickened to form a somewhat sclerotized dorsally grooved
spatulate or tongue-like structure (Fig, 7). Thin antero-

mesally directed spine-like setae present in and on either
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side of this groove, This conjunctival membranous sac

lies aoove the median lobe and hence described as dorsal

sag (D8] .

Median lobe (Fig., 15) narrow and elongate slightly
inclined to the right; proximal extremity forked forming
apodemes while thét of distal end bifid; median foramen (MF)
mid-dorsal, two highly folded membranous sacs (SCM) arose
from its dorsal surface and lie underneath the bigger dorsal
sac, posterior end of this sac attenuated and one-fourth of
the posterior end of this sac fringed with microtrichia (MT) ,
and extend beyond the median lobe; tip acute collapsed and
depressed when at rest. The lumen of these sacs continues
into that of dorsal sac. Two chitinuous strips, probably
skeletal supports of the ejaculatory duct, extend from the

median foramen. Gonopore subterminal and opens ventrally.

Hydaticus luczonicus Aube (Pl.III, Figs. 19-21;
Pl. IV, Figs. 1 to 2)

IL 13.83 W 7.69 EL 11,01
L ML 2.20 LL 2.20

gth sternites as in Eretes sticticus (Linn). A

triangular less sclerotized seteferous area present mesad

to each of the 8th sternite; a few of these setae, however,
join together forming a fringe (HF). The ninth segment is
ring-like (Fig, 21) the tergum distinct, divided into two
tergites, sternum semicircular and connected to the antero-
lateral margin of its tergite, a small'spiny process present
on its right limb while its left 1limb flat and wider. The

aedeagus and the ninth segment connected by a membranous
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tube (Fig. 19), its lumen continuous with that of dorsal
sac (DS). Thus the lumen of the body cavity continuous with

that of the dorsal sac of aedeagus.

The aedeagus about 1/5 the body length, bilaterally
symmetrical and exhibits torsion of about 45°, so that its
original (morphological) ventral surface tends to turn left-
ward. The basal piece (Fig., 20) rod-shaped thin flat and
widened at both ends, shorter than lateral lobes by about
0.3 mm; posterior end connected to the inside of the dorsal
membrane of the dorsal sac (DS); anterior end projects into
the zbdomen beyond the base of median lobe, Lateral lobes
slightly longer than median lobe (Fig., 19), twisted at the
middle, connected with each other by dorsal and ventral
conjunctival membranes, and form the lateral supporting
structures of the dorsal sac (Pl. IV, Fig. 1). A stout arm
extends mesad from the anterior end of each lateral lobe to
join the antero-ventral condylar region (CON) of the median
lobe (ML). Midventrally the posterior end of the dorsal sac
forms a grooved sclerotic sheath (SH). Distal end of each
lateral lobe with a short cylindrical setose stylus (STY).
The median lobe hollow, compressed, and lies underneath the
dorsal sac. Ejaculatory duct enter into the median lobe
antero-dorsally. Proximal one-fourth of median lobe well
sclerotized and bears a baso-ventral articular condyle (CON).
The dorsal and the ventral margins of the posterior three-
fourth of this lobe less sclerotized leaving between them g
still less sclerotized area. A little posterior and dorsal

to the median foramen, a pair of flat membranous sacs (ventral
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sacs) of the median lobe (SCM) join with the dorsal sac.
Ventral sacs (SCM) closely attached to the posterior two-
thirds of the median lobe and extend on either side of it.
The paired ventral sacs communicete with the dorsal sac,
ventrally by a common aperture., The posterior part of the
median lobe extends upto the ventral sheath of the dorsal
sac. This sheath receives the tip of the median lobe when

at rest. The distal portion of the median lobe setose; the
posterior part of all the three sacs and the ventral sheath
profusely fringed with microtrichia or aculiae; the posterior

half of each lateral lobe denticulate on its outer margin.

Cybister tripunctatus asiaticus Sharp (P1l.IV, Figs.3 to 5)

TL 24,93 IW 13.43 EL 19.78
L ML e 05 LL  4.82

gth sternites fused anteriorly by a horizontally
flattened horse-shoe shaped sclerite (Fig. 3), IX tergites
conspicuous and the 9th sternum ring-like and well sclero-

tized (Sidhu 1960a).

Aedeagus (Fig, L) about 1/4 the body length, symmetrical,
exhibits torsion of 900, elongate arcuate, euventral surface
concave and facing left side. Basal piece thin and well
sclerotized rod lying on the proximal one-third of the median
lobe, closely appressed on the eudorsal surface of the
aedeagus, distal end forked and fused with the membrane that
connects the aedesgus to the last (i.e, ninth) genital segment,
Lateral lobe laminate, slightly shorter than median lobe,

broad proximally and attenuated posteriorly, anterior euventral
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margin inflexed and articulates with its proximal end to the
mediab lobe, the euventral and eudorsal margins of each
lateral lobe connected by a membrane msking it tubular; about
one-third of the posterior euventral margin and the apex
fringed with long hair-like setae (S); the distal end of the
membranous inner surface with a short setae. Median lobe
(Fiz. 5) sabre-shzped, not uniformly sclerotized, proximal
and distal ends bifid, sntero-euventral surface with a knob
(CON) with wnich lateral lobes articulate; median foramen at
the anterior ore-fourth of the eudorsal surface. Arising
eudorsally from the median lobe is a membranous sac (SCM)
that gets supported by a pair of sclerotized ribs which extend
lengthwise, its posterior tip is divided to form two narrow
and tubular projections; gonopore (GPR) not terminal but lies

hidden at the base between the sac (SCH) and the median lobe

Family Gyrinidae

Species examined

Dineutes unidentatus Aube

In the specimen examined, VIII tergum is the last
visible sclerite] correspondingly on the ventral surface is
the 8th sternum. Tanner (1927) in the females of the Gyrinus
consobrinus Lec, found the eighth segment as the last non-

retractable segment, The ninth segment is partially reduced,

Aedeagus symmetrical. Basal piece absent. Lateral
lobes as long as, or longer than the median lobe (Sharp and

Muir 1912). Basally the median lobe articulates with the
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lateral lobes through dorsal surface.

Dineutes unidentatus Aube (P1l. IV, Figs. 6 and 7)

II, B5.806 IW 3.74 EL 4.87
L ML 1.44 LL 1.50
The last nonretractable segment is the eighth. Ninth
segment is invaginsted and partly reduced; the IX tergum
membranous and as in dytiscids bears the anus, 9th sternum

well developed and encloses the aedeagus (Fig. 6).

Aedeagus between 1/5 and 1/4 the body length, symmet-
rical, exhibits no torsion, elongate, and straight. Basal.
piece absent., Lateral lobes fused with each other at their
narrow base forming a transverse bridge-like structure dorsal
to the base of the median lobe, the distal three-fourth
horizontally flattened, almost with uniform width, apex
ovate; posteriorly the outer margin and apex fringed with
setae (s). Median lobe as long as the lateral lobe. Median
lobe cylindrical anteriorly and grooved ventrally on the
posterior; anterodorsal apex of the median lobe acts as the
articulating surface and receives the base of the lateral
lobes, distal one-fourth attenuated, apex rounded, Endo-
phallus (EDP) tongue-like and visible through the ventral

groove. Gonopore ventral.

Family Hydrophilidae
Species examined:

Coelostoma stultum Walk

Paracymus evanescens (Sharp)

Enochirus sp.
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Sternolophus rufipes (Fabr.)

Hydrous indicus Bedel

Hydrous senegalensis Perch

Berosus indicus Motschulsky
Be. pulchellus M'Leay

B. nr, nigriceps (Fabr,)

In all the hydrophilids examined VIII tergum is the
lzst externally visible sclerite. The last of the non-
retractable sterna is the true 7th sternum, The rest of the
sclerites i.e. the 8th sternum and the ninth segment are
retracted into the body and ares not visible externally. None
of the genital segments is divided into tergites or sternites,
There is no reduction in the tergum or sternum of the ninth
segment., On the other hand the IX tergum gives rise to an
extra sclerite viz, paraproct. IX tergum bears the anus.

9th sternum is elongate and usually not divided.

The aedeagus is of trilobate type, symmetrical and has
a well developed basal piece. Lateral lobes are inwardly
connected by membrane, Anteriorly the membrane of the lateral
lobes is continuous with the proximal end of the median lobe,
Median lobe is hollow and usually cylindrical; anteriorly it
has a pair of apodemes (APD) and serve for the attachment of
muscles (Pu 1938), Ejaculatory duct travels through the

pasal piece and median lobe, and opens externally by gonopore.

Subfamily Sphaeridiinae
Coelostoma stultum Walk (Pl. IV, Figs., 8 and 9)

IL 4.20 IW 2.8L4 EL 2,84
AE L 0,85 LML 0,65 LL. 0,81
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Paraproct undivided thin and flexible, arises from
the anterior margin of the IXth tergum (Fic. 8) and extends
ventrad to the base of the 9th sternum; J9th sternum elongate

and undivided (Fiz. 9),

Aedeagus stout,length about 1/5 the body length; basal
piece very short, one-third of the lateral lobes in length,
plate-like, covering the bases of the lateral lobes ventrally,
no reflexed mergins, the anterior margin not bordered, but
dgrawn into 2 narrow flat projection, directed proximad.
Lateral lobes bent inward and close to each other and proximal
ends fused ventrally and lie between the basal piece and the
base of the median-lobe. Median lobe shorter than lateral
lobes by 0.15 mm, exposed dorsally, and partially covered by
1ateral lobes ventrally; anterior end wide and produced into
two stout apodemes (APD), postero-dorsal surface concave,

median foramen and gonopore at the proximal and distal

extremities.

Subfamily Hydrophilinae

Paracymus evanescens (Sharp) (Pl. IV, Figs, 10 and 11)
L 1.91 Iw 1.20 BL 1,30
AE L 4.00 L ML 0.27 LL 0,27

Paraproct present and extend ventrad.

Aedeagus about 1/5 the body length, elongate; basal
piece conical shorter than lateral lobe with anterior narrow
and posterior broad ends, the lateral lobes connected to each

other by an antero-mesal projection just over the base of the
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median lobe, Lateral lobe slightly broader at the base
than the distal half, the posterior extremity tends to bend
jnward; median lobe as long as the lateral lobe, funnel-
shaped, two segmented, anterior end broad, attenuated dis-
tally; from the proximal end two apodemes arise, one on
either side of its axis; a small piece of transparent

pro jection, the second segment, lies immediately next to

gonopore; gonopore subterminal and ventral.

Enochrus sp. (Pl. IV, Figs. 12 to 14)
IL: 3414 IWw 1.7 EL 2.16
AE L 0.78 I, ML ©,35 LL 0.40
Anterior margin of IX tergum remain sclerotic inspite
of partial desclerotization of the tergum. The anterior
sclerotic patch of this tergum extends ventrally forming a

thin ribbon-like paraproct (PP). 9th sternum elongate and

undivided.

pedeagus (Fig, 14) about 1/4 the body length; basal

piece desclerotized except along margins, transparent, and
in length equal to the lateral lobe, its proximal half
uniformly narrow and distal half almost uniformly wide;
1ateral lobes larger than median lobe, broad proximally and
attenuated posteriorly, Lateral lobes join each other by
means of a conical antero-mesal projection, distal portion
pent laterad. Median lobe gives three segmented appearance
and the posterior segments decreasingly smaller, the distal

segment is very transparent and acute, Gonopore subtermingl
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Sternolophus rufipes (Fabr.) (Pl., V, Figs., 1 to 3)

1L 10.20 IW 5.23 EL 7.60

AE L 1.70 L ML 1.04 LL 1.02
Anterior margin of the IX tergum (Fig. 1) modified
to form a wide paraproct that extends ventrad; paraproct
not separated from IX tergum, 9th sternum elongate and,
owing to desclerotization, transversely divided into an

anterior and a posterior sclerites (Fig., 2).

Aedeagus (Fig, 3) about 1/6 the body length, elongate
basal piece slightly more than half the length of lateral
lobes distal end twice as wide as proximal end, and
membranous, which extends medially between the sclerotized
area, thereby apprearing somewhat triangular, postero-
lateral margins reflexed, then bent mesad and connected to
each other by membrane. Lateral-lobes inflexed giving
boat-shaped appearance; Proximally the ends of the lateral
lobes meet dorsally, and join ventrally by a narrow bridge;
the posterior end slightly curved inwards, Median lobe
tubular, slightly shorter or as long as lateral lobe, dorsal
surface sclerotized forming a supporting plate, anterior
margin of this plate crescentic, the two ends of which
produced into two apodemes; proximal half with inflexed
lateral margins, ventral surface membranous, posterior half
of the sclerotized median lobe wider than the opening of the
gonopore; gonopore subterminal and ventral, tip of median

lobe membranous,
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Hydrous indicus Bedel (Pl.V, Figs. 4 and 5)

IL 29.45 IW 13,80 EL 23.25
AE L 5.00 L ML 3.05 LL 3. 20

Paraproct undivided and ribbon shaped, extends laterad

but do not reach the 9th sternum, 9th sternum elongate and
undivided.

Aedesgus about 1/6 the body length, basal piece ventral
l1amellate, three-fourths of the lateral lobe in length, less
sclerotized posteriorly, edges reflexed but do not meet each
other dorsally, connected by membrane, anterior end narrow
with truncate edge, posteriorly articulating with the anterior
edge of the lateral lobe, Lateral lobe inflexed and boat-like,
dorsally appears triangular in outline, proximal half wide and
distal half narrow, postero-lateral end produced into a short

spinous projection, posterior extremity indistinctly clavate,

Median lobe tubular, slightly shorter than lateral lobe,
but longer than basal piece, consists of dorsal and ventral
sclerites supporting the otherwise less sclerotized membranous
median lobe, dorsal sclerite (DSC) at the anterior one-fourth
is divided and U-like with two apodemes on either side of the
axis, posterior half attenuated and tip slightly clavate,
ventral sclerite (VSC) is thin and extends from about the
middle of the median lobe upto the gonopore. Gonopore sub-

terminal, ventral and with 'authine' shaped sclerotic boarder,

Hydrous senegalensis Perch (Pl.V, Fig., 6 and 7)

IL 37.30 Iw 18,25 EL 31,00
AR L 7.60 L ML 3 udidy Tale 3,68

Paraproct undivided ribbon shaped and can be seen
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distinctly arising as a result of de-sclerotization. It
extends laterad but do not reach the ventral surface to

meet the 9th sternum. 9th sternum elongate and undivided.

Aedeagus about 1/5 the body length, elongate; basal
piece one and quarter times longer than the lateral lobe,
inverted V-shaped, sclerotized laterally otherwise membranous
both dorsally and ventrally. The proximal one-sixth of the
basal piece sclerotized lamellate and ventral; the entire
basal piece is thus a wider tube through which the posterior
part of the ejaculatory duct travels before entering the
median lobe; distally it articulates with the proximal end
of the lateral lobe along its outer convex region, Lateral
lobe mainly sclerotized on the dorsal surface, lamellate,
wider at the region of articulation with the basal piece,
attenuated towards either end; the proximal (attenuated)
ends of lateral lobes truncate, join with each other on the
median line; the posterior narrow portion cylindrical, the
ventral surface non-sclerotized and membranous except the
sclerotized mesal margin. Lateral lobes saccular and in

repose lie closely adpressed to the median lobe,

The median lobe membranous, funnel-like and supported
dorsally by a Y-shaped sclerite (DSC), the two antero-laterally
directed process of this sclerite being the apodemes,
pPosterior tip of this sclerite spatulate, Gonopore sub-
terminal, ventral and bordered by 'authine' shaped sclerotic
ring, from the proximal end of which extends approximally

directed short and thin sclerite.
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3erosus indicus Motschulsky (P1l.V, Figs.8 to 12)

IL 4.12 IW 1.84 EL 3.25
AR L 1.50 L ML 0.98 LL 0.97
Paraproct undivided,arises from the antero-lateral
margin of the IX tergum and extends ventrally close to the

9th sternum. 9th sternum elongate and undivided.

Aedeagus slightly less than 1/3 the body length, elon-
gate, basal piece shorter than lateral lobe by 0.1 mm, and
the anterior edge bordered. The lateral lobe bent inward
posteriorly, broader at the base and gradually narrowed
distad, the apex rounded and bears ventrally a few scattered

Median lobe tubular equal or slightly longer than lateral
lobes; dorsal surface less sclerotized, proximal one-third
slightly narrow, with a pair of apodemes; a pair of inflexed
sclerotic blades on ventral surface; each inflexed blade come
very close to its counterpart distally and somewhat widely
separated proximally (Fig. 11). Inflexed blades and distal
tip of the median lobe with spine-like setae, the ventral
surface of this region grooved and encloses the bifid endo-
theca, the latter fringed with microtrichia at the tip;

gonopore terminal,

Berosus pulchellus M'Leay (Pl. V, Figs,13 and 14)

IL. 2.35 W 1,37 EL 2.06
AE T. 065 L ML 0.39 LL 0.32

Genital complex as in B, indicus.
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Aedeagus between 1/3 and 1/4 the body length; basal
piece shorter than lateral lobe by 0,05 mm, the anterior
margin bordered; lateral margins reflexed and dorsally come
close at the middle and connected by very transparent membrane.
Lateral lobes laminate wide shorter than median lobe, posterior

end rounded, anterior margin oblique and wavy.

Medi an loEe with proximal and distal bifid ends, the
former more deep and wide than the latter, the anterior half
darker than the posterior due to differential sclerotization;
the dorsal surface sclerotized, the postero-lateral half non-
sclerotized and fringed with anteriorly directed minute setae.
The ventral surface also setose but conspicuous at the posterior

half and arranged lengthwise. Gonopore terminal.

Berosus DT nigriceps (Fabr.) (Pl.V, Figs. 15a and 15b)

IL 2.94 Iw 1.50 EL 2,27
AE L 0.75 L ML 1.25 LEL O.58

Genital complex as in Berosus indicus Motschulsky.

Aedeagus about one-fourth the body length, elongate;
pasal-piece shorter than lateral lobes by 0,12 mm, the
anterior margin bordered; lateral margins reflexed, unlike
B. pulchellus widely separated and connected by membrane.

Lateral lobes laminate as in B. pulchellus, wide but shorter

than median lobe, posterior tip blunt, anterior margin

oblique and more wavy than B. pulchellus. Lateral lobes

articulate with the proximal end of median lobe besides their
attachment to the basal-piece. A few minute setae scattered

at the middle of each lateral lobe.
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Median lobe longer tnan the entire lencth of the
aedeagus, the anterior region deflexed to give U-shaped
bend wnich probably formed out of the apodemes of median
lobe; proximal end hook-like, and further drawn into a
long posteriorly directed median strut (MS) whicn lies in
between lateral lobes; the posterior one-fourth of the
median lobe with anteriorly directed spine-like setae; and
the distal half with uniform thickness; gonopore (GPR) an

elongated slit and subterminal.

uuuuu
---------
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EXTERNAL GENITALIA OF FEMALES

Family Dytiscidae

Species examined:

Canthydrus laetabilis Walk.

Laccophilus flexuosus Aube

L. sharpi Regimbart

Hydrovatus acuminatus Motschulsky

Hyphydrus flavicans (Regimbart)

Guignotus sp.
Herophydrus musicus (Klug)

Sretes sticticus (Linn)

Hydsticus luczonicus Aube

Cybister tripunctatus asiaticus Jharp

In all the above species, eight terga and six sterna
are externally visible. The rest of the sclerites are
inveginated and take part in the formaticn of the female
genital complex. A sclerite tentatively named as intermediate

sclerite is present between the 7th and the 8th sterna of

the Laccophilus species and the Eretes sticticus (Linn},

Hydaticus luczonicus Aube and Cybister tripunctatus asiaticus

Sharp.

The 8th sternum is divided into two sternites as in
the males.
A functional ovipositor has been observed in

Laccophilinae (Tanner 1627, Young 1963), Colymbetinae (Jackson
1958a and 1960) and Dytiscinae (Demandt 191z, Misll 1912,
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Sidhu 1960a, etc.)., Such an ovipositor is absent in the

Hydroporinae.

Among the beetles heaving ovipositor, the ninth segment
is entirely seen, but greatly modified in the fomation of
ovipositor, while in others it is reduced and only the ster-
nites are traceable. The 9th sternum is modified to form
valvifers (VLF) and valvulae (VVL). Tanner (1927) considered

valvifers as portions of the 9th sternites.

In all dytiscids other than Dytiscinae double genital
openings are present, the bursal ostium (BO) is always dorsal

to the ovipore (OVP).

Valvulae (VVL) are present in all the dytiscids other

than Hydroporinae,

Subfamily Noterinae

Canthydrus laetabilis Walk. (Pl. VI, Fig. 1)
1 2.67 Iw 1.37 EL 1.88

Medially the VIIT tergum bears a shallow groove instead of g
thin desclerotized zone, &th sternum divided into two

triangular sternites,

Ovipositor not well developed. The IX tergites less
sclerotized and go un-noticed if not carefully observed,
Valvifers very elongate extending deep inside the abdomen,
twice as long as valvula, and attached with muscles on their
anterior end, Valvuls articulates by its emarginate margin

to the posterior tip of valvifer. Valvula awl-shaped. The

mesal edges of the valvulae on the posterior half and their
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outer surface setose, setae short and spine-like. At the
bases of these valvulae lies the bursal ostium. Ovipore
not enclosed by valvulae, located ventral to bursal ostium

a little anteriorly.

Subfamily Laccophilinae

Laccophilus flexuosus Aube (Pl. VI, Figs. 2 and 3)

IL  L.49 IW 2.35 EL 3,65

The eighth and the ninth segments of the abdomen
modified to assist in the oviposition, The former relatively
less modified than the latter. VIII tergum bears a median
longitudinal de-sclerotized zone, 8th sternum divided along
its axis as in other dytiscids resulting in a pair of trian-
gular sternites. A small and thin sclerotized piece (IS)
arises from the corea between the 7th sternum and the 8th
sternites, and this sclerite connects with the paired vaginal
sclerites at their mid-ventral margin, The vaginal sclerites
free and widely separated towards the anterior half and fused
at the posterior half slong their dorsal margins forming a
Y-shaped structure; anterior end of each vaginal sclerite
provided with muscles, the ventral margin of the posterior
half free and serrate; each margin with about seventeen
teeth. These sclerotic plates contain the ovipore and

enclose the vaging,

The IX tergum somewhat reduced and divided into three
sclerotic areas; one above and two on either side of the anus,
According to their position these plates are cslled proctiger
and paraprocts respectively (Tanner 1927), The proctiger

much less sclerotized than paraprocts and indistinct, The
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valvifers paired, separate from each other, broad and oval

in outline, A sword-shaped valvula containing the bursal
ostium arises from the antero-ventral corner of each valvifer,.
Each of the valvuls (homologous to the second valvula of
Orthoptera and Hemiptera) one-third distance from the distal
tip bears an acute short inwardly bent projection on the
dorsal margin and meets its fellow; another acute pro jection
arises just a little posteriorly. The tip of the valvulae
acute. Conjunctival membrane holds the valvulae together
along the margins thereby forming a distally closed tube.

Bursal orifice dorssl to the ovipore,

Laccophilus sharpi Regimbart

IL 3:%5 IN 2.11 EL 3.07

The intermediate sclerite more distinect than in

Laccophilus flexuosus Aube, flat and bottle-shaped in out-

line with a narrow neck, Ovipositor and the position of the

genital openings as in L, flexuosus.

Subfamily Hydroporinae

Hydrovatus acuminatus Motschulsky (Pl,VI, Figs., to 6)
IL 2:87 Iw 1.87 EL 2.84

8th sternum divided and retracted into the abdomen,

The female genitalia consist of two sclerotized
structures, the ventra]l less sclerotized and dorsal well
sclerotized, and both of them long and semi-tubular, The
dorsal sclerite attenusted posteriorly, and with a few

scattered denticles on either side; dorsal surface convex
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and ventral surface concave, anteriorly divided to form two
thin spodemes (rami) which project laterad at right angles.
The ventral structure thick leathery dorsally, sclerotized
along the ridges on either side of its ventral groove and

lie enclosed in the groove of the dorsal structure. The
dorsal sclerite appears to be the modified 9th sternum, while

the ventral sclerotized structure the bursal extension,

Hyphydrus flavicans (Regimbart) (Pl, VI, Figs.7 and &)

IL La17 IW 2,80 EL 3.20

The 8th sternum divided into two sternites and when
at rest lie retracted inside the last non-retractable ster-
nite i.e., the true 7th. The IX tergum absent. A pair of
valvifers present on either side of the bursal ostium. Each
valvifer well sclerotized elongate plate with bordered
margins; the distal margin rounded and fringed with setae;
the proximal outer margin drawn into a strong shaft which
pro jects anteriad, Valvulae and ovipositor absent. Two
genital openings present. Bursal ostium dorsal to the ovi-

pore and lies between the valvifers.

Guignotus sp. (Pl.VI, Figs,9 and 10)
IL 2,63 W 1,39 EL 1.99

The 8th sternum divided into two sternites, and lie
retracted inside the 1ast nonretractable 7th sternum
(apparent 6th). TIX tergum absent. Valvifers elongate flat
weakly sclerotized spatulate, anterior two-third thin while
the posterior one-third broad. Posterior margin fringed with

nearly 13 setae. The entire valvifer including setae 0.3 mm long
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The broader portion of the valvifer with two processes, one
outer and the other inner. Valvulae and ovipositor absent.
Two gzenital openings present. Bursal ostium dorsal to the

ovipore.

Herophydrus musicus (Klug) (Pl.VI, Figs. 11 and 12)
TL. 3.28 Iw 1.93 EL 2.42

gth sternum as in Hyphydrus flavicans. Valvifers

pbroad and truncate at the distal end, attenuated forming a
thin elongated shaft at the proximal end; distal tip par-
tially fringed with closely set short setae, while the
proximal tip provided with muscular attachment, Valvifers
between pbursal ostium and ovipore. Valvulae and ovipositor

absent. Location of genital openings as in Guignotus sp.

Subfamily Dytiscinae
Eretes sticticus (Linn) (PL.VI, Fig. 13)

IL 13.01 Iw 7.07 EL: 10.05

The 7th and the 8th sterna broadly separated by corea.
A small area of the intersegmental membrane (corea) with a
triangular sclerotic patch immediately posterior to the 7th
sternum, and named intermediate sclerite extending half way
in the membrane. &8th sternites somewhat rectangular with
longer mesal edge, When at rest the 8th sternites lie
between the 7th sternum and the valvifers; when extended they
assume a vertical position and lie on either side of the base
of the ovipositor. Ninth segment greatly modified to form

the ovipositor, Its tergites small and lie above the anus
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while the sternites (valvifers) arise from the outer edge

of their corresponding tergites. Valvifers thin elongate
and slightly sinuate. Distal end of the valvifers connected
to the valvulae which constitute a functional ovipositor.
Vulva lies enclosed ventrally by the valvulae. Ovipositor
blade a composite structure formed as a result of the fusion
of two valvulae on their dorsal surface. Valvulae broad
proximally and attenuated distally, fringed with minute
scattered setae, tip of valvulae bifid and slightly curved
dorsad. The apex bears a fringe of setae directed posteriad.
This composite valvular sclerite has a ventral lobe which

1ies enclosed in its ventral groove when in repose.

Hydaticus luczonicus Aube (Pl.VII, Fig. 1)

IL 127 Iw 8.23 EL 11.61

The 7th sternum and the 8th sternites widely separated
from each other by a very distinct intermediate sclerite, the
sclerotized patch of the corea. The IX tergites present.
valvifers flat, wide at the centre and attenuated on either
end, ventral margin (in extended ovipositor) bordered,
posterior end slightly raised, rounded and well sclerotized
and joins the valvula, Valvula of either side fused along
the dorsal margin, sljghtly curved dorsad, broad and atte-
nuated distad, distal end rounded with an oval patch of non-
sclerotized area which contains a tuft of setae, Valvula
encloses the ventral lobe, ventral lobe uniformly sclerotized,

gonopore terminal, distal end not pointed.
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Cybister tripunctatus asiaticus Sharp (Pl. VII, Fig, 2)

IL 21-8-038 I‘N 1"-[*0 53 EL 20-55

The general pattern of the female genital complex
similar to the other members of Dytiscinae. ' Intermediate

sclerite not so distinct as in Eretes sticticus and

Hydaticus luczonicus. Valvifers thin and long, arise from

the outer edge of the IX tergites and come to lie on either
side of the eversible tip of the abdomen; posteriorly the

valvifers articulate with the proximal part of the valvula.
Valvula sclerotized, narrowed at both ends, tips blunt. A

ventral lobe present at the base of the valvula. The ventral

lobe is distinct owing to the sclerotization of the distal

end of the vagina. Gonopore terminal.

Family Gyrinidae
Species examined:

Dineutes unidentatus Aube

Eight terga and seven sterna are externall visible.
The last visible sternum is the true 8th sternum (Tanner
1927 ). Unlike Dytiscidae this sternum is nonretractable
and undivided. The part of the abdomen posterior to this
is invaginated. TIX tergum is membranous as in the male,
and the corresponding part of the ventral surface, i.e, the

9th sternum is modified to form a pair of valvifers.
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Subfamily Enhydrinae

Dineutes unidentatus Aube (Pl, VIT, Fig. 3)

IL 7.38 IW 3.85 EL 5.32

Tne 8th sternum undivided, nonretractable and connected
to thie proximal margin of the valvifers. As in males tergum
of the ninth segment absent while paired valvifers present
with the vulva opening at their median proximal end., Each
valvifer is a depressed plate, somewhat rectangular, length
twice its maximum width, inner posterior corner rounded,
outer posterior half and distal margins fringed with long
tufts of setae; proximal margin bordered and has a pair of
anteriorly directed long processes or apodemes. The outer
apodeme longer than mesal, Proximal ends of all the four

apodemes connected with muscles. Valvula and ovipositor

absent.

Family Hydrophilidae

Species examined:

Coelostoma stultum Walk

Paracymus evanescens (Sharp)
Enochrus sp,

Sternolophus rufipes (Fabricius)
Hydrous indicus Bedel

H. Senegalensis Perch

Berosus indicus Motschulsky

B. pulchellus M'Leay
B. nr, nigriceps (Fabr.)

In all the hydrophilids studied there are eight

externally visible terga. Except in Coelostoma stultum and
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Enochrus sp. in which there are only five externally visible
sterna, the rest of the hydrophilids exhibit six such sterna,
Among the dorsal sclerites only the paraprocts and the IX
tergum are invaginated. From the ventral sclerites only the
8th and the 9th sterna are invaginated. Usually none of the
invaginated tergs and sterna, except the 9th sternum i.e,

the valvifer, tend to bifurcate longitudinally. The IX
tergum bears the anus., Anteriorly this tergum is divided
giving rise to paraprocts (PP) as in the case of males, But
in females the paraprocts are paired and without fail extend
ventrally to articulate with the base of the corresponding
valvula. The valvifers may be confluent anteriorly or divided
completely. The vagina (VAG) opens as vulva (V) at the base
of the valvifers. Anteriorly the valvula is flat wide
jnverted U-shaped and extend from the proximal end of the
vaglvifers or sternites, The valvula is two segmented, pos-
terior portion long and tubular. In all the species the
posterior area of the valvulae have setae all around, while

the tip of the second segment bears long setae (S).

Subfamily Sphaeridiinae

Coelostoma stuyltum Walk (Pl. VII, Fig. 4)

IL 4,11 W 2.69 EL 2.99

The IX tergum more wide than long, evenly sclerotized;
paraprocts extend from either side of the tergzum to latero-
ventral surface of the genital tube and articulate with the
proximal end of the valvulae. 9th sternum widely and deeply

cleft leaving a thin confluent area anteriorly, Posterior
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margin of the two ninth sternal limbs emarginate and bears

no setae, Valvulsze flat anteriorly and tubular posteriorly,
bent in the shape of inverted U., A small sclerite present

at the proximal end of its articulation with the 9th sternum,
Valvula two segmented as in other hydroprhilids; the first and
the second segments separated by means of a non-sclerotized
tubular structure; the tip of the last segment bears a few

Subfamily Hydrophilinae

Paracymus evanescens (Sharp) (P1l. VI1, Fig. 5)

IL 2,08 IWw 1.20 EL 1.58

IX tergum retracted, evenly sclerotized and bears
paraprocts on each side; paraprocts usually slender flat and
join the Dbase of valvulae, The 9th sternum vpartly divided
forming two valvifers by deep anterior and posterior clefts,
anterior end of valvifer pointed, posterior end emarginate
resvlting in a pair of processes. The valvula two segmented;
first segment bears setae posteriorly, second segment sepa-
rated by a short cylindrical and membranous portion from the

first; setae present at the tip of the second valvular segment.

Enochrus sp. (Pl. VII, Fig. 6)
1. 3.09 ™ 1.78 EL 2.31

IX tergum retracted; paraprocts present and extend
from either side of the IX tergum. Valvifers paired widely
separated anteriorly and posteriorly, anterior end of each

valvifer pointed, posterior end deeply emarginate resulting
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in a pair of pointed processes. Anterior end of valvula
broad, inner margin notched. The ventral process of para-
proct articulates with the spinous process on the anterior

margin of the base of valvifer.

Sternolophus rufipes (Fabr.) (Pl. VII, Figs.7 and 8)

TL 10.38 Iw 5.33 EL 9,65

The IX tergum rectangular and its posterior corners
rounded. The paraprocts extend from either side of the IX
tergum as in other hydrophilids, but ventrally they widen to
form broad triangular plates whose anterior and mesal margins
pordered. Ventrally the paraprocts articulate with the
anterior margin of the valvulae, and the valvulae in turn
articulate with the anterior margin of the valvifers. The
valvifers remain united with each other at the basal portion;
posterior end of each valvifer bifid and each lobe long and
pointed which bends towards each other; the mesal lobe
longer than the outer lobe, posterior margin seteferous.
vValvulae broad and articulate with the anterior margin of
each valvifers which are tubular long and two segmented;
the first segment provided with minute setae and the tip of

second segment bears 5 terminal fringe of setae.

Hydrous indjcus Bedel (Pl. VII, Figs. 9 and 10)
IL 32,64 W 15.29 EL 25.39

IX tergum hexagonal, corners rounded, irregular patch
of long non-sclerotized area in the middle; lying on either

side of this tergum is a sclerotized strip known as paraproct,
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It extends upto the ventral surface between the 8th sternum
and the valvifers and articulates with valvula., Each valvifer
weakly sclerotized, tip acuminate, posterior margin and the
tip fringed with setae. Each valvula articulates with the
anterior end of the corresponding valvifer, broad at the base,
travel a little to the anterior, bend dorsally to finally
swingback posteriorly as an elongated slender tubular process,
Valvula two segmented, the proximal segment provided with

minute setae, the distal segment bears a terminal fringe of

fine setae.

Hydrous senegalensis Perch (Pl. VII, Figs. 11 and 12)
IL 39.02 IW 18.86 EL 30.85

IX tergum longer than wide; uniformly sclerotized:
paraprocts extend latero-ventrally on either side of the IX
tergum, their anterior margin more sclerotized and hence
appear bordered, the ventral longitudinal process of para-
procts united anteriorly, posterior end abruptly widened with
which the paraprocts articulates with the base of the valvula.
Valvifers separated from each other by a membrane. Postero-
laterally each valvifer is emarginated, emarginated margin
bears a row of Closely set fine setae, From the base of each
valvifer arises a flat yalvula which extends latero-dorsally
(in extended condition) and then travels posteriad as a long
tubular process, Tpe valvula two segmented; the first segment
long, thickly pitted on the posterior one-thirds, each pit
bears a short spiny seta; the second segment short, fringed

with tuft of setae distally.
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Berosus nr, nigriceps (Fabr.) (Pl. VII, Fig. 15)
TE Be31 Iw 1.77 EL 2.88

IX tergum invaginated and undivided. The ventral
extension of paraproct flat and wide, bordered anteriorly
and more pronounced than its latero-dorsal (when extended)
process; it articulates with the base of wvalvula by means
of distinct spine-like process. Valvifers and valvula

similar to those of B, pulchellus.

------------
------------
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INTZRNAL REPRODUCTIVE ORGANS OF MALES

Family Dytiscidae

Species examined:

Canthydrus laetabilis Walk.

Laccophilus flexuosus Aube

L. parvulus Aube
L. sharpi Regimbart

Hydrovatus acuminatus Motschulsky

Hyphydrus flavicans (Regimbart)

Guignotus sp.
Herophydrus musicus

Copelatus sp.

Eretes sticticus (Linn)
Hydaticus luczonicus Aube
Cybister tripunctatus asiaticus Sharp

The testes (TES), the epididymides and the vasa
deferentia (VD) are paired and the first two are formed as
s result of the coiling of a single long mesodermal tube.
The terminal part of this tube in many of the dytiscids
(pL. VII, Figs. 16, 17, etc,) separates from the coiled
testis forming a short finger-like process. The coiled testis
is usually separated from the epididymis (EPDD) by non-

coiled portion of vas deferens. The testis is the site of
SpermatogenBSiS while the epididymis stores the spermatozoa
which are ready for discharge. The testes and epididymides

are enveloped by the peritonial membrane, The vas deferens

of each side joins the anterior end of the corresponding
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L AC GL . Length of accessory gland
LLD : Length of lateral ejaculatory
LEJD : Length of ejaculatory duct

All the measurements are in millimetres.

Subfamily Noterinae

Canthydrus laetabilis Walk. (Pl. VII, Fig. 16)

L AC GL: 1.00, L L D: 8.718, L EJ D: 0.40

Epididymis confluent with the coiled testis. The
lateral ejaculatory ducts (LEJ) long and about the length
of the common ejaculatory duct (DEJ). The glands (ACGL)
long and stout, and lie on either side of the axial line of

the body. The zland has seven prominent twists.

Subfamily  Laccophilinae

Laccophilus flexuosus Aube (Pl. VII, Fig. 17)

I, AC GL: 3.50, L L D: 0.40, L EJ D: 1.00

Epididymis not separate from testis. The vas deferens
(VD) of each side opens at the junction of accessory gland
with lateral ejaculatory duct. Lateral ejaculatory duct less
than half the length of the ejaculatory duct; ejaculatory
duct with a ring-like convolution. Accessory gland about
three-fourths the body length; lies on either side of the

axial line, and bears only one prominent bend that directs

the gland posteriorly.

An unpaired gland opens at the proximal end of the
median lobe. It contains a number of short blind tubules

opening into a central efferent duct which continues poste-
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-riorly as a long duct.

Laccophilus parvulus Aube (Pl. VII, Fig. 18)

L 18 Ol 1=k, L L D: 0.25, L EJ D: 1.50

Externally the epididymis not separate from testis.
The ejaculatory duct is approximately of the same length as
the accessory gland. Length of lateral ejaculatory duct
about one-sixth that of ejaculatory duct. The accessory
glands stout and lie on either side of the axial line and bent
ventro-posteriorly in the form of a circle. The apex of each

gland comes to lie at the junction of vas deferens with

accessory gland. An unpaired gland (PCGL) similar to that of

I,. flexuosus is present.
L. 1.eXUosuUs

Laccophilus sharpi Regimbart (Pl. VII, Fig. 19)

I, AC BL: 2.80, L L D: 0.50, L EJ D: 1,40

Epididymis and testis confluent. Lateral ejaculatory
duct about one-thirds the length of the ejaculatory duct.
Accessory glands lie on either side of the axial line, and
two-thirds the body length. A single prominent convolution
of the accessory glaﬁd present at its middle. This convolution
sends the gland ventrad and the tip of the gland comes to lie

on either side of the bulbous proximal end of the ejaculatory

An unpaired gland present similar to that of L. EAEEEQEEE-

duct.
Subfamily Hydroporinae
Hydrovatus acuminatus Motschulsky (Pl., VIII, Fig. 1)
L AC GL: 3.80, L L D: 0.10, L EJ D: 0.50

The testis and the epididymis coiled and confluent, Vas
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deferens opens at the tip of the lateral ejaculatory duct.
Lateral ejaculatory duct about one-fifth the length of the
ejaculatory duct. Accessory glands lie on either side of
the axial line and longer than the body length. Each gland

is much cecntorted and has six prominent twists.

Hyphydrus flavicans (Regimbart) (PL.YIII, Pig.2)

L AC GL: 3.7Q, L L D Nil, L EJ D: 0.50

The testis and the epididymis indistinguishably united
with each other forming a single bundle. The vasa deferentia
open at the anterior tip of the ejaculatory duct. Hence the
lateral ejaculatory ducts are absent. The glands also open
directly at the anterior end of the ejaculatory duct.
Accessory glands long and very stout occupying greater part
of the abdomen; glands longer than the body length and lie on

her side of the axial line of the body and has four distinct

eit
twistse.
Guignotus sp. (Pl. VIII, Fig. 3)
L AC GL: 1.20, L L D: Nil, L EJ D: 0,60

The vasa deferentia and the glands open at the anterior
end of the ejaculatory duct and hence the lateral ejaculatory

ducts not present as in Hyphydrus flavicans. Accessory gland

less than half the body length. Each gland exhibits a single
prominent bend at its middle. This bend (twist) brings the
terminal portion of each gland posteriorly so that the tip

comes to lie ventrad to the base of the left gland.
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Herophydrus musicus (Klug) (Pl. VIII, Fig. 4)

L AC GL: 3,20, L L B ©.20, L Ed D: 0.45

The testis and the epididymis separsted from each other
by a non-coiled part of vas deferens, Vas deferens opens into
lateral ejaculatory duct. The accessory glands stout anad
longer then body length and lie on either side of the axial
1ine of the body and twisted mainly at three places. Ventrally
at the base of the accessory glénd the terminal portion of the

two glands touch each other.

Subfamily Colymbetinae

Copelatus sp. (pl. VIII, Fig. 5)
L AC GL: 1.55, L B D Ou1h; L EJ D: 1.70

The testis and the epididymis separated by a short non-

coiled vas deferens, Each accessory gland with four twists.

The vas deferens joins at the anterior end of the lateral

ejaculatory duct. Accessory gland shorter than ejaculatory

duct (DEJ) and lie on either side of the ejaculatory duct.

Subfamily Dytiscinae

Eretes sticticus (Linn) (Pl. VIII, Figs, 6a and 6b)

L AC DL 7.00, I, L Dis 0085, L EJ 1z 0095

Testis and epididymis separated by a non-coiled vas
deferens. Vas deferens joins at the anterior end of the
lateral ejaculatory duct where the accessory glands also join.
The lateral ejaculatory duct is only slightly shorter than

e jaculatory duct, BEjaculatory duct much shorter than the
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accessory glands and with no ring-like convolutions. Unlike
other dytiscids the right and left glands come to lie one
above the other (Fig. 6b}, the right dorsal to the left.

Both these glands adhere to each other and travel in the same
direction. Each gland has five twists. The terminal portion

of the gland ultimately comes to touch the basal portion of

the accessory gland,

Hydaticus luczonicus Aube (Pl,VIII, Fig.7)

L AC GL: 7.00, L L D 0.70, L EJ D: 1,00

Testis, epididymis, lateral ejaculatory duct, ejacu-
latory duct, and the position of the accessory glands as in

Eretes sticticus. But the accessory gland exhibits only

three twists. The left gland lies dorsal to the right one,

and both the glands exhibit similar convolutions.

Cybister tripunctatus asiaticus Sharp (Pl.,VIII, Fig.8)

I, AC GL: 23,00, L L DI 2:00, L EJ DI 1.70

Testis and epididymis as in Eretes sticticus. The vas

deferens opens at the anterior end of the lateral ejaculatory
duct. Lateral ejaculatory duct slightly longer than the
ejaculatory duct, ejaculatory duct with a ring-like convolu-
tion. The accessory glands long thin and bent several times

(about eight). The glands lie one on either side of the axial

!

line. Length of accessory gland equal to or slightly longer

than the body length.
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Family Gyrinidae

Species examined:

Dineutes unidentatus Aube

Striking features of the internal reproductive organs
are the presence of a common epididymis and a pair of long

lateral ejaculatory ducts.

For a key to the abbreviations used vide p.76.

Dineutes unidentatus Aube (Pl. VIII, Figs. 9 and 10Q)

I A6 GL: .30, L L By 4.00, L EJ DI 1,20

Testis composed of a single long highly coiled blind
tube., It lies on either side of median line. The vasa

deferentia of both the testes join to run side by side through-
out. They travel to-and-fro from left to right resulting in
5 conjoint inverted U-like bundle of epididymis on the median
1ine just dorsad to the genital ducts., From the left side of
the ventral surface of the epididymis travels a pair of
conjoint vasa deferentia and separate just before they open
at the anterior tip of the lateral ejaculatory ducts exactly
opposite to the opening of the accessory gland., The two
1steral ejaculatory ducts come close posteriorly and join at
the anterior end of the ejaculatory duct, The terminal end
of each lateral ejaculatory duct swollen to form a very small
bulb which receives the duct of the accessory gland from one
side and the vas deferens from the other. The lateral ejacu-
1story ducts and the accessory glands highly muscular and

coiled. The glands and the middle portion of the lateral



< 82>

ejaculatory ducts are spindle-shaped. The ejaculatory duct
is much shorter than the lateral ejaculatory ducts. The
distal end of each accessory gland is connected by a strand

of tissue to the eighth segment.

Family Hydrophilidae

Species examined:

Sternolophus rufipes (Fabr.)
Hydrous indicus Bedel

H. senegalensis Perch

All the beetles examined consist, as usual, a pair of
testes with testis follicles (TESF). Each testis follicle
opens at the distal end of the vas deferens by means of vas
deferens. The vas deferens is a long tube and just before
opening into the proximal tip of the ejaculatory duct,
enlarges to form seminal vesicle (VSM) where the spermatozoa
congregate. Generally two pairs of glands i.e. one pair of
opaque glands (OPGL) (ectadenia) and another pair of trans-
parent glands (TRGL) (mesadenia) are present opening at the

anterior end of the ejaculatory duct (DEJ). The ejaculatory

duct is a long tube,

Subfamily Hydrophilinae

Hydrous indicus Bedel (Pl. VIIT, Fig. 11)

Opaque gland with appendix : 23.00 {[20.00 + 3,00)
Transparent gland : 1%.00
Ejaculatory duct . 12,00
Length of testis L. 00
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Testis mulbary fruit shaped and consists of a large
number of fine elonrngated follicles which open radially around
a central hollow tube viz. ves deferens. The ves deferens of
each side continues posteriorly and opens at the base of the
opaque gland. Seminal vesicle present but comparatively less

thick than that of Sternolophus rufipes . Both the types of

accessory glands present, The transparent gland not branched
as in the preceding beetle. The transparent glands and the
vasa deferentia of each side are connected just before they
join the anterior end of the ejaculatory duct. The opaque
glands differ from those of the preceding insect in the manner
of convolutions. Appendicular gland (APGL) present and
covered by opaque gland. The appendix of opaque gland bears
transverse ring-like folds all along. The anterior 3 mm of

the ejaculatory duct greater in diameter than the rest of the

7 mm long ejaculatory duct.

Sternolophus rufipes (Fabr.) (Pl, VIII, Fig, 12)

Opaque gland with appendix : 6.00 (5,20 + 0,80)
Transparent gland + 6.50
Ejaculatory duct : 4.30

Testis follicles concentric around the tip of the vas
jeferens. The vas deferens of each testis thin and very long,
swollen greatly to form seminal vesicle just before joining
the anterior end of the ejaculatory duct. Opaque accessory
gland long and coiled like a watch spring and bears at its
tip a short annulated tubular gland - the appendicular gland.

A transperent gland joins the anterior end of the ejaculatory

duct, opposite to the seminal vesicle. This gland lies
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between the opaque glands of each side. The ejaculatory duct
longer than the accessory glands and the apical half much

broader than the distazal half.

Hydrous senegalensis Perch (Pl.VIII, Fig.13)

Length of opaque gland with appendix : 40.00 (33.00 + 7.00)

Length of transparent long branch : 28,00

gland short branch : 4.50
Length of ejaculatory duct : 21.00
Length ol testis . H.B50

Testes, vasa deferentia, seminal vesicles, opaque
glands and ejaculatory duct as in the preceding insect. The
transparent gland long and thin and divided mainly into two
unequal branches opening at the anterior tip of ejaculatory
duct by a common duct. The anterior half of the longer
pranch lies enclosed in the loop of the opaque gland. The
longer branch at about its middle bears a very short projec-
tion. Bulbous swellings mark the junction
of the branches of transparent glands. Two such swellings

present on each transparent gland. Unlike the preceding

snsect the seminal vesicle opens separately into the ejacu-
latory duct. The anterior half of the ejaculatory duct

wider than the posterior half. At about the middle, this

duct enlarges forming a bulbous structure.
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HISTOLOSY OF THE INTERNAL REPRODUCTIVE ORGANS UF MALES

Species examined:

Eretes sticticus (Linn) (Dytiscidae)

Dineutes unidentatus Aube

Hydrous indicus Bedel

3ordas (1900) and Escherisch (1894) classified coleo-
rteran testes into two types, and both these types of testes
are observed in the present study; the simple tubular type
in the Dytiscidae and the Gyrinidae, and the complex folli-
cular type in Hydrophilidae, In all the sbove three species

the‘testis is covered over by peritoneal sheath.

Spermatogonial cells at different stages of develop-
ment are present at the distal end of ths single sperm tube
in Dytiscidas and Gyrinidae. In the Hydrophilidae such
stages of spermatogenesis are located in each of the testis
follicles. 1In both the types, the area of spermatogenesis
could be differentiated into all the four zones described
by Wigglesworth (1965). They exist in the following sequence

from distal to proximal end.

Zone of spermatogonia
sone of spermatocytes
Zone of maturation and reduction

Zone of transformation
Efforts to trace the apical cell have proved fruitless.

The zohe of spermatogonia consists of primordial germ
cells lying among somstic mesodermal cells. The second zone

i.e., the zone of spermatocytes consists of spermatocytes in

cyst. The third zone consists of spermatids. The fourth
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zone hes spermatids in the final stages of the transformation,

ana the spermatozoa.

Testis can be distinguished by the presence of develop-
mental stages of spermatozoa, and the epididymis by the mature

spermatozoa.

It is well known that the testis and the ejaculatory
duct have originated from mesoderm and ectoderm respectively.
But, there is difference as to the origin of other structures
associated with the internsl reproductive system of insects.
The vasa deferentia are primarily mesodermal but in some
insects the posterior part of it is ectodermal while in some
others they are entirely ectodermal (Snodgrass 1935, p. 592).
The ejaculatory duct, the genital ducts or the forked anterior

end of the ejaculatory duct are ectodermal in origin (Snodgrass
1935, p- 572).

Two types of glands, ectadenis and mesadenia (Escherisch

1894 ) have been observed. There is a pair of ectadenia in

Eretes sticticus, and Dineutus unidentatus. Demandt 1912

and Korschelt 1923-24, described similar glands as 'ectadenien!

in Dytiscus marginalis.

In Hydrous indicus two pairs of glands are present: one
pair of ectadenia and the other of mesadenis. The ectadenia
in all the three species are opaque and the mesadenia which are
present in Hydrous indicus are transparent, Similar structures

are reported by Escherisch (1894) on Hydrophilus piceus. In

both the types of glands the columnar cells are secretory in

nature, Secretion is observed in the glands.
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Eretes sticticus

Testis: (Pl. IX, Fig. 1)

The testis coil is enveloped by the peritoneal sheath
which is composed of a row of cuboidal cells. The epithelial
layer of the sperm tube is very thin. The cells of this
layer, at the zone of growth have granular cytoplasm and the
cell walls are not distinct. The epithelial cells at the
posterior end of the testis coil have (well defined) distinct
cell walls. All the stages of spermatogenesis have been
observed, and the zones could be distinguished. Several

pundles of spermatozoa are seen towards the posterior half of

the testis gall.

Vas deferens (between testis and epididymis): (Pl.IX, Fig.2)

Tt consists of an outer cuboidal layer of peritonium
(PSH) and an inner layer of columnar cells. In between these
two layers is a covering of epithelial sheath. The lumen has
spermatozoa (SP%) which are on their way to the epididymis.

Epididymis:

In a section of the epididymis a number of portions of
the convoluted vas deferens are seen, The entire epididymis
1ike the testis is covered by a peritoneal sheath. Sperma-
tozoa have congregated in the epididymis throughout its length,
The lumen of the vas deferens of the coiled epididymis is
packed throughout with spermatozoa. Here, the wall of the

vas deferens is thin and the epithelium is not distinct.
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Vas deferens (between epididymis and the ejaculatory duct):
(Pl. IX, Fig. 3)

A thin layer of circulasr muscle fibres (CM) forms the
outer covering of the vas deferens. The inner layer of the
vas deferens is formed of columnar epithelial layer (EP).

There is no intimal lining.

Lateral ejaculatory duct:

The outer layer of longitudinal muscle fibres is
followed by the columnar epithelium which is secretory in

nature., Intervening them is the basement membrane. Intima

lines the epithelial layer.

Ejaculatory duct: (Pl. IX, Fig. 4)

A thin layer of longitudinal muscle fibres (LM) forms
the outermost covering. The epithelial layer is formed of
columnar cells and has a basement membrane (BM). The nuclei
are round and situated at the bases of the columnar cells,
The jntercellular walls are not distinct and the cytoplasm
is granular. The lumen is lined by a thick intima which is

secreted by the epithelium.

Accessory gland (opaque gland): (Pl. IX, Fig, 5)

The gland consists of an outer layer of longitudinal
muscle fibres and an inner layer of columnar epithelium (EP),
There is a basement membrane intervening these two. The
columnar cells are granular and vacuolated (VCL) suggesting
their secretory nature. The gland is lined by a thin intims

(ectadenia) which has been found broken at places. The
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secretions of these glands is viscid and are acedophilic

(eosin stained).

Dineutes unidentatus

Testis:

As in BEretes sticticus, in a longitudinal section of
the testis are seen many portions of the convoluted sperm tube,
A portion of the extreme anterior end is separated forming a
finger-like projection and 1is containing spermatogonia., All
the stages of spermatogenesis are present as in the above
dytiscid. The testis coil is covered by peritoneal sheath
and the sperm tube has an outer epithelial covering. The

posterior end of the testis coil has spermatozoa ready to

travel into the common epididymides.

vas deferens: (Pl. IX, Fig. 6)

The short vas deferens that lies between testis and the
AT epididymis is slender and has an outer peritoneal sheath
and inner epithelial layer. A transverse section of the vas

deferens between epididymis and the lateral ejaculatory duct

is quite different from that of the Eretes sticticus. It is
covered by two layers of muscle fibres. 0f these two, the
outer is the longitudinal and branched muscle layer, while the
inner is the circular muscle layer., Beneath the circular

layer 1s the cuboidal epithelium, Intima is absent.

[ateral ejaculatory duct: (Pl. IX, Fig. 7)

Each lateral ejaculatory duct is longer than those of

dytiscids and has an outer lattice of muscular layer. The
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inner epithelial layer is granular, highly vacuolated and

the nuclei are largely located at the base. This layer has

a basement membrane and the lumen is lined by a very thin
intima. The intima is broken up at places facilitating the
escape of secretions into the lumen, 1In between the basement

membrane and the outer lattice of muscular layer is a layer

of circular muscles.

Ejaculatory duct: (Pl. X, Fig. 1)

The ejaculatory duct has an outer layer of circular
muscles and an inner layer of epithelial cells. At some
places the epithelial layer is thrown into folds into the

jumen. The intimal lining is thin.

Accessory gland: (Pl. X, Fig. 2)

The gland has three distinct layers. The outer layer
is formed of longitudinal fibres. The inner layer is the
epithelium and the cells are columnar, The nuclei in these
cells are located at the bases of the cells. The cytoplasm
of the columnar cells is highly granular at their apex and
vacuolated towards the base. The epithelium has a basement
membrane. The layer between basement membrane and the outer

muscle fibres 1s that of circular muscles and very conspicuous.

A very thin intima forms the lining of the lumen.

Hydrous indicus Bedel

Testis: (Pl. X, Fig. 3)
The testis belongs to the complex type of testis. It

js composed of a large number of follicles arranged around the
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distal end of the vas deferens. The follicle is covered by

a thin epithelial layer. The epithelial cells are not dis-
tinct at the anterior end of the follicles, while they ars
traceable towards the posterior end. Each follicle is a unit

havinz all the stages of spermatogenesis in the sequence

(vide supra).

Vas deferens: (Pl. X, Fig. 4)

The vas deferens has an outer syncytial sheath (SSH)
and an inner cuboidal epithelial layer. Between these two is
a thin layer ol circular muscle fibre. Intima (IT) is absent,

The nuclei of the epithelial cells are oval and are placed

at the base. Each nucleus has a very distinct nucleolus. The

nuclei of the outer tyncytial sheath are oblong or elongated.

seminal vesicle: (Pl. X, Fig. k1
The wall of the seminal vesicle consists of an outer

layer of circular muscles and an inner layer of epithelial
cells. The circular muscle layer is slightly less thick than

the inner epithelial layer. Basement membrane (BM) is present
at the base of the inner epithelial layer. The intimel lining

is thin. The lumen is packed with spermatozoa.

Ejaculatory duct: (Pl. X, Fig. 6)

Ejaculatory duct has a thick outer compactly arranged
circular muscle layer and an inner thin epithelial layer. The
lumen is considerably reduced, and is lined by a thick intimas

A few spines from the intima are projecting into the lumen,
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Accessory glands:
Opaque gland: (Pl. X, Fig. 7)

The opaque gland has an outer layer of longitudinal
muscles (LM). Following this layer is the circular muscle
layer (CM). The inner epithelial layer is septate and only
the basement membrane extends into the septa (SEP). The
epithelial cells are columnar, highly granular and secretory
in nature. The interseptal spaces are filled with coarse
granules and highly vacuolated. The lumen of the duct is
1ined by intima and the secretions are seen escaping through
st into the lumen. The lumen is filled with secretions which

are acedophilic (takingz eosin).

Appendix of the opaque gland: (Pl. X, Fig. 8)

The appendicular gland has an outer longitudinal layer

of muscles followed by a layer of circular muscles. There

is a distinct basement membrane from which the inner layer of

columnar epithelial cells arise. Thecells of this epithelium
appear to be in more than one tier. Cytoplasm of these cells
contain vacuoles and fine granules. The nuclei are situated

at base, and the nucleoli are distinct, Unlike in opaque
glands septa are absent. The lumen is much obliterated and

the intima is not distinct.

Transparent gland: (Pl. X, Fig. 9)

This gland has a single layer consisting of epithelial

cells and the nuclei are situated at their base. The cytoplasm

is highly granular and the cell walls facing the lumen are
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INTERNAL REPRODUCTIVE ORGANS OF FEMALES

Dytiscidae

Species examined:

Canthydrus laetabilis Walk,

Laccophilus flexuosus Aube

L. sharpi Regimbart

Hyphydrus flavicans (Regimbart)

Guignotus sp.

Herophydrus mucicus {Klug)

Eretes sticticus (Linn)

Hydaticus luczonicus Aube
Cybister tripunctatus asiaticus Sharp

In Dytiscidae two types of reproductive organs are
observed; one type opens to the exterior by a single genital
opening, namely the wvulva (V) and the other type opens to the
exterior with double genital openings namely the ovipore (ove),

and the bursal ostium (BO). Reproductive organs with double

external genital openings are common among ditrysian Lepidoptera

(Klots 1956, Imms 1963).

Amongst the coleopterans double genital openings are
so far reported only in three genera belonging to Hydroporinae
and Colymbetinae of Dytiscidae (Heberdey 1931,Jackson 1960).

Apparently such a condition is now found to be common among

the dytiscids studied except those of Dytiscinae,

The ovarioles per ovary range from 8 in Canthydrus

laetabilis to a maximum of 30 in Cybister tripunctatus asiaticus
HE = -ﬁh_._______—.




< Q95 >

This ranze almost closely agrees with that given by Robertson
(1961)., The ovarioles in the reproductive organs of dytiscids
are polytrophic and are in accordance with the established

characters of Adephaga (Imms 1963). In both the types the
lateral oviducts unite forming a common oviduct., The common

oviduct joins the vagina (VAG)., The spermetheca (SPT) opens

at the junction of the vagina and the common oviduct. 1In

dytiscids having single external genital opening, the vagina
opens at the end of the ninth segment, while in beetles having
double external
ansformed to serve the function of bursa, while another duct

reproductive apertures, the vagina has been

tr
that arises from the anterior end of the 8th sternite joins
gt the junction of the common oviduct and spermatheca. This

new duct opens at the base of 8th sternites and discharges
the eggs during oviposition. Hence it is functionally known
as vaging. The original vagina of the beetle having double

genital openings is transformed into bursa copulatrix (BC).
The bursa anteriorly gives rise to a duct known as bursal
duct (BD)e In the different genera the bursal duct may
directly opem into the vagina or may open into a spermatheca.
In the latter case, the spermatheca may open either through

a long, or a short tubular connection namely the spermathecsl

duct (SPTD) °
jtrysian Lepidoptera. Thus ameng Dytiscidae two

The bursa is always dorsal to the ovipore
I

unlike in D
Lypes of female reproductive organs are found (vide supra)

wey to the abbreviations used in the text:
c ovD Length of common oviduct

L VA Length of vagina
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L BD Length of bursal duct
L 8P0D Length of spermathecal duct
L B Length of bursa

A1l the measurements are taken in millimetres.

Canthydrus lasetabilis Walk. (P1l.XI, Fig.1)

Each ovary consists of eight polytrophic ovarioles;
common oviduct about one-third the length of the vagina. The
vagina opens outside as ovipore and the ovipore lies at the
base of the 8th sternites, The bursal duct opens at the
junction of the common oviduct and the vegina., Bursal duct
about three times the length of the vagina; bursal duct
typically convoluted as in the figure, and lies agbove the
vagina just anterior to the bursa (BC). Bursa about 0.32 mm
long and opens dorsal to the base of the valvulae, Sperma-

theca absente,

Laccophilus flexuosus Aube (P1l.,XI, Fig, 2)

c ovD 0.20, L VA& Quhs5, L BD 1.60

A total of 41 polytrophic ovarioles present in the

ovariese. Common oviduct about half the length of vagina.

The vagina opens outside by ovipore which lies at the base of

the 8th sternites, supported by Vvaginal sclerites and the

intefmediate sclerite (vide p.61). Bursal duct three to four

times longer than vagina, hizhly convoluted forming a bundle

hich 1ies above the vagina. Bursa 0,55 mm long and opens

ot the pase of the valvulae. Spermatheca absent,
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] F = e )

C OVD Oo 2O \] 55
) L A Oo 3 [ B
D 1 00—1 o
. QOS

A total of 38 :
e o 38 ovarioles are found in both the .
o about one-third the length of vaej ovaries,
(pfsitjon of ovipore as in L. flexuosus, Pseudaglna. e
PSPT) present and the duct between the pseudosoesiermatheca
the bursa is 1,00 to 1.65 mm long. The duct sethees end
pszudospermatheca and the vagina longer than ::tween the
e bursal duct,

Bursa 0.7
0 mm long, longer than vagina, and
) opens as in

L. flex lll
UOSUSo Ihe Spermathecal duct muc on er
e ——— g than bu]
Sal

duacit.

Hyphydrus flavicans (Regimbart) (P1.XI
] 9 Figql})

L VA 0,25, L BD O
.70

c OVD 0035,
A total of 36 polytrophic ovarioles pres
ent in the

’ gl a

Ovaries‘
Ortl i h
p Hg SClerlbeS bub Opens Outside ah Lh
2 ase
Of

with no sup
the 8th sternites. Spermathecal duct joins at
at the juncti
tion

common oviduct and the vagina by s broad
oad duct B
° ursa

of the
shaped anteriorl
y, stout slon
gate and lon
ger

than vaginae
lerotized and tube-like with subterminal
nal openin
gs;

highly S¢
Spermathecal duct one-thirds the length of th
e bursal d

uct.,

Guignotus sp. (Pl.XT, Fig,5)

C OVD 0,15 L VA
0:15
gvarioles polytrophic, length of com
mon oviduct
equal

o that of vagina; vagina with no supporti
ng sclerit
€85 as in



< 98 >

Hyphydrus flavicans, and opens to the exterior at the base of

the 8th sternites. Spermathecal duct absent and the sperma-
theca directly connected to the common oviduct. Bursa
copulatrix wide and opens at the end of the valvifers, Bursal
ostium dorsal to the ovipore; bursal duct several times longer
than vagina and probably about four times the body length,
highly coiled forming a thick bundle and lies above the vaginag,

spermatheca highly sclerotized and conspicuous.

Herophydrus musicus (Klug) (P1l.XI, Fig.6)

c OVD 0.12, LVA 0.3, L BD 1.00

Ovaries consist of a total of 36 polytrophic ovarioles.

Common oviduct between one-third to hslf the length of the

vagina. Vagina with no supporting sclerites as in Hyphydrus

flavicans, and opens at the base of 8th sternites. Bursa

copulatrix highly sclerotized, hollow hemisphere with a rim,
and O.45 mm long. Position of genital openings same as in

the above species. Bursal duct slender and coiled, slightly

over three times the length of the vagina, Spermatheca

present and covered by thin layer of‘muscles. Spermathecal

duct short (0.1 mm long) and approximately equal in length tg

that of common oviduct.

Eretes sticticus (Linn) (P1,XI, Fig.7)

c ovD 0.16 L VA 0.3

& toBal of 3 polytrophic ovarioles present in the

Terminal filaments of the ovarioles of each ovary

ose forming an apical ligament (TL). A peritoneal

come gl
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sheath envelops the ovaries. The ligaments (TL) extend

anteriorly through the thorax into the head provably attach

to tne oesorhagus. Common oviduct about half the length of

the vagina. Vagina opens to the exterior at the base of

valvulae as vulva. Spermatheca globular with a spermathecal

gland. The spermatheca joins at the junction of common

oviduct and the vagina by a short (0.1 mm) duct., Sepsrate

bursa, bursal duct and double genital openings absent,

Hydaticus luczonicus Aube (P1l.XI, Fi-,8)

Total of fifty ovaridles present. No appreciable

sticticus is noticed in the rest of the

variation from Eretes

internal reproductive organs.

Cybister tripunctatus asiaticus Sharp (PLHT, Fig.9)

c ovD 1,00 LVA 7,5

Total of 60 polytrophic ovarioles present, Terminal

£ilaments join and extend as in Eretes sticticus, Common

uct one-seventh to one-eighth the length of the vagina:

ovid
ina as in the above insect, Spermatheca cylin-

opening of Vag
o1 and bears a gland at the distal end. Spermatheca

dric
he junction of common oviduct and vagina, Sper-

opens at t
its duct about 6 mm long. At the junction of

matheca and
ce ducts a pair of closely adhering accessory glands

these thr
) observed (Sindhu 1961). Separate bursa, bursal duct

(ACGL

nd double genital openings absent,
a
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Syrinidae

Th= ovari
oles are polytrophic as in Dytiscidae
Seventecn ovariocle |
- o £ s per ovary are [
ound, In Di
ineutes
EaseutiBs

discolor Aube, Rooertson (196
tone 1) found 25 ovari
ovarioles per ov
== I ary,

£ r @ . m,th Cal land i
g =} a s externally indisti neuis
Th spe S e hable fro
=] m

the spermathezca.

For a key to the abbreviations used in the text
X

vide pp. 95-96.

Dineutes unidentatus Aube (Pl,XI, Fig,10)

¢ o¥D D,75% L VA 1,45

A total of 34 polytrophic ovarioles present, C
. ommon

oviduct about half the length of the vagina, bent at th
’ a e

middle and the bend attached with a muscle strand, The b
® e ursa

copulatrix and the spsermatheca together slightly longer th
ger an

the vagina. The anterior part of the bursa enlarged formi
ming

sPermatheCa and its gland.

Hydrophilidae

examined:

sternolophus rufipes (Fabr,)
Bedel

Perch

Species

Hydrous indicus
B senegalensiﬁ

The ovarioles are telotrophic as characteristic of
0

haga 'O which thi

are joined with each other forming a
short sus

penSOry

ily b
e s femily belongs (Imms 1963). The termina]
a

fi lamel’lts
anteriorly each lateral oviduct is
expanded form;
ing

]igameﬂt-
x (Snodegrs
le known &s calyx ( gress 1935) At th
" e base of t
he

receptd®
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calyx (CLX) long tubul
ar glands (ACGL) are
observed (Dat
La

1
JU_Lta and Kumar‘ 1963). Snodgr‘ass WI '1tes l;hat amonge
ng insects

the oviducts are generally simple tubes without ac
| cessory
structures of any kind, though in the Acrididae the
' anterior
end of each is prolonged into a2 tubular gland. a b
e ursa copu-
latrix with terminal s
permatheca and s
permathecal gland j
is
przsent as a diverticulum of the wall
of the vagin
a2 (Imms 1963
2

The vagina opens exteriorly by vulva (copulat
atory

p. 763).

as well as ovipositing aperture). Vulva is at the d
' enda of

ninth segment.

For a key to the abbreviations used in the text

vide pp. 95-96.

(P1. XI, Fig. 11)

sternolophus rufipes (Fabr.)

c ovD 0.9 L VA 0.2

Each ovary with 25 telotrophic ovarioles, terminal
b}
filament united forming a short ligament, overioles stalked
e

ranged around a short calyX. From the apex of the

and ar
about eight glands, branched slender and tran
S=

calyx arise
t in nature. From the base of the calyx arise four 1
' ong

paren

rybylar acce

er thanl the vaginae.
Bursa (BC) fusiform and several times

ssory glands. Common oviduct four to five tj
1mes

Vagina opens at the end of the ninth

long
segment as VYA

to the bursé by a duct.
ed and opens at the anteri
stalk p or end of spermathecg]

atheca s
y Sperm mall globular body attacheqd
spermathecal gland shorter than
bursé,

ducte.
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Hydrous indicus Bedel (Pl. XI, Fig. 1Za,b,c,d)

C OVD 1,50 LVA 1.30

Each ovary with 55 telotrophic ovarioles; arrangement

of ovarioles as in Sternolophus rufipes; a few ovarioles
oranched (Fiz. 12b; Datta Gupte and Kumar 1963), maximum

oocytes observed is two. Branched structures (Fig. 12c¢),

probably similar to the branched glands of Sternolophus rufipes
arise at the distal end of the calyx, but shorter than those

of the preceding insect. Base of calyx with four long tubular

accessory glands. Comron oviduct and vagina almost equal in

length, Vagina opens outside as vulva at the posterior end

of ninth segment. Bursa (BC) about two times the length of

vagina, cylindrical, anteriorly narrow, Spermatheca as in

wﬁ rufipes.

51 to the bursa.

Length of spermathecal gland almost

equ

Hydrous senegalensis Perch (P1,.XI, Fig. 13)

C OVD 1,60 LVA 1,00

Gach ovary consists of 60 telotrophic ovarioles;
ovarioles arranged serially on either side of the calyx, calyx
long; four long tubular glands (not longer than the ovary)

3

demarcat® the calyx from the lateral oviduct. Common oviduct
Jonger than the vagina, Opening of vagina as in the other

hYdroPhilidS studied, Bursa about four times longer than the

cylindrical with broad anterior end. The position of

vagina,
permatheca subterminal on the bursas and opens into it by a
s

thecal duct. Spermathecal gland opens into the sperms-

checal duct:

The gland equal or slightly longer than the bursa

cop
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ORGANS OF FEMALES

Species examined:

Eretes sticticus (Linn) (Dytiscidae)
Dineutes unidentatus Aube (Gyrinidae)
Hydrous indicus Bedel (Hydrophilidae)

Eretes sticticus (Linn)

The ovariole is polytrophic (Pl, XII, Fiz. 1). It is
enveloped by an outer syncytial layer (SSH). An inner single
layer of follicular epithelial cells encircle the developing

ezzs. The follicular epithelium (FEP) near the basal well
developed egg is consisting of flattened follicular cells.

At its anterior most region, the germarium consists of a large

number of primordial germ cells. Posteriorly the germarium

has a few nutritive cells (NRCL). The primordial germ cells
(OGN) are smaller thsn the nutritive cells. The nucleus of
nutritive cells is larger than those of the primordial germ

cells and occupies a greater part of the cell leaving very

1ittle cytoplasm.
In the ovariole, groups of nutritive cells

The nucleus of nutritive cells is strongly

pasophilicCe
1ternate with the oocyte. Each ococyte is arranged singly
a

4 its ocoplasm is acedophilic. The nutritive cells are
an

psent anterior to the well developed ege. Inter-follicular
a

11s (IFC) are very distinct.
ce

The lateral oviduct (Pl. XIT, Fig. 2) is composed of g

 ngle 18ver of columnar epithelial cells. A few scattered
si
tudiﬂ81 muscle fibres are found around the epithelial

1ongi
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la:‘r‘ Tn’-‘ er' =3 4 4
¢ epithelial layer is lined by intima Th
. & 1rrtima

bear i whi j 1
s spines which project into the lumen The 1
o e longitudinal

™

4]

THUSC]_ = 13 a[](i
es l,OO extenﬂ 1nt0 the J.OldS. The il’ltlm i |

| ma A8 thn
Spll’lOUS .

The spermatheca (PL. XII, Fig., 3) has an outer 1
_ L ) " r layer
circular muscles followed by an inner of columnar "
epithelium

Lini-z the epithelial layer is the intims The 1 B
- S umen as
spermatozoa (SPZ).

The spermzthecal gland {(P1l. I i
- XIT, Fig. &) has
3 an outer

thin layer of muscles and an ianer
: columnar epi i
pithelial 1la
| | yer,
ithelium at some places is seen forming short fold
olds.

The ep
of these cells is granul
S ar. Tritinia 4
is present

The cytoplasm
The vegina (Pl. XII, Fig. 5) has a thin layer of

udinel muscles followed by a thicker layer of circul
ular

longit

musclesa The epithelium 1is thrown into folds which extend

into the lumen. The lumen is obliterated by these folds. Th
. e

helial layer is lined by wavy intima,

epit
Dineutes upidentatus
The ovariole 1s polytrophic as in Eretes sticticus
The wall of the lateral oviduct is very thin and mainl
alniy
consists of a single layer of cuboidal epithelium. The nuclej
. i
of each cell is round and 1é@s a distinct nucleolus. This
br q
epitheliV” has a bosement MEMOTARS: The longitudinal muscle
— if present are fevw and found scattered. They erouped
ct layer. The inti
todether to form 2 compé ¥ e dntima strongly appears
2

to be absent:
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The common oviduct (Pl. XI1, Fig. &) has two distinct

ST eY = T = ) 1 = -
lzvers; the outer thin layer of circular muscle fibres and

inner folded erithelisl layer. The cells of the epithelial
e ! a
laver are columnar and have distinct nuclei This layer 1
. S S

tharown into many folds which extend into the lumen

The spermatheca is an elongated bladier-sheped struc
ture. Sepsrate spermathecal gland is absent. The spermatheca

has an outer layer of circular musclzs, The inner epithelium

js drewn into short folds., The epithelial cells secrete a

thick layer of intima. The posterior end of the spermatheca

is drawn into a duct which is distinct only in a longitudinal

section.
The bursa (PLl. XII, Fig. 1) has an outer circular muscle

1ayer and an inner epithelial layer. The latter gives rise to

folds which completely obliterate the lumen. Intima is very

thicke

Hydrous indicus

e ovariole is telotrophic. The nutritive cells are

Th

d at the anterior end of the ovariole (Pl, XITI, Fig. 2a)

.‘1

Terminal filament is presente.
The thinner syncytial sheath (SSH) is the

o) 13Y81"So
(Fig. 2b, and oc). Beneath the layer is the cuboidal

by tw
er one
al layer (EP ).

(FEP) - The follicular cells are also

out
The developing eges have been surrounded

epitheli
jcular cells

ween the egg Ch
germafium has developing follicular cells (PFC’

by foll i
ambers in the ovariole. Towards the

resent DeF



< 106 >

A trans ic
ansverse section of the accessory gland (P1l. XIIT
F i . s . ’
ig. 3) of the lateral oviduct is composed of an out h
. : : er thin
lazyer of circular muscle fibre which is broken at some pl
| . . : = places.,
The epithelial layer is evaginated from these broken pl
. places to
form small projections Thi
T . is layer is made u
g p of columnar
These cells have compactly arranged granules and are

cells.

S

(SE) into the lumen. Intimal lining is absent

Datta Gupta and Ravindra Kumar (1963) reported the

resence of intima in the lateral oviduct of Hydrophilu
! S

D

olivacius. The latersl oviduct has an outer scattered 1
ongi-

tudinal muscles followed by a layer of circular muscles Th
o e

epithelium is thrown into folds which extend into the lume
s

The spermathecal gland is an elongated sac-like struc

ture., The wall of the gland is thickened by three or four
tiers of cells (Pl. XIII, Fig. 4). The lumen is lined by thin
intima. The secretions are eosinophilic. The stalk of the

gland has around it the circular muscles and the lumen is lined
by thick intima. The epithelial cell layer is much obliterated.
sult they are indistinct. The spermatheca is a hard and

Asar‘e
It is devoid of any muscular covering (Pl., XIII
?

round body-
The outer thick layer 1s columnar and compactly

Figo 5)‘-"
anged to a greater
ular spaces at 2 few places. The lumen of the Sper

exce
arr extent pt for the occurrence of

sntercell

cca is lined by a t
hecal duct has an outer circular muscle layer
]

. nick intima, and packed with spermatozoa

The spermat

" epithelial laye
yers are Present in case of bursa, but greatl
b

e r and intima (Pl. XIII, Fig. 6 ). The

same three i
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pronounced, The epithelial folds are projscted irto the

lumen and the folds are further branched, partly reducing the

lumen oi th= bursa.

----------
..........



CHAPTER VIII
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ACCES30RY COPULATORY STRUCTURES

In this chapter sexual dimorphic structures of the

males, which are used in holding the female during coitus
g are

studied.

In Dytiscidae the cupules are restricted to the basal

three tarsomeres; in Dineutes indicus they are present on all
the five tarsomeres of the foretarsi, and in hydrophilids they

are present on the basal three tarsomeres. For convenience

of description the cupules are divided into two types viz,

microcupules and macrocupules. In the former, the adhesive

disc of the cupule is equal or longer than the
Each cupule has a tubular stalk

stalk, while

in the later it is shorter.
and a terminal disc-like expansion. According to Lowne (1871)
‘ 3

part of the tarsus in Dytiscus is hollow and

the expanded
and the bases of the cupules open into

ains a large sac,

1 1912).

cont
These cupules pour out glutinous

this sac (Mial

n when applied to th
hat these cupules assist the male in

— e smooth surface. It has been
se :
ved beyond Aot

1ding the female du
s 1963, Borror and Delong 1964). I have found

pro
ring copulation (Lowne 1871,

firmly ho
1912, Tmm

cisfaction that all the species selected at random

Blunck

e my B2 d i
Hyphydrus flavicans, Herophydrys

pecieés of Laccophilus:

pretes sticticus, Ezgatlcus luczonicus, Dineutes
—-—-—ﬂ-’-'--—'—
osus gpecies) left glutinous secretion on

W ; i
;des wherever it is touched by the cupules. This
¢ these cupules and the restriction of the

(the S

e nature o
ales is taken pq be sufficient tq

adheSiv
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include a study of these structures in the present work und
B

the chapter 'accessory copulatory structurest',

The disc-like expansion of the Cupules is an elastic
transparent structure stiffened by radiating ribs, which in
b

many ditiscids are observed projecting besyond the edge The

cupules are located on the ventral surface of the tarsomeres
With regards the description of the tarsomeres, the
?
surface orientation of Snodgrass (1935) is followed.,
Dytiscidae

ecies examined:

Canthydrus lagetabilis Walk,

Laccophilus flexuosus Aube

L. sharpi Regimbart

Hydrovatus acuminatus Motschulsky

Hyphydrus flavicans (Regimbart)
Guignotus sp.
(Klug)

Herophydrus musicus
Copelatus sp.
Eretes sticticus (Linn)

Hydaticus luczonicus Aube
Cybister tripunctatus asiasticus Sharp

In most males of dytiscids the basal three tarsomeres

and mesotarsus, are either incrassate or widened

of the pro
g 8 flattened platform (tarsal pad) from where the

formin
The tarsel pad may be circular or oval op

cupules arise-
The pads are generally fringed witn stifr pointed

elongatee. 3
erior an
qe on the proximal, ant Posterior margins of the

set
]e the distal margin is usually devoid of sych setae,

nad whi
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Canthydrus laetabilis Walk

-aI"SUS wi .
1 h 1 i p e

dj fferent from female.

Laccophilus sharpi Regimbart

Protarsus: (Pl. XIV, Fig. 1)

Tarsus arcuate (sickle- f
e-shaped) i 2
, five segmented :
g , thinner

nd

the ventral surface with indistin
ctly flatten
ed transver
se

zones; on each zone a transverse row of microcupul
pules pres
ent.,

wit
ith two transverse rows of cupules, each
y €ac

The basal tarsomere
row containing four cupules; the second
1 and the third
tarso-

ith only one transverse r
ow of four dist
ally

meres each W
Cupules directed distad and each be
ars an

placed cupulesSe
The base of the stalk fits i
into a socket. S
y etae

ova discCo
jnity of the CuPUles chin. Ihe dorsal surf
4 ace

in e vic
w of long hair-like setae

nedially possesses a r'o

Mesotarsus:
neement, and the number o
. f cupules remains same

The arra
f male protarSUS-

gs in that ©

i1lus flexuosus Aube

Laccophi U=

(p1. XIV, Fig. 2

i th
pear a large number of
clearly visj
sible

segments s

globulal sacs inside- Tarsus bears four transverse rows of

cupulesi ©° — first tersomere, and one on each of
s econd and thée thir garsomeres. The first row differs
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from th
=t of L
. Sharpi 1 s
pi in having fi :
> iyve mlCTOCupul
es A
. row of

medially
y placed 1 i
ong heir-like setae pre
sent on th
e dorsal

surface.

Mesotarsus.

Same as above,

Hydrovatu
s agcuminatus
Motscnul
sky

Protarsus: (Pl. XIV, Fig. 3)

[a s f- eres w]dened
rsus L ve SegmentEd, basal three tarsom o
e a Surfacv fl |
[ 8t and bears SCEEEEIEd Cup i S |
= U]es; ir
n[r & tars -
V (o}

W.th fO i i
ul tO fer mlcr‘OCU.pllleS ' SeCOI]d
’ and

mere.
wilk
arsomeres i
es}wo or more microcupules each
ach, A f
ew tub
(<N

third t
1ike adhesive
A sEPHETUIES ; probably tenent hai
irs (P
als r ack
o P esent- Second and third T — ard 1912)
. corisists of
four and eight tenent hairs Feepostinely, & £ ' about
) ew marginal
Setae

located on either s
e deeply bifid at the distal end and
conceals th

@

ide .
of the first three tarsomere
1 S Third

tarsomer’
er fourth tarsomere. The dorsal surface
of the en
larged

a r. 1 ‘ *,
ae a

tarsus bears
jd-length, the fifth tarsomere bear
S ah anteri
iorly

At the W
The
females lack such set
a.

ted distinct Spine-like seta.

direc

Mesotarsus=
ive Segmented, basal th
ree tarsomeres

Mesotarsus f

ar adhesive structures ventrall
y.

widened and be
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like setae on ths 4
11l a ¢ dorsal surface F i
; " ourth tarsomer
mere shorter
than any one of the tars
someres and conces I
saled by th i
e distal

lepss of the thir
ird tarsomere. Last tarsomere with no anter

iorly directed ventrsl seta.

lesotarsus:

As in the protarsus.

Herophydrus musicus

protarsus: (PL. XIV, Fig. 6)

Tarsus consists of four tarsomeres; basal three t
arso-

meres flattened ventrally and bear a number of compactly set
microcupules;.first tarsomere bears the microcupules zll
along the ventral surface while the second and the third bear
them only at the anterior half; middle tarsomere of the tarsal
pad smaller than the other two; third tarsomere deeply bifid,
of =11 these tarsomeres bears a median

The dorsal surface

1ongitudinal row of halr-
than the preceding tarsomere, and bears a single sub-

like setae. Terminal tarsomere

inal anteriorly d
erply pointed at the tip unlike those in females

irected seta winich is absent in female
o

term

The ungues e

where they\are plunt.

Mesotarsus:

As in pI"O tarsusSo.
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Cpgelatg§

Frot :
rotarsus: (Pl. XIV, Fiz. 7)
3 et
Tarsus fi
al ive segm VN
gmented; first three tars
omeres ex
Panded

t" itllE a eloll a F e
Of th i
S

F:E‘]d convex Whll
v e the ventral su-face more or leSS I|attened
OSteriOT mea i ‘ P"
Dln Of the tarsal pad with thT I .
P reg icke g f h
owth O i
ST

l ] & S" 1 ll t
R o} ae ‘ i
WO

rows ol microcupu g four
pules, each row bearin o

ocupule

s

disto- i
ventral margin while the other
= & LitEl
e

row at the
The secon
nd and the third tars
omeres

proximal to the latter.
with a sin i
gle row of four disto-ventrally placed
ced microcu
upules

Protarsus i
consists of a total number of sixt
een Cupul
es.

Mesotarsus:

As in protarsus.
Eretes sticticus

(p1. XIV, Fig. &)

Pr-o t,ar‘su5:
ed; basal three greatly f1
at-

tarsus five segment

Pro
sl di ;

r tarsa 1sc¢ containing many c
upules

tened forming & circula

urface. Basal tarsomere contain
8 two m

acro-

158 ventral s
4 three patches of microcupules; each
b]
patCh conssi

pules;

on

cupules 2
one pat i
patch lies at the anteri
n igr

of about four microcu
and theé other at the posteri
on the median line. The socond and the third tarsom
roximately 12 eres each
of the pad are of identical 1

ength,

or margin, the thi
hird
patch lie
s

r' U | I 2

with apP
ns of the t

margl
e entire mar

Around th
d spine-

1ike setaeé present,

curve
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Mesotarsus:

Five segmented and devoid of tarsal pad and ¢ 1
upules,

Hydsticus luczonicus

Protarsus: (Pl. XIV, Fig. 9)
Tarsus five-segmented; Dasal three tarsomeres greatl
T atly

flattened and plate-like together forming a circular d
| pa

hesring cupules and setae. The anterior and the posteri
pif 7o

mergins of tne tarsomeres of the pad with unequal lensth, T

£5 ° he

anterior, the posterior and the proximal margins of the t i
arsa

setae. These setae are closely set on

pad bear single row of
the proximal and the posterior margins of the first tarsom
ere

while the remaining marginal setae of the pad somewhat dehi

scently placed, some of these setae stout. Ventrally the
st tarsomere bears ni
les larger than the rest.

and siX microcCupules respectively

Fir ne submarginal cupules, two of the
proximal cupy The second and the
third tarsomeres bear seven
o first tarsomere to the third tend to be

The cupules from ©

gradually sm
for a few distally

sller in size. Tarsal pad mostly with macrocupul
es

except placed microcupules; four of the
yles on th
of the reste.

o median axis of the Dbasal tarsomere much larger

cup

than any porsally the first tarsomere bears two
£ black minute spine-
e dorsal surface of the second ang

like setae, An oblique row of

rows ©
s extend on th

ute spine
1 pad wit . .
arsomeres. Tarsat P h no hair-like setae on

min

the t¢hird t
the dorsal gurface.



< Mz s

— [P
ow formed of eighteen cupules: basal half of this ¢
| = arsomere

wlth 3 triasngular patch of

] : closely arrane i
ged spine-13
= BLlle=like Setgs.
5

second tarsomers beaIS a singzle i ’
= = ow of twenty el
pules‘ thi
) llI"d

i ctea ik X =
tarsomere consists of a row of eighteen Cupules

iesotarsus:
Tarsus five segmented and devoid of tarsal pad
e

cupules,

Gyrinidae

Speciss examined:

Dineutes unidentatus

Unlike in dytiscids all the five tarsomeres of the protarsus
of the male widened forming an elongated tarsal pad, which jis

frinzed with cupules. Such a tarsal pad is present in
rinus (Misll 1912), also in Andogyrus (Bachmann (1959 ang

Syr LoV
The forelegs are prehensile in both male ang female

1966).

and are suitable for
ale the 'suckers' of the tarsal pad are believeq to

their predatory habit, Misll writes

that in M
of use TO grasp the female. Unlike in dytiscids the secong

be

paid Of leg
ory copulatory str

s are greatly flattened for swimming and bear no

uetures (Miall 1912)

gecess
cutes unidentatus

Din
(p1. XTV, Fig. 1)

Protarsus’
gmented; all the segments widened

arsus five S€

pro® s} #
; emale ormin
1 in £ g a tarsal pad; tarsal

rma
.1e they are 1o
(while rsomeres wide
first four ta r thah long; all the

pad elongat®
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tar i i
arsomeres fringed with numerous compactly set micro I
Cupules,

viesptarsus.

Flattened ani oar-like; no accessory copulatory

struoctures.

Hydrophilidae

Species exsmined:

Coelostoma stultum Walk
Paracymus evanescens (Sharp)

Enochrus sp.
Sternolophus rufipes (Febricius)
indicus Bedel

Hydrous
Hydrous senegalensis Ferch
Berosus indicus Motschulsky

3. pulchell
B, nr. nigriceps (Fabr. )

Both protarsus and mesotarsus are examined for the

ssory copulatory structures. The examination revealed

acee
essory structures are not common to all hydro-

that such 3€C
s and when present they are restricted only to the

philid
rotarsus. HOWeVer, some sexual dimorphic structures which
p L

ear to be the accessory copulatory organs are present in
app

of the hydrophilids (ex. Paracymus evanescens and
ew

a f ;
) and hence theY are 2lso described. About a]j

Hydrous indicus
pes of sexual d
T ing t : x

¢ aid in coupli he sexes are Just indicateq

imorphic structures on the tarsus which

other tY

rently do 7O
not conform to the title of this

appa d
1y to tell thet they =
on
latory st :
r. The accessory copulatory structures are distinct in
chapter-
eCiSS.

Berosus SP
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Hydrous indicus 3edel

Protersis: (Pl. XV, Fig. 2)

Tarsus five segmented; sexusl dimorphic Structures

present. Tersus of female of uniform breadth throughout
wnile that of male zraduszlly increases distad; disto-ventral
surface of tne fif'th tarsomere bears z patch of stoyt short

plunt and black spine-like setae. Cupules absent,

vwesotarsus.

No sexuszl dimerphism.

Hydrous senegslensis Perch

Protarsus: (Pl. XV, Fig. 3)

4 in the fe ¢
Tgrsus five segmented as 1 ¢ lemale; last toarso-

mewhat wider than that of female. Cupules absent,
mere SO

Mesotarsus:

Sexual dimorphism absent.

perosus iggiggg Motschulsky

e

Protarsus: (pl. Xv, Fig- L)
ro

rent segments; first ang se
four appé cond
U.S beal"s

rs _
Te P the protarsus consists of five

res fused (In

rsoine )
o s,k the first
F

four tarsomeres begr on their
t

. segmell
lnct

dist
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ventral surface two rows of spine-like setae). The basal

Tw0o tarsomneres bear a nunber of compactly arranged micro-
cupules on their disto-ventral surface. On the first tarso-
=were tney extend more tnan half of its lenzgth; last tarsomers

long=r than any one of the other segments.

MEss e aus:?

No sucn structures cbserved.

3erosus pulchellus #i'Leay

Protersus: (Pl. XV, Fig. 5)

The number ol tarsomeres and their arrangement as in

But the cupules arise anteriorly in less than

B, indicCusSe.

—_—

half the length of the. tarsomere.

pine-like setae present.

On either side of the

patch of cupules s

Mesotarsus:

No dimorphism noticed.

Berosus nr. nigriceps (Fabr,)

(pl. XV, Fig. 6)

Protarsus:
r tarsomeres; position and arrangement

Tarsus with fou
as in 3. pulchellUs; spine-like setae present on
S —
of cupulé ﬁ
: Je of the patch of cupules,
3

ei ther 5



A
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DISCUSSICON

ASDOMINAL SEGMENTS

Dytiscidae

; glic l"epO =)
om

.ytiscidae show ¢ 1
e show cert iirf(
ain dir{erences, Tonner {19
227 )
observy
erved

L; n aDdoml i IT
e |8 llus
——— i acula['
=) us

In Dyti marginalis h
ytiscus areinalis, Demandt (1912) d
/ and Korsche
Lt

(3erm).
) label the last visible and undivided
ed sternum
as

(1923-"44
the 8th. Grass '
" nrasse (1965) incorporated this fi
gure withou
1 ¥

sglteration.
my studies ol WOre than 2 dozen
spegcies
s O

Howai ’

adult dytiscids have re
I have, in all these beestles, f
e5, found the last

the abdomenl.

ir
o be the 7th sternum in contrast
to

tractable sternum €

nonre
~tions made DY pDemandt and Kor
{orschelt Th
. e &th

the obsery
5 divided into a p?

jr of sternites

sternum i
(1894) |

5 in Q_X—t-,_j;scus .
1 segments have been observed i
in

Pey—toureau
A .
ccording to Peterson

bdominal somite

jne abdominé
B species of Dytiscid
aeg and fur
ther,

nine 2
(1253), onty ©
1 stazes of mo

. usually greatly reduced in si
zZe.

the larvé

Balfour—Browne (1932)
jscus as the 7th and the divig
ed sternj
Nites

terna of EIE‘”"-

the nin
iabels the last of the n
! on-

retractable °
in agreement wi
1th his wi
with
£ numbers to the sterna H
. owe
ver,

38
o the assignment 0

regard I
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L. A % .
'3 - =4 . ‘ Y
) ll.].U.Jtl"aEeS a ver con
St

1

i
~t

3
SL,'—;I"I]MD Ol Cl I
tlnle aon >
e dO;.Ei’l, althOU>3:’l, iI’l tn.e 1 hD
1 ext
2 = Clear‘
y

i ‘.':I".'f,‘: ] "1 f 2) ™ o
AN " o 1?St .
= = e oejmenb as absent or ve y d
| mUC"'l re H()ed
fn‘_,lxt,v 1 = aCt |
& ua 4 > i a8 f .
ll} agsent in COl@Optel" 1
an S or i f i
pr*esen

(a8 .

LIRS EZ

L67)
g8

vestigie
stigial (Jordan 1943, Lmns 1763)

j_L;
uecmi = Y i -
= e o [)[ ese
e ] 3 i,]:l 15 some COIIfUS.OI’l ao tO th
nc
e

al wonna i 1 e 1
t [ 1 g 4 or St na OI the bd an
[f] erl a gnien o
.t Cer‘t i
10 113

the malzs o1 Hy v
alz o1 Hyphydrus flsvicans, Vazi
§ irani

dytiscids. In
’I'/( B T 4

(1968) reports chz 2nd abdominal 'sternite'

as i

having a small

But
, I have found the spine on t
he

spine dirscted backward.
Tt is probable that Vazi
azirani thou ;
ight it to b
e

Lth sternum.
hat the visible
2nd and th
e third

the znd for the reason t
true 3rd and the 4th sterng) are fused
ed with each

sterna (i.€-

s’ CompletelU Obliteratino tne s
J o uture vetw
gen them.

oth
Gyrinidae

ons O i .
n Dinesutes uni dentatus 1t
7

In present observatl
;sible sternum is actually th
e

that the fArat v

is seen
e formed owing to the fusi
= sion of the o

composite sclerit
rd sternae This composite sternum ’
3 is larger than the
e suture betean thess Stap
ng is g
a 18 5Featly

the
g Stel"l’la. Th

succeedil
the larger i 151
st visible sternal

obliterated. similarly,
Jus (Say) (Borror and Delong 19¢
6 )

of Dineutes americé

plate
(qug 8p» (GT8SSE 1965) seem to be a composite scl
Sclerite

and Gyri——
3 with th

ond and 3rd stern
sternum is the 8&th
S
ternum and is

e intermedi
ate sut
ure ab
sent,

of
retractable
onner 1927, Grasse 19¢ -

965, Borror ang

nd 1960).



2 126 >

:t-rl t rnumn iC) Sup asa
;' SG= DOS@d tO be t*le ch I)- r‘r\h
r = lece Of ﬁ (I.
Y ld or

Triloo-te type, the latersl lobes and ths median lob h
e should

he Firmly articulated (Sharp and Mui 5
o arp arn Muilr ‘]914) to th
€ preceding

sclerite (i.e. 9th sternum) as in Byrrhoid type of aede
e agus

o Hydrophiljdae.

Thus, the sclerite which lies anterior to the aede
agus
b

ana ventral TO the membranous IX tergal region, should trul
’ ULy

esent the 9th sternum.

that the so-cslled pasal piece of gyrinids

repr It has been ascertasined in the

present work,
(Sharp and puir 1912) truly represents the Jth sternum and

7
I am disinclined to agree with Sharp and Muir in

therefore,
is sclerite as the basal piece.

considering th

Hydrophilidae

There is difference in the number of externally visible

ctable abdominal sterna in Hydrophilidae.

as quoted by Packerd 1903) illustrated only

yewpor t
s 1D the abdomen of Hydrous piceus

retractable ste
sbdomen of Hydrous acuminstus as consis

five non-
pu (1938) stetes hle

. of five V
=

. us 1 i
ervations on gydrous indicus, H. senegslensis

) isible sterna.
tin

My ©
s belonoino to three o
& ol es 1) 5 genera Of

on five spP
revealed
the abdomen. However, the first

and further i
the existence of six visible and

i1

sternsa
ond scernum) is so small and fused that

tion if not carefully looked at

eful re-examination of H
1, piceus and
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Z. 2cuminatus takinz into consideration the cerrespondi ng
— ztUminatus "
LErss

Z2, woula prove fruitful ,

Jorror and DeLong (1954, p, 281) distinctly featureq
Six zuvominal sterns in szroghi;us triangularis (Say), In
44 a o —_— T 2o

i.e. the true
. - X | vigible
erperently as large as the 2nd Visibls (

his fi -ure the first visible sternunm ({ znd) is
i.2. the true 3rd)

ternum But, none of the beetles €Xamined here show such 5
S im,
largze znd sternum. However, the presence

of 2nd sternup is

: means a common feature of Hydrophilidae. In Coelostoma
0y ho me —===_0ma

ltum and Enochrus sp. the 2nd sternum {s totally absent,
Stu A

There is lack of consistency with regard to the total
ber of abdominal segments. Peytoureasy (1894 ) reported only
nuvmoer

bdominal segments from Hydrophilus Sp. Packarg (1903,
eight a

d Newell (1918) observed ten abdoming] segments ip
. 181) an
p.

. ; laris res ectively. Tanner
; d H, triangu p

ilus piceus and H.

Hydrophi

7) has featured ten segments in the female of
(192

deroghilg§

trigngular’is.

g revealed the €Xistence of only
vations have
My obser

ents in either sex among the hydrophilids,
i minal segm

Hydrous

:th those of Pu (1938) and Wood (1952) on
wi
and agree

—_— = J ivellr

either sexes of th
n

. € hydrophilids
The IX Gevgm I

versely divided giving rise to a single
is trans

. here 18

studied

d a pair of paraprocts in females,
and a

» eS

loceted anterior to the IX tergum,
roct 15
parap

1e in fema E— and extend withoyt fail Ventrally
of the

.. givided and each one copeg to lie opn
i S

les it 1

whi

cither side
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to tne base of the valvulae.

Urigin and evolution of paraprocts witn reference to Hyd
. o ———=2 8Yydrophiljqs
.__“'—-—-—____

Tne paraprocts lie on €ither side of tne anu
&,

Snodsrass (1935) generalises them as 5 pair of lobe ]
¥ S 01 the

XI tergum, and in 53t
X Zum, position ventrolaters] t
0 the anus i
Of lnsoct
Sets

Crempton (1925) has suggested that the bParaprocts grf
01 the

peetles may be a part of the IX tergum (Tanner 1927) T
. ven

af'ter an extensive study of the female genitalia, Tanner (1927)
’ 27

could not definitely establish the relationship or the par
a-

procts to thz I£ tergum. Tenner, however, SUSpects them to p
O be

g pert of the IX tergum.

In the present study variations in njntp segment of

hydrophilids show successive stages in the formation of the

paraprocts from the IX tergum. The paraproct hag come inte

existence as a result of the division of the IY tergum.

In Sternolophus rufipes (Pl. XV, Fig, 7) , narrow

desclerotized zone extends from the lateral marginsg of the 1x

rds the midule, where the desclerotizstign is

tergum towa
enting the anterior
thereby prev 15 end of IX tergun

incompletea

from separation. In Hydrous Senegaleneiy (FL. XV, Fig. 8) the

I% tergum is very much desclerotized, completely cutting ofr
shaped sclerite.

an anterior ribbon-
erior sclerit
wha ribeHGShaped ant 1te of the IX tergunm

: side of the 9th .
entrad on either si sternum as in EXQEQQ§

extends V

further extends VERLTeLy (Sternolophus pyp;, .
indicus. I° % tergs i
T to meet thé laTEral MArgins nf g anterjop

p1. xv, Fiz. 9)
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pert ol thHe 9t
Jth i
sternite forminz a perfect
et but i
undivid
gd

;»Jf,. ‘,'r_)- ':)C t'
Tﬂe femal h
238 K
=2 have Nell debeloped paraprocts LH
‘an 5
=

M lLS an . I = & il
¥ A nomOlO i ! T ‘
o I e 50hS tO tﬂ palap uCtS (0] nasLe
a 5] I
fema
les

th= pare 15 :
ponrott 1.8 comp ehely divided and @ach one lie
P n 188 on i
el ther

side of € 5
of the IX terzum (PL. XV, Figs. 10 and 12)
s O the

ventrzl surfac 3
e, the endS o1 eaCh paraprOCt c
oms close
o #nd . to
tner <nd enlarged into a broad triangular pl sech
ate as 1
H &8t
2RETHNo~

Lopt i '
lophus rullpes (P1. XV, Fig. 11) or elongated (Pl. X

. . . XV, Fi
ming a longitudinal I p— y Fig.13)

for
H. indicus.
The 9th sternum is undivided in males, I
. n females i
e

i Eher partially divided
irn most other hydrophilids to form the f
: e female

(Coelostoma s
tultum) or
completel
¥y

is 2
givized 2s
genitalia.

pytiscidae

ytiSCids belongs to the articul
ate

The aedeagus of d
le of Jeapnel

912).

4 .
and Paulian 1944 or adephagid
i

(type artte

e aedeagus €
~cies, almost always, is accom
panied

type
o b i There are a large number of
ations of th

f the aquatic
beetles
° A des_

its aedeagus.

udies the aedeagus is gen
Er-

It is apparent from the

quently they fail to give details of
0l the



Ciiin ozsel piece and the soft p

ecearls ol

m

v
—

-y studies on the male
nrvz revealed th: prasence of
svi1os:z functional significance

zssoci=tion with the gedeagus

copulation.

Tgole III
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certain dytiscids.

is perhaps not known

arts associagtegd with the

genitali - i
z alia of fresh Spacimen
= I 3

- 8edeagsl sacs (vi
vide
© P 4L to L48)

Their

clearly i i
Y 1lhaicstes thesd
g1 role 3
in

Inter-relstionshi

e : on p betwesn the

Eretes sticticus, Hydaticus 1£c§§§fgﬁzs Og
an

Cybister tripunctatus asiaticus

R
Lretes sticticus

Hydaticus luczo-
nicus

Uybister tripunc-

tatus asiaticus

No torsion

Basal piece redu-
flattened snter-

postefiorly

Lateral lobes con-
nected by @ large
dorsal s2ac€
,ateral lobes with
promlﬂent stout
spine- ike setae
on the outer su;_
face and not UAl-

form

vedian lobe J-
shaped

Median lobe with
acs

two free ®

Gonopol® gubLer=
put lies

minal :

near bhe distal

end -
end

’-—J'-—_'_-—

Torsion about 45°

Basal piece redu-
ced and rod-like,
flattened at both

ends

As in Dretes

Iateral lobes with
uyniform spine-like

setac

Medisn lobe J=
shaped and late-
rally compressed

3ac5 largely atta-
the median

lob€

Torsion 90°

Basal piec
e Ie -
ced and rod~li§2

Lateral lobes not

connected b
Y a
large dorsal sac

Lateral lob

e wi
long setae at %ﬁh
posterior end ©

Median lobe
Py — obz sabre-

Median lobe wi
Slngle sac oglgg -
Sorsal surface §h
s2¢ folded and hag
WO posterior args

~
bonopore 14
dor 1eS nig
iansilly between geg
obe and §tg Se )
ac
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Tnare ar t ia |
are tonree sacs in Lretes sticticuy
S T 8 and izdéticus

1 ezpricu Ta i %
5 (l ble ). lwo o these 83C3 gre s l
- - = mall and

8 OC‘-/-J - Z i d]al- l al (j
CQ

'_-\“hj]ﬁ "'h:a re ﬁ'n' -
Lo wlili = Shlal lng“ One (th.e dOI”SG_] Sa(:) jS aroc
Ze8r and ¢ =)
OnnVCtS

1 = my tr. E SSCS J}’] Elﬂetes alﬂie tr‘hee fra
= ers VS- ~ —_—

tne median looe while in i T y
¢ in Hydaticus they are 1
cbllUus arzely attach
hed

+ the medi le S aon]

o the median lobe. In Cybister tripunctatus asj £
1atlcus onl

the dorssl sac is present. g

It is apparent fron the above table that the azeg
e aedeagus

ol iretes and Hydaticus are more closely related t
0 each othe
y i

than to Cybister.

Torsion nas beeéen observed amonz C
z Coleopters ;
and in mo
sk

Adephage, and there may be 2 difference of 90° (Lindroth ang

palmen 1956). Torsion is observed in seven of the eleven
ecies of Dytiscidae studied here.

sp
1 ted that even i
Jeberdey (1928) no 1 the 'younges imagineg!

orus ferrugineus Steph. (Dytiscidee) the genitali

of Hydrop

asymmetrical and th
' ., were symnetrical and .
gEnltRiee the ductus ejaculs-

e ductus ejaculatorius winding whil
; S lle

Were

torius straight.

natus, Hyphydrus flsvicans and Hero

ovatus acumil -
) torsion of
iy the aedeagus. Though

Hyel
phydrus musicus xid
== . i bsent in B :
orsion 15 @b Ll aletes stietious the

arge extent t Y
it jnclined rightward. 1In g daticu
S
5 jnclined at 45° in the clockwi
se

to a 1
an lobe 18 sl

medi
he aedeagus *

zoniCus o

Llucgonicus
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wnen viewed fr i
om behiana. In Canthydrus 1
getavilis

dirsction

.‘Ju"CL:Ok_»xflilU’ 31 i i -~
- JL)L,:CJ_~..:-.), e bR il tu._; Sp. an\.j. C ‘{). I
S .Z lstel" t i i
e = 1pu1’lC
= atUb

rersisn i g0°.

Tanle IV @ i
5 gyfgrmaplog on the symmetry, to
,cfEO*tE ‘ oo ‘
i aedeagus of thé dytisiiﬁfng gesal
studied

Spa L eH 3
Sy -
JHEE Y forsion Reduced b
e o : asgl
Canthydrus - g
Rl L Asymm i =
Toetabilis striced 90° ibsent
FEg e n
éﬁEEQEEiiEE Lsymmetrical 90°
o Absent
Hydroyatus Symnetrical i
acuminatus MR Present
Hdyphydrus Symmetric
al Abs
z serl .
Flavicans & Absent
ggiznotus Spe Symmetrical $0°
Sl imn el . Present
EEEQEQXQ£E§ musicus Symmetrical Ab
Copzlats Symmetrical 50°
o _ Doubtful
Lretes sticticus Symmetflcal Lbsent o
— s8Rt
ilééﬁiﬁﬂé luczonicus Symmetrical 459
B Present
Cvybister tripunc- Symmetrical 90°
Tatus s Fresent
____,_,,#‘-;*—"————*~“‘“"”’
her absent or greatly reduced

piece is eit

A basal
is absent are Centhydrus laetabil
1lig,

e in which 1t
B pilus, Hyphydrus f i
lavicans, and

smong thos
o species of LgCCoP===—

botn th
{erophydrus pusicus. A simple sclerotized rod-like remen
\ . ant
45 observed jn Hydrovatus acuminatus and

of pasal plec

Guignotus °F*
jece is present in Rhan
tus flavo-

4 basal P

(wWood 192

cens Cre

griscels
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Muir 1912). i i
) A re-examination of Copelatus sp igh
S | - mlght reveal
ol reduced besal piece. My study on thi
1s insect

i i i
s based on a single specimen. The basal piec
€ among thes
e o = 3 ©
beetles belonging to Colymbetinae is akin to that of
_ _ at of Dytisci
. _ ' in
ijn that it is slightly widened at the posterior =
extremity
« In

i iS W.

W i i i }_l1 i i i A
ll I.e 1r IebeS SththUS and C!Olst;e[' triDLlI’lCtEI v "
us 1t 13

forked.

Gonopore:

The position of gonopore is not constant amo
mong the

s agnd can be of taxonomic value.

specle
Gyrinidae
The aedeagus of Dineutes belongs to the 'articulat
ate
type' - The lateral lobes conjointly articulate to the dorsal
sa
1 tip of the median lobe (vide p. 48)

surface of the proxima

Hydrophilidae

all the hydrophilids the aedeagus is symmetrical

In
The sedeagus is trilobate. Sharp end Muir (1912), Jeannel ang
paulian (194 ) and Lindroth and Palmen (1956) considered this
type of sedeagus as the Primitive°

ce among the hydrophilids, except in

The pasal pie
ond the anterior end of the medi
ian

Coelostomd stultum, 18 bey
1obe and compared to that other nydroghilids is lergs. In
: jece 1 )
Q,EQQEEQEE EEE;EEQ Lo basal P* 1s comparatively small ang
O the anterior portion of the median lobe ang .
lies pelow e

1ateral lobes-
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In Eretes, Hydaticus ang

Dytiscus marginaglis {Balfour.

Srowne 1932), the dorso-ventral bosition of the acces
sory
glands is due to torsion of the asdeagus. As g result or
o

the beetles havinz snort ejaculstory dyct have thes
iy

torsisn,

accessory glands twisted and in the process keep thenm on
e

aoove tne other,

Laccophilus, Guignotus and Cybister have long ejacy-

l=tory aucts and thick accessory glands, Among these beetles

the torsion of aedeasgus could only bring ; loop-like bend of

the ejaculatory duct and, further, no Change is noticed fropy

the laterel position of the accessory glands,

Latersl ejaculatory duct:

The occurrence of two completely Separated eiaculatory
ducts is reported by Bordas (1839) in certain longicorn
beetles. Later on similar reports are made by Sharp and Mujp
(1912), and Williams (1945). Sharp and Muir explain that such

~onture can be of secondary origin. Metcalfe (193p) based
a Lea

the developmental studies of insects describes the .
on 2
. . e
latory duct &S unpaired in origi
ato

snodgrass (1935) while describing the male organs of
sSno

general’ Contends that chOUgh the ejaclllator'y duct
. i n
insects 1

: in its embr i C s .
described as unpaired 1 YoHle origin, ftg
ys

is alwa ked, especiallv wi
frequently far ’ P Y when the acceSSOPy

. 18
anterior end

s+ 11
lands grise€ from 1t
g

51is ths tube a little below where the

[n Dytiscus merSife==

5 been considered to be the accessory

: ha
unites
ferens
vas de
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zland o =
¥ 3alfour-3 [
srowne (1932). In Cybist
y er tI‘iDUDC
tatus

gsizticus ; 3idhu 9/
Lol ol th
| (T Ogb) labels &t part of ¢t
gel‘lltal duCt. “ | |
the

I believe i
in
1 the term, lateral ejaculst
atory duct
’

e e(I I, }O d ] - 2 l (@] ) i)
) ln'

the secreti
ions of the
accessory gl
glands

(b) it is | 1 2 1.5
| K V eferenti ]'OJ.I‘]
gt Ghe i =
anterior end of th ejacula tor d th
| ¥ quct and e
accesso rlands arise from the anteri f
ry | 10r end o
=] the

wranches of the duct (Snodgrass 1935)

However, histological studies of this 1
ateral ej
Jacu-

y duct of Eretes sticticus and Dineutes
unidentat
us

lator

revealed that the epithelial cells are equall
y gla ndular\

as

the accessory clends. Hence, this is act
Ctually th
&

forked P
helial cells of th

1 ejaculatory ducts are
absent
among the

epit e type observed in a
accessory
glands,

The later‘a

s which have moT
jor end of the ejacul

atory duc

to The

e a
S

hydrophilid
ng from the anter

story ducts 8T
tus (Gyrinidae)
o In thes
e two

ariSi
shor
t among dytiscids ang
very

ong 1in pineuteés unidenta
gland opens at the ‘
anterior end of

s each accessory
lateral ©

1
familie
the correspondiné joeulatory duct.
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[1
O

=Ctodermal and vesoders

== Tsl orizin:

L2 m“‘:SOCI*:r'InQi Ol"i"‘in s ovarj =
(=] va 1eis and Lne
e teSteS i
SI’IG
td

(4]

~Crogerial origin ar the vazinag and the ejaculsat
story g
1 universally agresd vpon. However, there is consig o
deragb
iiri'ersnct in insects as to the Origin of the remainine -
Ci wa:z Internal rzproductive orzans (Metczlre — S Parts

e o 3 g . ; _
wseneriscn's clagssiiication of the accessory glang
ds,

viz. that oné pair ol glands is mesoderma] origin (the
v

mesadenia) and the other of ectodermal orjeq
£1n (the ectagems
adenig)
)
is cenerally accepted,

In spite oif some differing opinions of some auth
Ors

(vide p. 14), the Escherich's classification or accessory

zlands is still followed, very much with regarq g, Coleopter
= a

(Demandt 191%, Imms 1963, Khurana 196)),

Apparently accessory glands in the dytiscids _—

Dineutes unidentatus are ectadenia. In the hydrophiligs there

are two pairs of glands - the 0Paque, and the transparent

i are ectadenia whj
glands. The opaque glands 1le the transparent

glands are mesadenia.

The following table shows the ectodermal gng the

- r [
dermal nature of the vaTOWS AT oL the male internal
meso

the pre 3
quehive system, based O presence or absence of
repro )
gntatives 4 B ot 5 g
. smong the three repres of the familjeg,
intima =
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Lctodermal and mesodermal nzture of thz male

Tanle V ;
reproductive organs of Eretes, Dineutes and
dydropnilus
Eretes Pineutes dydrophilus
accessory zland Bctadenia Ectadenia One pair ectadenia
and thes other pair
mesadenia

y=s deferens Mesodermal  Mesodermsl Mesodermal except
= . the seminal
vesicle. Seminal
vesicle ectodermal

S i e

3z1four-srowne (1932) described the two accessory

in the males of Dytiscus narginalis as vesculasr semi-

glands
exsmined the microtomy sections of this

nales. Sidhu (1961)
land 17 Ccybister and found no spermstozoa. Spermstozoa are
glah e
sbsent in the access
ory glands do not serve the function

ory glands of Eretes sticticus

opoviously

nd in fact these access
a i
ol seminal yvesicles.

d (1900) observed TwWo types of testes in Coleopters.
Bordas
¢ estis is found in Dywiscidee, Gyrinidse while
type ©
Tubuler WP h many follicles) is found in

ex testis (wit

the compl
Hydrophilidae'
‘ costis in - dytiscids is confluent with the
The i Dytiscinae the two are widely separated
epididymis whil - vas deferens. Thus there is
by an uncoiled Pér:izn . the male reproductive organs within
. qerable Vi
consl ny Dytiscidae'
the fa _ies of Hydrous the foliicular testis
In both the Sp:d gimiler structure has been observeg
qulbary prui® She

is
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by #Zscherich in Hydrophilus piceu U
eus. : L
b us Unlike in Hydrous the

£ L 5 - 4+~ o . o
folliculzr testis in Sternolophus is Chrysanthymum f1 ,
ower

shaped (P1l. VIII, Fig. 12).

The mesadenia in Hydrous senegalensis sre brenched
ed and

such & condition is observed by Escherich in Hydrophil
: us

piceus. In Hydrous indicus and Sternolophus rufipes they
are

unbranched.

Zxcept for the above there is no significant differen
ce
in the general structure of the male reproductive system

compared to Hydrophilus piceus.

TNTERNAL FZMALZ~-REPRODUCTIVE ORGANS

Qverioles:
Observations regarding the number of ovarioles in

nthydrus laetabilis agree closely with that of Noterus

Canthy
crassicornis ub1l. reported by Stein (1847).

1n Laccophilinas, the number of overioles ranges

petween 18 and 21 per ovary and perheps the first report frop
Laccophilinae-
n Hydroporinae 18 ovarioles are observed in each

o 1 i ;
stein (1847) observed 1h-16 overioles in Hydroporus

ovary.
nd Hyphydrus ovatus (Hyphydrini)

ini) a
b g Towss (Hydroporl
palustiz=

; the Dytiscina® gidLen, Uere, e nusber of

Amon .
om 25 O 30. Stein (18L7) and Henneguy

ovario
rted 30 to ¥

(190k) TEPO

o ovarioles in Acilius sulcatus [,
— * 9
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and 30 ovarioles in Dytiscus marginalis respectively

Ultimately the number of ovarioles in an OVary‘of th
e

femily Dytiscidae falls within the range given by Robertson

(1961) and the ranze given by Robertson is 6-40 (Noteridae

Jytiscidee). Sut, the aversge number of ovarioles came down

to z1 as against the 25 given by Robertson.

In Hydrophilidae the maximum number of ovarioles

corded by Hobertson (1961) is twenty in g drophil g
recp ¥ —YCrophilus obtusatys

Say. Detta Gupta and Kumar (1963) observed fifty-four
ovarioles in Hydrophilus olivaceus Fabr,

the maximum number of ovarioles has reached to sixty per ovary

In the present study

in Hydrous senegalensis.

Hydrous indicus
—--._—__‘—h...

The arrangement of the ovarioles in
In

and H. senegalensis strikingly differs from each other,

Hydrous indicus the receptacle (calyx) is 5 hollow coniform

d stout structure around which the ovarioles open. 1In
an
enegalensis the ovarioles Open serially on either side ofp
with the result the calyX is grestly elongateq.

the calyx
. dentally the ovary reminds us the condit:gn in grass-
1 it

I
odgrass 1935) to somé extent,

hoppers (S0
snodgrass (1935) points out that the number of sperm

s is generally less than the Number of egg-

tubes in @ testi L
he overy. In all the hydrophilids studied here

; the .

tubes 171

utnumber the ovarioles.
y O

the

Spermatheca: i
pE he spermatheca may be absang op present,

In Dytiscidae t

K
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A ’funnelashaped medien organ!'

is describeq oy Feng

(1936)

from tne female geni tald iy

om L italia o Bldesbus 11cent1 and -1 trasserti
.—_—__h—-'_ﬁ_h

Fen-., In a2 Closely relsted

genus i,e, SLvsnotus the sper-
m2thecal czpsule attached anteriorly to the dorsal Surface
of tnz vagina is Somewhat similar to the ’funnel—shaped Organr,
It is lixkely that this is the Spermatheca] Capsule. Ty
distinct varieties or spermathecs are Observeq,

(8) Highly chitinized and not covereg by distinct
muscular layer (ex. Subfamily HYdPOporinae)_
(b) Chitinized and covered by distinct muscul gy

leyer (ex. Uytiscinae).

while the spermatheca and the SPermathecal glang is

distinct in Dytiscinae, they are indistinct frop the burss
is 4

pulatrix in Dineutes unidentatus (Gyrinidae),
co

Bursa Copulatrix:

Tn the Dytisci-di-orificia, the burss Copulatrix opens

. by bursal Oostium, while in monp-
) v to the exterior
directly

the bursa is not distinct from vaging, The burss
grifieis

icus differs from the r »
: drus musicus € rest of the
ix in Herophydrus
copulatri

. s _orificia by itS entirely sclerotigzegd hemisphericSl
tDytisci-di~

nature.

ive organs of Dineyte i
The female reproductiVv g el e EE&QEEEEEE§

hat of Dytiscina® In That the bursy j5 4 g5,
& > f}_"om t a
differ

. former.
ticulum,



nccesgory Glands:

Long branched tubular structures, which srs= probably

accessory glands are seen attached to the anterior end of

the
=2
11-12).
A

the calyx (Pl. XI, Figs.

e

ealyx. However, in

As far as I am awere this is

onlv ca2se ol such glands joining the anterior end of the

scridids tne anterior end of the calyx is

drewn into a single tubular gland (Snodgrass 1935),

In Hydrous indicus similarly branched but snort tubular

abpuctures are present but their true nature is not known.

Varistions in the female reproductive orgsns of Hydrous

snd_Tydropnills:

The femals reproductl ve Organs of Hydrophilus olivaceus

oite de
(1964 ) .

genera ths
differen

- how muCh

beetlas S

Variations

Teole VI organs of Hydr

e

g us olivaceus
- -

Hydrophil

- o -
—_—
—_——

ith five
yiduct with Jupta

Lateralr; -1ands (Datta %;gb)

aCCeSSOBT ?963, Khurana

and Kum ith

associated Gupta

d -
one glagviduct (Datta

ana
. absent (KBY

scribed by vatta Gupta and Kumar (7963) and Khurana

Though Hydrous and EXQEQEEilﬁé arz closely related

female internal reproductive organs of these two

ce in the structure,

in the female internal reproductive
rgpﬁilﬂﬁ olivaceus and Hydrous indicus

T ———
Hydrous indicus

Long tubular branched stryec-
tures at the anterior end of
the calyx

Lateral oviduct with four
accessory glands

No such gland

A prominent burss copyl ;
a
present palatrix

Spermatheca and gpe
gland present Permathecal
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cracdgrass (1935) points o nat
ut that M"ghe ;
© oviducts are

11y simple tubes without gccCessory structy
res of an
Yy

LEhara
kinc, tnouzh in Acridid
s I0LZn 1N Acrididae tne anterior end of esch
) Prolon~ed
l'y—]t'» 5 tw-D 5 ]I. rr . e )
- uoular gland". However, the occurrence ot
aCtcessor
I

structures on tne laterasl oviducts, seem to be
’ 38 Zenera]l

reature in dyarophilidae All ti
= ne three speci
2 €cies of Hyd
IO
chilidee examined hsve revealea the existence of 1
Ong tubul
A ar

Similar

glanis at tns antzrior ena of the lateral oviduct
(1963)

structures have been reported by Datta Gupta and Kumg
ar

in Hydrophilus olivaceus.

In dydrophilus olivaceus the number of
s accessory gl
ands
In

is give (Datta Gupta and Kumar 1963, Kaurana 194, )

Sternolophus rufipes, Khurana (1964) observed five acces
’ Sory

o i v pservations on Sternolophu i :

glands. 'y 003 rons P1us rulipes, Hydrous

indicus and H. senegalensis have revealed only four access
== ory

glands.
distologicael studies disclosed that they produce merg

secretions (Pl. XII, Fig. 3). The secretion of these

crine
viscous sticky, and very likely used by the

gl
peetle in SP
pin some sort of cocoon by the silk secreted frop

1 1912, Imms 1963, Miller 1963).

ands is white,
o : coon i : "y
inning the silky €Oce0 during OVliposition. Most

species S
ilk glands (Mial

the s
T (1963) observed g gland a880Ciateq

Datt’a Gupta aﬂd
oviduct in Hydrophilus olivaceus but mage no

n the common
In the same beet
L Khuransg (?964)

d a spermathec
served DY Datta Gupte and Kumar,

.

observe

gland that wWas ob
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&l n

4wnilz petis
JLrigd , LAkran 11 i
; LfllI™d 138 olnkb G be ]
B s it to beg aosent.
Tn 3ternolophus rufi
ophus rufipes accordin: to Kaur (
i 2 ana (19
(g, 'tne five o . ; e
. jve acces-ory glands ol either sid
e open i
- | k nto
co.n.on saort t ¥ » i pef ’
i saort tubuler gland pefore joining the 1
| g the lateral :
(o) ©i2 coly i ; oviduct:
) T comuon oviduct is Very snort: (c) sperma ti ,
atheca 1is
nar. oW & 1 a3 . 5 lone
1 ow ana apo-Ohlmately ol uniform diamster th -
< roughout i
— 5 % N LLE ltS
lenzth; (d) the spermathecal gland and the bursal
'sal sgc
| are
ansent'.
A re-examinati i i
tion of this beetle revesled important

eproductive ore o
ans h
= . .]. e

dirtsrences in

glan

sccessory ds of the oviduct open indivi
idually int
0 the
~ol oviducts; commo N oviduct as long as the lat i
= era 3
OV_duCt;

bular; Spermathecal glands and
bursal sac
S very

lanel

spermatneca glo

d-— S = flc :

£ollowins tabl

The
ts of the internsl reproductiv
e

nsture of tné various par
n the resence or absence T
’ g of intima among the
he families.

tatives of ©

. fctodermal and mesodermal nsture of ti
organs of Eretes, DiHEUEEE gigale

. T 2
ple V1 reproductive

Ta
Hydrophili®
,_,,#f~””’””"";ggges Jineutes
e Bl e e s IiIdl"OphiluS
o —_— Mesoder
e . iduct o dermal  Mesodermal  petodermal |
Lateral Gupt betta
1963)
_1 Yiesode
jedian © jduct mctoder™e fesodermal  hetodermal
wedia ) 1 Ectodermal B
v b TR a Ectod
; ,1 gland =€ Srual
5permathec
nds San i
ssoly glal g wF o )
chfzte ovi- SRR
of 1 i
ducts e T B
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FEMALR GENITALTA

+ -z

Qeourrene -
1¢e ol two external genital opanj
=AlLNgs g .

a vary

J

SOZHOEENON ausn~ T
auontst Coleopters, Joubl = Senital
= g2 al openins
d -’]JS
=

goss desoriged MR
crioed only in Hydroporus ferrusineys 3
T == =US Otepn.

(icozrdey 1931) and in Lzabu 5i
~g80uUs ang iilﬁiEﬁ (Jackson 1960) of

tiscidae amon: coleopterans,

% 4
-

1y observations for the first £1 :
- 1lmz Nnave r>

"’Vealed ttr

'.A-O

z3nital openings in the subfamilies Noteringe and |
- aCcophilin

ae:

b]

ani for the szcond time in Hydroporinase
~ report

bein:: that of Heverdey (1931) in Hydroporinage

Tzrminology of certsin female structures:

rass (1935) labslled the externs] oPeéning o1 b
I g U ga

Shod~

i.e. the copulatory opening) &s vulva., Tha te,
( it vulve, here,

. 3 i s been used in j

s not an apt term as iv has D€ in insec -

i A ts haVlng 3
Hence, 1 followed the terpy;

] )0 Tlte S -
) ame 1 et“

nology used DY Bidmann (1929-
Wigelesworth (1965), Jackson

however used by Klots (1956),
these workers correctly caljeq

(1960) and Devey (1965). All
the copulatory opening as tne bursal ostium and the vagin,,
oning through which the eggs are laid as the oVipore.

op
As a result of the discovery ol double genitagl Openingsg

g in certain dytiscids ¢
snd the ghsence of vulv he olq —_— -
sclerite’ (Bovins 1913) or 'vulval sclepsper

fvulvar

the
1950, Jacl
3, BalfOUF”Browne 75 ackson 1960) need to be

o d 193
(Guignot i \
4. Soving (1913) and Jockeon (1960) studieq gh
changet-. e
us in which it is now (Jackson 1960) foun
_ R Q

sclerite in I1ybi



w 148 >

e ‘.'-n,— Ml e .D (@] ]] &) n S [ i t! = | a['
C - M l:)fl ne a 1=
VU 4

;v vulval sclerite hss n i
il z 0 meaning ang i
S 1ts retents
ion

b
ut
L0

L };.i lead tn. nOF'Jllgloglsb‘ b t:a Iii 3
= E O tllﬂk_ 13 I e (=]

he species ol Laccopnilus I have ocoserved sClerig

Tr
B

B

Ssue loSous To tns vulvel & i g

{ Jackson 175: and 1960). Due to the ressons mentiored ab
lon ove

=i'sprr>d to coll these sclerites as vaginal sclerites si
since

o

I 7

3

either side of the ovipore (vaginsl orifice)

taey arz 0

Feng (1936) ascribed dorsal position to the Saw-like
vszinal sclerites ('dorsal chitinous piece') and ventral

22
he vulvulae ('ventral chitinous pisce'). TIn his

pO‘D ; tvj.OII tc
j'e_ma e o8 1 talla O.L‘ IJF‘]CCOEI 1 i IIIS t .l f()l“m] o
& —_—— e —— —— T

description ol the
itT i er i ‘
omitted the 8th sternite Whereas in some other genera

rens
1 ke 1 3 2
the same has heen described as ventral chitinous piece’,
Thus keng's description is inconsistent and incomplete.
» g =

by my observations and by tnose of Tanner (1927)
b

Judgzing
at Feng describes as the dorssl chitinized piecsa

1L

T find that wh
r gccophilus is actually the vaginal sclerite belonging to
and 1is ventral. Further, the so-called

the 8th segment,
o . v is homologous to the valvul
. tinized piece vula and
'ventl”al chi
is dorsal-
¢ in LaccoghilEE 222£92@1§ and szroggEES
Excep EL28S o =
} position ascribed OY Feng (1936) to the female
: the
e 1S .
2queits; tes is consistent with my observations, Further
b ]

female genitalia belonging to Laccophiling
e

ctlllne of the 5
y agress with those studieg by me

the stry -
d Hydroporinae basica
an



cnitinized pizce' - Feng) and the valvifer

elonzate

L 14% »

In Hydroporinas the broad 8th sternite ('ventral

va

i

) are generally setose on tnw

lvifer is thin as compared to the &th sternite,

posterior margin seteferous.

. p > ) O - &
relstionship betwezsn the female genitalie of Azabus,

'dorasl Chitinized

posterior margin,

and

, 1ts anterior end narrow and posterior end wide,

It woulu bDe of taxonomic interest to study the inter- -

Tlybius

(Colysbetinse) and Laccophilus (Laccophilinae).

Taple VIII = Tnter-relationship of the female genitalis
Tao

of Agsbus, Ilybius and Laccophilus

Agabus

A )
Jackson {1956-160)

Ilybius )
Jackson (1960)

Feng (1936-'37)

e

Laccophilus

————

—— ———
e — —

3

Valvulae are not
tne functional- ]

awl-
d without

eeth

Valvulae
shapea a1
cutting t

a2l sclerites

ac‘in _
v © a5 much deve
no in _]-;‘_QCCO"'

lOPfgsasbut slight-
EﬂLL~—“£er developed

LiF e Tlybius.

n T
ghan 18 S oyerite
Vagl “~ rinctional

=

ggfpositof blade.

—

Valvulae are the
functional ovi-
positor blades

Valvulae awl-
shaped and with
cutting teeth along
the dorsal margin

rinal sclerites
Zi% well develo-
ped. Vaginal scle-
rite not the func-
tional ovipositor

blade

valvulae bear
sensory hairs

Valvulae notv ans.
logous to those of
Ilybius

Valvulae sword-
shaped slightly
arcuate and with-
out cutting testh

Vaginal sclerites
well developed
fused along their
dorsal margin on
the posterior half
and modified to
form ovipositer
with cutting teeth
on the posterior
half.of the ventra)
margin,

Valvulase withouyt
Sensory hairs
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=
P
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inclusion of
Colymb tineels

(the Laccophil
iffer from Laccoph

tinae) d
a table.

and

Zim h
] HYPhydfini, and Hero
in

i n 193
Guignotus is raised 101
_Eﬂb.‘,‘,

—

mef‘mann (1

nZabus
Jockson (1958-160)

Ilybius
Jackson (19560)

Feng (1936-'37)

Hedian selerptic
atrip indistines

Lnhus supported oy
sclerotized area
o' valvifer
(valvifer+para-

proct)

Spermathaeca present

Valvulae (oviposi-
tor blades) bear
the bursal ostium,
wnile the ovipore
is supported by
rinal sclerites

vag !
(vulval sclerites)

The above observ

Bl pmales fuaiecd

inae)a

7 of the abov

fedian sclerotic
sStrip present

Anus supported by
sclerotized ares
of valvifer
(valvifer + para-

proct)

Spermathecs present

As in Agabus

Laccophilus

Iptermediate Scle-
rite homologous to
the median sclero-
tic strip pPresent

Anus supported by
paraprocts

Spermatheca absent

As in Aga bus

—————

jlinse in the points 2, 3, L, 6

ations on female genitalis support the

Aecabus and Ilybius under one subfemily (the

and the Laccophilus in a separate subfamily
because the Agabus and Ilybius (Colymbe-

-

IONSHlEdOF THE SPECIES OF HYDROPORTNAR

INTER-RELATION=S

Foul SpeCie
920)

asaees] Tl

s of Hydrop©
included ﬂxgﬁgvatus in Hydrovatini EIEQX§£2§

rinae have been studied,

gdrus in Hydroporini. The genus

L by Houlbert and is grouped in
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I e }
In the present study the presence or four sezmented
. = Te

pro- znd meso-tarsus, ana a sh
5 ort duct connectj
cting the b
e burss

witn to: vesins in Hyphydrus snc Herophydrus musicys
Sug-est

close relationship with each other.

tneir

3oth these bestles differ from Gui-notus (3idessi ]
o ni in

L

latter hss 5-segmented pro- and meso-tarsus and
a

thi=t Ba=
lon~ coiled duct cornecting oburse with vagins

Tne Hyphydrus flavicans and the Herophydrus musicus

differ Iiro. Hydrovatus gcuminatus, in that the later hss five
segmented pro- and meso-tarsus; elongate VIII tergites which

gradually taper distad; spermatheca structurally quite different.
creatly modified female genital sclerites (viae p. 62-63), long |

accessory glands with more convolutions; apodeme on the 9th
p1. II, Fig. 13); reduced rod-like basal

sternum ot male (
with pointed posterior tip.

piece; elytra
gut Hydrovatus resembles Guignotus in that, pro- sand
meso- tarsus 5-segmented; 9th sternum with an anterior process
and the presence of basal piece,

(spodeme) ;

similarities bring the Hydrovatus and Guignotys

The 3bove
However,_Hyd#ovatus has the following

. -+ differs from th
by which 10 e rest of the
unique ¢
ied here.

ydroporina® ST

J7I1 tergites elongate end attenuate posteriorly; geh
with each other and attenuate

ot 1t seems to be an ovipositor Elage

forming wh
. upported by chitinsj ;
. vagina s pp ¥ chitinized scleriteg
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dowzver
ever, all ths 1 ‘
N z Iour beetlss have im
zrzcters (Table 41T | L

R | common

, Mos. 3, 5, &, 8, 11, 15
5 ana 17) 5
Juski-

i t.ﬂ.ulf‘ l 1 = (ol = =
a\.« .

R

seguznce i1 the se

ek s e e e — b vC rl

1 Sutli“ ondary sppearance oi ti 35rd an n
Jre among uUytiscidae Ltz 51;‘§—d L

sperngl

e tu

Jordan (1945) wri
) writes that, 'the number of
1 i Conilate s
terrns

(‘ i 'T' y bO—} d
T = ed. Pl i =
Lella V lSt nt 1 m
r 2

0k i i 1
ichson (1848) and other after him d
made use of

' ami i2S,
Stinctio i ir B =
n in their Cl&SSlflcatiOH of th C
2 OlEOpte
ra'.

this di

In adephaga connation has be n observed (
vide ehs
nzpter 1)

yeen the «<nd and Ltn sterna (Jordan 1943). 1
! . There is

pet:
Jifference in the extent of connation betw
o 7 {‘ r L) ,- een )rd and A-th
sterna Ol oytiscidae. In Hydroporinae and Not
erinae th
| e
syture petween 3rd and 4th sterna is totally ind
indis®l net
In Laccophilins i
e this sut
ure has

Figs. h and 2).

(Plo l’
secondarily appeared and is partly visible (P1l. I
s Iy, Fig. 3)
and Sanderson 1956) and Dytiscina
e the

In Colymb2tinac (Leech
Bl. g
( I, Figs. 5 ana 7) but the

pletely visible

ure is com
xhibit connation

sut
involved still €

two sterna
ed that the suture |
€ has secondarily

Thus 1t can be notic
~negred 1D gradual sequenc® in Laccophilina
it e, Colymbetinae

and pytiscinds:

¥ CopuLATORY STRUCTURES

t the tenent hairs are the modi
ified

n held tha
It peCcurs to me that i
the microcupules

FigSe 14, 15 and 16) from thes t
2 Tenent
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azirs by ths development of t
mnen & membranous cup-1i
-like struct
ure
wnicn 1s supportea by radistine rib 4 T
) g S and Ifolds at theij
e tip.
rurtner variztion in the size of this Ccup-like struct i
ure hgs

resulted 1 the macrocupules. Thus the macrocupules se
: €m to

oz mere eflicient adhesive structure than the ]
= €8s speciali
aed

tenent hairs and mierocupules.

torz

Sequence in the occurrence of the accessory copuls
Structures on _the tersi of the dytiscids:

Adhesive setae or tenent hairs are present in many of

the males ol th: families (Cerabidae, Cicindelidae) or

sdephage (Miall 1912). Probably, owing to the increased
efficiency 1in the adhesive capacity of the adhesive struc-

they are graduaslly restricted to the protarsi only,

tures,
1 5 orodusl sequence can be demonstrated among the dytiscids

Sue

a5 follows.
The Hydroporinae navse tenent hairs and microcupules in

ut they are restricted to the basal three

botn the SeXES b

f the pro- and meso-tarsus.

segments ©
;i 1968), Laccophilinae, Colymbe-

oterinae (Vaziran

In N
¢ cupules are restricted to the males

tinae and DytiSCinae th
Noterinae, Laccophilinae, and Colymbetinae have .
o)

< while the Dytl
oth the types.

only. . .
scinae have either micro- or macro

minOCUpule

in some cases D
e have small circular or ovel suckers

According to Vazirani

pules or

ide of the basal segments or the
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In i,r.e.l_e w % .
tes sticticus, Vazirani (1968) observed
ed a2 total

of only ¢ -
y z¢ cupules on the protarsel pad. 3dut, in th
° ’ n t e S = .
collected . ’ pecimens
lzcted from Pilani, there are about 240 cupul
es. Such
a

_‘r‘edt, Uer.ﬂ j T j i) t}ag n-”mb:],, =l
ol i =t = ol CUpUl@S .[}’] the
‘ Same Sp‘ac'
< leS

is indeed notseworthy.

The number of :

2 of protarsal cupules in Hydaticus 1
uczonicuy

S

(pl, X1V, rigs. 9 and 10) is 22, while that of mesot
arsal

cupules 1S 15.

f the protarsal pad of Cybister are arrenged
ge
[

The cupules o
first two on fti
he basal tar
somere,

in four distinct rowse. The
the remsining two rows, one on each of the 2
Znd and 3rd t
arso-

The total number of cupules is about 72. 1T
al

meress.
d oi beister is distinct from the r
he following respects:

Dytiscinae examined in t

) macrocupules absent,

(a
arranged in distinct transverse rows
b

(b) micro-cupules
5 trisngular patch of setae

FE) pasal segment has

Gyrinidae

- Gyrinidae (Miall 1912, Bachmann 1959-166) the pro-

;5 widened and the cupules are borne on all the tarso
;pvariably the microcupules. The m

* €30~

tarsus
The cupules are

not bear the pccessory copulatory structures

meres-

tarsus does

Hydrophilidae
with regards to the gocesaory copulatory structures of
Jm 1B appafen that cupules are not present in
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l. owever 1 y 11 t =~

% Cclews a2monz s few hs >nili
ks  hydrophilids (ex. j
- Eyarous, Feracymus
- It is likely that these

[$4]

ct

Svshgscens egna P. tarsalis miller)

(1

S EE Bl en COT"‘V bh.“r‘ T.Nj. GlLl tll - une 1B =
- = I’lgh =) ir"Ol.A.L ] ](_-; @) ? r:;l
- ¥ } h L
}1"3 no t-a l mea C'il 8 0L t,- 1 - 2
= e females d i
uring copuy
: )

Pirmly holdin: t
lstizsn., Hdowsaver, this arsument n i i
¢ 3 z €eas to be sup~li
DPilimenteqd b
- ¥
Xemination on the use of the
! 1€se structure i
$ during th
e

o

smone hydrophilids examined I cams :
< © aCfross microcy
: pules

only in the genus 3erosus.

Common characters in the three femilies studiedq:

1. ~ total of nine andominal segments present,
There are eight non-retractable terga,

e
3. The sternun-1 is absent.
L., In females the 9th sternum is either Partially or

fully divided forming valvifers.
In males the 9th sternum 1s undivided.
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Hydrophilidae
—_—

% 158 B
38 3 = -
I_mr.yf«)\ o & s ’UU‘WNJ.IWJU.qwﬂJAOiJ) o i .
T EPHSAID ol th famid "
- Tilew - YYtiscidae, Syrinidse and Hydrophilidae
vy iscidae T T B
lrla:i:i:-Inlfnalrl#nilnalanlullilnllflflli Gyrinidse
ST e ———
1 F111 T i HOJ%&U : T - T e,
= M B iR =21 CQHS%H%.« Q.H<.HQ®O i )
sxcept in mmzdawmem lastabilis 111 tergum unaivideq,
(Cantnydrinzz], ==
<« Jh=n present the IX tersum in mals -
F " 5 7 = il = LT 2 a.l3s T (7 o ; N
15 8llner lenitudinally divided pr Sreum membranous,
undividsd. In Canthydrinae)
(Centnydrus laetspilis) and Lacco-
pauilince it encircles the aedeag-us.
5. Iu femsles, &h3 parsprocts are Ir female
= ~t 3 o = =l es .ﬁ._\H ATrs -~
pr.sent 1ua Gantnydringe AMWmmmwmmmm ol o Procts absent.
laetabilis) ani Lzccophilinas,
sgswat 1o Hyrdrduordisae,
e ~th sternur ﬂdemnan into the . €th sternunm not retr-
abdomen and divided to form a pair aodomen and net QH<HM0ﬁmQ into the
i sternitss. sternices. €d to form
& In males: 9th sternum either plete- To @alaas 4 :
oo ; i =R .ﬁbm ..W.D. .mw.ﬂ_ .
like as in QmBﬁU%Qﬁpbmm.ﬁﬂmzdSMQWCm brosd plate SHMﬁ Wmhwwbca is @
loetgbilis) and Laccophilinee; or MErgins covering the ..o lateral
rinz-like as pb.l%ﬂﬁ@@owwamm, Colym- of the acdeszus 9Sal half
petinae and Dytiscinae. T
- " i ivideqg =
6. In femsles: Yth sternum Qw<w %ﬁm In females:yth sternuy g ..
forming <mw<pmmﬂm. Velvulae o n wowawsm va Ly Par, Vel 1vided
present except in m%awObostmm.ﬁHs absent. elvulae
Ilybius and Agabus of oowwacmwwzmm
the ovipositor blade mbu\<mH<HWmW_
MmmUDOdM<mH%" Jackson 1960 and '58),
~espond to the valvulae of
GorTespo. Canthydrus laetabilis)
Canthydrinae (Canthydrus laetabilis
and Laccophilinae.
7. The znd, wﬂa.mwa to mwn: other. The erm <nd, 3rd and the ,gp sterna
i mmovably Jol e immovably joined ¢
immo ; the 2nd and 3rd sterns O each other,
ture between the the suture between the 3
SELLES s . 152 2nd and 3rd
is distinct. Srha 1s partly oPliter,yeq.
&. Aedeagus adephagid type. Aedeagus adephagid Yype,
) ular testis. Simple ty ti
9. 3simple tubulf bular testls,

VIIT tergum undivided,

ly

IX tergum in males, transverse
iving rise to

divided at anterior engd g
an undivided psraproct,

In females the paraprocts muﬂmmﬂ.ﬂ.

m_UQOEmU

§th sternum retracted into the
8.,

but not divided to form sternit

ingle plate

In males: 9th sternum is 5 g
eflexed

neither ring-like nor with r
lateral margins.

fully divideq
Sepsrate valvi-
Segmented,

Tn females: 9th sternum
(Coelostoma stultum) or
either fused or

rming
WMﬁm. The valvulae two

retractable sterns sre firmly

el h other,

All dsmmdma to eac

mﬁdwozp

hLedeagus byrrhoid type.

wowpwncwmw testis.
AOOSdQ.V

—_—
i

o

e



focommon epididymis Prssent and

~ Tglir of later-11v placed Bpadi-
Cymis presnt. I ygiscus placed medially above the |apepal
flar."inatis thzy come Cloce anag ejaculatory aucts

/4 to De connectea Dy a comron

me:brans (Korscnelt).

Vi Lzteral ejaculatory ducts abnor-
mally long.

Comron ejacul=torv duct either Conuon ejaculstory duct short,
lons or short.

Cnly one pair of ectadenien As in uUytiscidae.

accessory zlands.

Gvaricles polytrophic. Ovaricles polytrophic,
Lateral oviducts without Lateral oviducts without
accessory glands. accessory glands.
Reproductive organs either lTubular type.
szcculer or di-orificid

(p.769).
411 the five pro-tarsomeres of

senerally the basal thrse pro- . G
tars 4 males bear microcuptles,

tersomeres oi males bear cupules.
Th= tarsomeres may bear either
macro- or microcupules, or both.

id-tarsus.
Several dytiscids hsve cupules No- cupules on mid ik

Hydrophilidae

Epididymis absent, instead a pair of
seminal vesicles present.

Lateral ejaculatory ducts absent,

Common ejaculatory duct long.

Soth the ectadenien and the mesadenien
glands present.

Ovarioles telotrophic,

Lateral oviducts with gtcessory

clands,
Tubular type.

Only in a few msle hydrophilids the
cupules are present. when present the
oasal three protarsomeres bear the

microcupules,

No cupules on the mid-tarsuys,

ot the mid-=tarsus slso.
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% i S 2 "”110 j. o
w ey -—Cludvd i ) i i

are clos i
closer to Laccophilinse than to

stnar sunfamilies (Vezirani 1968)

.ost autiaors seem Lo acrez to ti f
- = = ne suolamiji iz

m at o

Y s8t8%us pf

. _+a2rinp2, Lsccophilinse, Hydroporinas, Colymbztinae sng
= 2
_vtiscinas. Howzver, some dytiscids
i are sepsrated f
' rom these
scofamilizs ang were included under new i 11
subfamilies bs
0y Sharp
Jrues et al. (1954). Kuhnt (1911) divided the

(1BEZ] ;
Jvtiscidae into only five tribes and these tribes asre iat
er

Zimmerman (1920) to the subfamily level (vide Tabl
a e z‘i)

raised 0OY

[,ezch (1948) points out the lack of unznimity amone
=
higher categories in the Dytiscidae

Le authors as to ths

7
t differ=snt even to this date. Crowson

i el position is no
(1955) 18 of the view that if Colymbztinae, Uytiscinse and
Lgccophilinae are accepted 8s subfamilies, to be consistent
the Noteridae and the Hydroporidae should be accepted as

familics.
(1968) accepts 1in principle that a raise in

yazirani
rardHae should be followed by an increase in

No
porinae ©00: However, he preferred to wait

tus Of H ydl"O
the status of’ the existing subfamilie
= S "

rore making change in
oel

Thus the status o Noterifae and consequently thst sp

ained uncertain. Vazirani (1968) wri te

S

¢ has rem
- o e 3
ccophlllna is also a matter of contro

hat the status of L
tha ]
Ve )

the most

1ffel"l“f§ oplnions onh the classi Ficats
icns

generally followed classificatio
1 n at
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tne suof=mily lsvel is that of Zimmerman (1920). Further
& 3

well accepted phylogenetic ¢lagsiliecati b zmone

to Noteringe, Laccophilinae
?

{rnLorinae, Colymbztinae ere found to have two genital

fresh material of Hydrovstus acumi-

(hLs T nave 1o

GRGICED R L
antus, x dissect=d preserved specimens). In Hydroporus

A spoyuTineus 0t Hydroporinae (Hyberdey 1331) and in Agabus and
T Colymbetinae (Jackson 1960) also thare are two

DA

»anital openingS- in ad hoc examination oI wmore random
sies pelonging b
ence of 'di-orificid' type of

dentified 5P o Laccopailinse, Hydroporinae
1ed the gccurr

will

nas 2lso revea
femals reproductive or.ans

nes are common to subfamilies Hydroporinae,
<

enital opent

Laccophilinae a
penings is a significant chzracter

nd Colymbetinas. It ocgurs to me

e

Noterinaei

double genitel 0

nat the ) )
the series 1.5 Concerned,

ct

grouping of

gn [er 28 B
11 the pbeetles (including Dytiscus)

) e only @ single genital opening
— DytlSC¢
pelonglis . segment and thus they are quite
on W
) ¢ the subfamilies of Dytiscidae.

uble genital openings have 'di-

oductive organs while the series
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into two series viz. Dytisci-di-orificia and the Dytisci-

(Tzole XI). The

Teble XTI :

ries Uytisci-di-orificisa

Laccophilinae, Hyaroporinae and Colymbe-

series Dytisci-moho-orificia includes only

Contrastingz charzcters of thes two proposed
szries of Dytiscidae

Dytisci-di-orificia

uytisci—mono—orlilcla

— e ——

Singsle genital opening

Functional ovipositor pressnt

zcal gland

. .+:met spermath
distinc p matheca

;ttached to the sper

valvulae present put fused
dorsally

sedesgus with reduced opasal
piece
dzagus with distinct sacs

Ae
. segments of the

2 hre ' .
Sgsiirghs forming glther a
a;gculaf or oval dise

esent

1es gener‘ally pl"
in Cypister]
ds

cessory glan . ther
lie one on €1V .
axigl line o

present
sperim
=P . epididy

Testis
rated

Douole =enital openings

runctional ovipositor preszant
or absent

A distinct spermathecal glang
not found attsched to the
spermatheca

Valvulse frequently present,
absent in Hydroporinae

hedeagus with or without
reduced basal piece

Aedesgus without sacs

Besal three segmsnts of the
protarsus neither circular nor
oval, but have adhesive struc-
tures with the exception of
Canthydrinae in which sexual
dimorphism is absent in the
tarsi

Macrocupules absent. Uicro-
cupules present generally.

The mzle accessory glands
generally lie one above the
other (except in Cybister
tripunctatus asiaticus). In
Dytiscus marginalis too they
lie one above the other
(Belfour-Browne 1932),

Spermatheca present or absent

Testis and epididymis BEPg~
rate or confluent
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Oe;tl;s lay tl‘l i = i

SLENS. The we - . ..
gll sclarotized intermediate sclerit

ite, th
’ e

3 _:.F)O i i i = O - Il
i = ¢ —esal

tne th sterna come el i
9 ose as in Ilybius (vi ;
=) YiluUo ide ll’lfr‘e)
. The

osterior end of th y Joy i
E e two genital ducts viz burs
2 2 and vagci
gilnag

remain separate (Jackson 1960) T
; he valvifer
§ and the para-
“pProct is represented by

procts are fused and the area oi pear
-
LY. The valvulae

a small projection ot the valvifer (Fi
b.

are hot stout anda lack the serrate cutui
N tinz edge and th
e
Consequently’

tles are devoid of functional ovipositor
The

pes
they deposit their sggss generally on thz leaf surg
e ace,
yaginal sclerites are very much reduced, but i
> remain slight]
: -

larger than that of Ilybius. Thus Agabus (Agabini) re
4 pl"e_

sents a condition between LQEEQEEEEE§ (LaCCOphilinae) and
n

bius (Colymbstini).

Ilybius

In Ilybius (Colymbetinae), the two sterﬁg i.e. th
@ ° e
gth come very ¢lose due to the shortening of e
e

As a result, the two genital

intersegmental membrane.
y close and according to Jackson (1960) tn

openings COMe L
ventral wall of the bursas arie] nses
S

circular muscles around the
the vagina- However, they are separated by s partition. -
reprocts and the intervening

124

valvifer is £%
bsent. (The P
e B valvifer lying near anus’,

of Laccophilis hes revealed this sclerotizeq
ith valvif
fused Wi er). In Ilybius

paraproct
5) the &Y

sed witn the P?
araproct has been describeq by

suture 18
A compari.-

1-shaped valvulae, as in

(Fig-
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szeoment is closed and the opening at the end of the ninth
= = in

semrent serves botn for copulation and discharge of e
= 1 eggs.

dowever, in the mejority of Lepidoptera (Snodgrass

1935, Klots 1950) the primary anterior aperture is retained

st th- posterior end of the 8th sternum.

Homologous apertures are observed amonz some dytiscid
. -

3ut thz position of these apertures in dytiscids is slightly

4if.erent from ths t in Panorpoid Lepidoptera.
he two &th sternites in dytiscids are separated by an

il
ue to the shrinkage of this membrane

intervening membrane and d
at the anterior end of the ovipore, a change is brought in the
osition of the ovip

on Of the &th sternum.

ore which now comes to lie at

original p

the antero—mesal porti

de differences (Table XII) as well as

3ased on the wi
orphological features of the two groups of

many other @
the Coleoptera), I presume that the

idoptera and
orificia) and the lepidopterans having

on

insects (Lep

o common ancestor.

the double genital openings

p arose in a few of the spermato-

l chambe
Spermatophore production is reporteq
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-is\ -
12 some dytisgl
iscids (M¥ui
MLulr <
1912, Jackson 19540)
as well
as in

I¢ PR 3
norpoid Lepidop tally observe
pter 5Ve] '
a (Davey 1965). Incid
en
y X
ved

- .lr‘ﬂ - s = o
1. S! 171 tOUh [ I
D h e i Nz i
SSUI‘e i
BELS 18 ap i i

orl the and i3] iy a
e & omen o H
erc Y i T
r ph drus musicus A
® 2ased I
8] epar i
ation

"f\:h';‘ll ex .]. 1 p
; .
H O'Z.Oa i

(JH.J.FICID IlP’ "_"PH i ( m ‘r'—\ ~
( 7 OF _-!_l O ! 4 OR

P:CnA3Ll ORIZIN OF OI

Tt is very likel ¢
ikely that the diorificida ty
pe of repr
produc-

have origin
ginated from the saccular ty (
pe {(vide
pP.170)

tive orgalls

productive organs of the Cole er
S opt

a. Khurans

Ffenale TE

of
) has described the female reproducti
ive or
gens of seversl

(1904
Ldephagid coleopterans which are saccul
ar type
n
on the developmental studies of femal
- ale genit
al

Based
explains
D that the two genital openi
ings

Heberdey (1937)

(Hydroperinz€ 2
o ~g) arise as a secondary divisi
Sion of

duc G,
in Hydroporus

the lumell of

fhe
and ninth segmentse.

the already amalgamzted "Anlage" of
the eigh
ghth

e e‘re a .
I; = L

It is possib
1eid peetles, the genital
nents (Pl. )

g XV1, Fig. 7) is

n and ninth S€

(Fig. &
.th the - ‘
common oviduct. Thus th
e

a —
ga

Gt
mated eight
into two pouch
es and e
ach
pouch

secondarily divided
anteriorl

» ital chambel’ gives fis
the dorsal genitel duct i
1s

gen
Jenings. L2
he two openings are se
pParated by th
e

snd HledT ©
4 (Fize

v to join ¥
to double genital ducts (Fi
1g. 9)

10) and ©

the eighth
receiving and transportin
Z the

d ni
an ninth segments., The d
Orsal

elongate

deaamelgamation ©
s the function

duct serve
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o
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Lot ) Ay ;; i 93 : ' l \ -' = = = = 8
L Rl 01 tﬂ ; 1
ey 2 ~ 1 O flU.Ct L«lllaz e\-) .DO rece \V i1l e =
h i
d

iv~ copulatison »
P ion znd hence callsa thes bur
| = Sa copu tr
dett is gzllsd e ou o
2 ad tne bursal auct, thus reachin ’
1L achins th
= e

i Cznthyurinasg [
in Csnthyarinag anhd Leccophilinae

.sects (H g & i
(Hyphydrus flsvicsns) thz anc
< t2rior end
d

In some 1:
or utaz oursal dict 1g ern ~ex and
iz enlarzex and neavily scleroti
2 zed formi
1 Rer
11} -

&
= e

e a;armgunecel capsule (Fi

JROUPING TdT FoAALZ TNTRRNAL RAPR —
OF TES ORDIR SOLmopTERA ¢ ORGANS

Jj naro | ar d C-l!!-vn ( 1 € ) 1 i "-l- 1 si
Pa = 9 50 dls tinzul shed on 1
d 1.0 1 Y tWO

s of female reprodictiv

e organs in Coleovptera

1. The saccular type: without seperate dul
. e - oursa copul A .
o1 %
5 The tubul?r type: with separate bursa copulatrix
) )

peaally =@

mbined with the development of
an oviposit
or.
e orgal® of the subfamily Dytiscin
ae

i reproductiv
while those of Dineutes unidentat
atus

Th

= B first type,

nilidee come under the second type

fall Unde
) and Hydrop

( f‘_jr]_"j nidas
1956) seemingly di
( gly did not give due

and palmen

pindroth
gions of Heberdey (1931), and cont
ended

he obserV

ceptionally
sestion of a double i

genital op=nij

DERdine

Se

plul <

£ the vagina &
qeberde

o}
in Hydropores’
, from the burss copulatrix, and both
o distinct geni
tal i
openings,

nc

by oW
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My observations revezl that in all the spzcies havj
= av1ng

2]

~itel openiags, the veginha is completely separated
¥ ate

198

3]

o

dheli o

from tae bursa. Moreovar, the bursal ostium is located in

tils ninth sezment dorsal to the 9th sternum, and the ovi
ipore

meso-proximal end of the 8th sternum.

W

at th
Tn the light ol these observations (vide supra), it
?

oecomas necessary to rearrange the types of female reproduc
tive orgsns given by Lindroth and Palmen (1956) so as to
type of reproductive organs havinz double

ive piace 1O tine

ug

~=nital openings.

qence, I make the following modifications and

T Mono—orifiCiB?

external opening.

nx: £11 beetles excepting Dytisci-
diorificia

Reproductive organs without sepa-

i. SaCCUlBr type:
rate bursa copulatrix.

Ex: Dytiscinae

Tubular type: Reproductive organs with separate
pursa copulatrix usually combined
with the development of an ovipositor.

2 copulatrix not opening to the

ii.

Burs

. gyrinidae, Hydrophilidae

RepdeuCtive organs with double

cfielad i
ifi extefﬂal openings. Bursa opening

pi-or
the exterior by bursal ostium,

1T
to
o Dytisci-di-orificia.
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P?OBABLE EVOLUTIQN oF T 3URSA COPU-
Ly T-IX = oRDER COLZOPTESRA

ations revealling @ new kind of
the numoer of the major Lypes of
<9 kDE order Coleoptera as 5 whole is
culel’ and tubular types (Lindrotn
oo (vide supra) e 511 these three

atic beetles that 1 studied. 1t

. =¢inct evolutionary patn of these

. the simple type agf repro-
The é . in thet i1t has 1No separate

.ns 20 ... is simply 8B elongated
and spermathecal gland at
ge serves poth for
rging the fertilized egesS.

e mediv® e .
oursa copulatrix and vegina.

ctive organs arose 83 a
r type ° ;
e pursal diverticulum {a blind

. 5. 12 and 13).

ne yagind
1nepmduct'we organs are said to

i d £yP®
g L8 ac glar LYpe {p.1567 y as @ result of
genital chamber 19 the early

the &
Lypes the bursa opens directly
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Lytiscidae and

sdult surisacc

—
o
A0

ductive systel petwee
porins€ arz nNO longer

g8 Iyr in

fuse}

1t is

internal reproduct

pecaus®€ most aderha
ple and perhaps th

. rne 410

sim

contends trat Noteridae

razding, lsrva dotton feeding),

thz results o

o
Hyaroporinas.
the
n the &
present.

ids probabl

ive systel
gids 2lso n
2 primit

rificid TYP

ta: 'phylogeny ol spter ¥
phylogeny oL Coleopters', Crowson

RS S i
Voteridae (presently included under

jyrinidase have a common ancestor

(Herbivorous), JGyrinidaec

adgptive radiation of

female reproductive system is in

Tt is probable that
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SUMMARY

HATETRLANG GRUBISE of She dwlandn, Wi gpoimy system

of both the male and the female aquatic beetles, and the S tensan
¥

copulatory structures have been maae,

The total number of abdominal segments is found to De

nine in all the three families studied viz, Dytiscidae,
Gyrinidse and Hydrophilidae, The true ist sternum is invariably
The 2nd sternum is present in the Dytiscidae ang the

absent,
Gyrinidae, and it may be present or absent in the Hydrophilidae,

In Hydrophilidae, the paraprocts have originated

from the IX sbdominal tergum,

enty one species of beetles

The male genitalia of tw
Gyrinidae and Hydrophilidae are studjeq,

belonging to Dytiscidae,
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the male re 5
13 prepucial gland attached
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to the ejaculat
ory duct at the .
pOlnt Whelﬂe it
enters the

aedeagus.

The d - o
orso-ventral position of the male access
ory glands

in . . .
Dytiscinae is attributed to the torsion of th
€ aedeagus

The female internal reproductive system of dvt
. ytiscids
revealed many peculiarities, Mainly based on the f
' e female
internal reproductive system, the family Dytiscida
€ is
divided into two series viz Dytisci
., Dytisci-diorificia
and Dytiscj
1~

mono-orificia.

The division of the posterior part of the internsl
a I"epro_
ductive organs of the Diorificid beetles into
two genital
ducts

is probably the result of the division of the genital chapmb
amber

into two ducts viz., Bursal duct and the Vagina.

Though the females of rpytisci-diorificid’ beetles ha
ve

double genital openings as in panorpoid Lepidoptera, yet both

groups differ largely from each other,

these

e reproductive organs of Sternolophus

The internal femal

d important differences from the observations

rufipes reveale

made by Khurana (1964 )

n the variations in the position of the bursa ang

smple 100
e order Coleoptera were grouped

Based O
ernal genitalia (interna]

the spermathecds the f

reproductive organs) of th
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under two types ie, Saccular and Tubular types by Lindroth
0

and Palmen (1956), In the light of the present studies thj
is

grouping is revised and reset, Aas gz result, there are at

present three types of female internal genitalia vig 3
) . ° baCCb_lar’
lubular and Diorificid types.

There is a gradual change in the occurrence of the suture
between the true 2nd ana the 3rd sterna in Uytiscidae. In
Hydroporinae, it is indistinct and in Uytiscinae it ig disinet

with intermediate stages in the remaining subfamijlijes,

The inter-relationships of the subfamilies of Uytiscidae
have revealed the possible trend of evolution of the group-
Phylogeny of the group Dytiscidae is discussed, The subfamilijesg
of Dytiscidae are arranged in the phylogenic sequence je,

Hydroporinae —> Canthydrina€ —> Laccophilinae ~> Colymbetinge

—> Dytiscinae.
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Studies on the Morphologzy and
A?ago@y gf the reproductive organs
o) yoister tripunctatus asiati
Sharp ~atious
M.Sc. Thesis, Birla Collece A

to Rajasthan’Univ., Jaipu;.’ s

Morphological Studies on the Organs
of Oviposition and Copulation of

the Indian Beetle, Cybister tripun
tatus asiaticus Sﬁarp. (CoIeoptegaf-

Dytiscidae)
Entomologists' mon. Mag., xcvi :

153-156.

Morphological Studies on the Male
and Fegale Reproductive Organs of
the Indian Water Beetle, Cybister
tripunctatus asiaticus Sharp
(Coleoptera: Dytiscidae)

Ibhid, xcvi : 223-226.

Untersuchungen uber Haftapparate
an Tarsalgliedern von Insecten,
7. wiss. 4ool. x1 : 481-556
700l. Anz. vii ! 225-228,

principles of Insect Morphology
667 p. New York and London,
McGraw-Hill Book Company, Inc,

Die Weiblichen Geschlechtsorgane

der Kafer.
vergl. Anat. u. Phys. der Insecten,

Berlin, 139 pay Pl 9.

preliminary Study of the Genitalig

gf Female Coleoptera.
rrans. ent. Soc. Am., 53 : 5-50,

pls 21.

Contribution to the Study of Aquatic
peetles (Coleopter'a)ﬂ° On a Collec- |
tion of Dytiscidae from Western Ghats
with Description of Two New Species,
orient. Insects 1 : 99-112,
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1968 Contribution to the Study of
Aquatic Bestles (Coleoptera): o
S %ev}ew of the Subfamilies
oterinae, Laccophilinae, p tisci
and Hydroporinae (in L gy R
s part) from
Orient, Insects 2 3 221-341,

Vazirgni, T.G,

Verhoeff, K.W. 1893  Vergleichende Untersuchungen ubep
die Abdominal—segmente, und die
Copulationorgane der mannlichen
Coleoptera.
Dt. ent, Z., 113—170’ flgs 2’

pls b—a

Zur Kenntnis der Vergleichenden
Morphologie des Abdomens der
Weiblichen Coleopteren.

Dt. ent. &,, pp 177-188,

* Verhoeff, C. 1894

1902 2ur Vergleichende Morphologie der
Coxalorgane und Genitalanhange der

B Tracheaten
Zool. Anz., 25 : 60-77, figs 15,

1958 Torsion of the Male Genitalia of
Verma, K.K. Galerucella birmanica Jac. (Coleop-
tera, Phytophaga, Chrysomelidae),
ann., Mag. Nat. Hist., 1 : 793-79,;.

1957 structure of the Testes Follicle
Virkki, N. in Relation to Evolution in Scara-
pgeidae (Coleopt.)
Can. J. 4ool., 35 ! 265-277,

The Principles of Insects Physiology.
74,1 p. Sixth Edition, Revised, bng-
1ish Language Book Society and Methuen

wigglesworth, V.B. 1965

The Anatomy of the Internal Genitalja

1945 some Coleoptera.
wWwilliams, dJ- ggt. Soc. Wash., 47 ! 73-87,
observations on the Homologies of
1952 {je Copulatory Apparatus in Male
Wood, S.L. eoptera.
005 Gl nt. Soc. Am., k5 : 613-617,
3 i f Laccophilus fr
New Specles o 1ilus from
1963 ﬁhe Bahamas SColeoptera. Dytlscidae)
Am. Mus. Novit., 2152 : 1-5,

Young, F.N.
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7

Zimmermann, 4. 1920 Dytiscidae Hallplldae Hagrob
Amphizoidae Gyrinidae Rhysgdlédae
Pretothora01d Jacoosonlldael ae

Cupedidae ang Paussid
Coleoptm. Cat. 4 : 1-29;

LS R S S S Sy

* Originals not seen
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KEY TO THE ABBREVT
ATIONS OF
THE FIGURES

ACGL Accessory gland

AN Anus
APD Apodeme
APGL Appendicular gland
APP Area of paraproct
BC Bursa copulatrix
BD Bursal duct
BM Basement membrane
BO Bursal ostium or Bursal orifice
BP Basal piece
CLX Calyx
CM Circular muscle
CON Condyle
COoVD Common oviduct
DEJ Ejaculatory duct
DNT Denticle
DS Dorsal sac
DSC Dorsal sclerite
E Egg
EDP Endophallus
EP Epithelium
EppD ~ Epididymis
EPSH Epithelial sheath
FEP Follicular epithelium
G Genital chamber
GPR Gonoporé€
Germarium

GRM



HF
IFC
IM
IT

LEJ
LL
LM
LU

MAC

MF
MIC

MS
MT

NRCL
ODL
OPGL
ov
OVL
QVP
PCGL
PDCL
PFC
PP
PSPT

< 194 >

Hair fringe
Interfollicular cells

Intersegmental membrane

Intima
Intermediate s i
clerite or medi
lan scleretic
patch

Lateral ejaculatory duct

Lateral lobe

Longitudinal muscle

Lumen
Membrane
Macrocupule
Median foramen
Microcupule
Median lobe
Median strut
Microtrichia
Nucleus
Nutritive cell
Lateral oviduct

opaque gland
gvary
ovariole

Ovipore
PTePUCial gland

pedicel

rollicular cell®

Pre

paraproct
PseudOSpermatheca
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PSH Peritoneal sheatp
R Rectum |
S Setae
SCM Sacs of median lobe
SE Secretion
SEP Septum
SH Sheath
SPCT Spermatocyte
SPG Spermatogonial cell
SPN Spine
il Spermatheca
SPTD Spermathecal duct

SPFTGL Spermathecal gland

SP 4 Spermatozoa
SSH Syncytial sheath
STY Stylus
TES Testis
TESF Testis follicle
TF Terminal filament
TH Tenent hair
TI Tibia
TL Terminal ligament
TRGL Transparent gland
v Vulva
VAG Vagina
VAGS Vaginal sclerité
VCL Vacuole

VD Vas deferens



I to IX
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Valvifer
Vulval sclerite
Ventral sclerite
Seminal vesicle
Valvula

Zone of maturation
Zone of transformation
Zone of spermatocytes

%one of spermatogonia
These roman numerals stand for abdominal terga

These arabic numerals stand for abdominal sterna



Fig.
Fige
Fige
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fige
Fig.

Fige

10

11

12

PLATE I

Nonretractable segments of the abdomen

Dorsal view of abdomen of Canthydrus laetabilis

Ventral view of abdomen of " "

Ventral view of abdomen of Laccophilus

Ventral view of abdomen of Hyphydrus flavicans

Ventral view of abdomen of Copelatus sp.

Dorsal view of abdomen of Eretes sticticus

Ventral view of abdomen of n 1

Dorsal view of abdomen of Dineutes unidentatus

Ventral view of abdomen of n 1
Ventral view of abdomen of " n
Ventral view of abdomen of Enochrus sp.

Ventral view of abdomen of Hydrous indicus
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wxternal Genitalia of Males

Fig. 1 Ninth segment of Canthvdrus lactabilis

—_—

Fig. # Fusinistral lateral lobe of 5 ;
Fig. 3 Eudextral lateral lobe of " ;

Fig. &4 Median lobe of 1" &

Fig. 5 Ninth segment of Laccophilus sharpi

Fig. 6 Eusinistral lateral lobe of " .

Fig. ¢ Eudextral lateral lobe of "

n

Fiz. B Median lobe of -

"

Fige 9 Ninth segment of Laccophilus flexuosus

Fig. 10 Businistral lateral lobe of o

"

Fig. 11 mudextral lateral lobe of

Fig., 12 Median lobe of

L 1

ig. 1 Genital c le
Fig. 13 < omplex of Hydrovatus acuminatus

Fig. 14 Ventral view of the median lobe of

———

S— I

Figs. b, 06, 7 g, 10, 11, 12 and 14 are drawn to the same scale of Figo1






Fig.
Fig.

Fig.

Fig.
Fig.
Fig.

Fig.

Fig.
Fig.
Fige.

Fig.
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10
11

12
13

18
19
20

21

PLATE TII
External genitalia of Males

g8th sternite of

Genital complex (lateral and ventral
view respectively) of

Inner view of the lateral lobe of

gth sternite of

Ninth sternum with the basal piece
Aedeagus (lateral lobe and median lobe) of
8th sternite of

Genital complex of

Lateral lobe of

gth sternum of

Ninth segment of

Aedeagus (one of the lateral lobes
removed of)

Genital complex (evaginated) of

Median lobe of
Basal piece of

Spatulate organ of the sac (dorsal
sac of the lateral lobes) of

Ninth segment along with 8th sternites of
Genital complex (evaginated)
Basal piece

Ninth segment

Hyphydrus flavicans

n "

Guignotus sp.

1 1"
1" 1"

Herophydrus musicus

Copelatus sp.

n 1t

n "

Eretes sticticus

1" 1"

n "

" "

Hydaticus luczonicus

1" "

A "

" "



PLATE 1y




Fig, 1

Fig.10
Fig.11
Fig.12
Pig.13

Fig.14

PLATE IV

External Genitalia of Males

Lateral lobes with dorsal sac,
Lateral view of the median lobe of
8th sternum of

Lateral view of the aedeagus of
Lateral view of the median lobe of
aedeagus along with 9th sternum of

Aedeagus

Genital complex (dorsal and
ventral views respectively) of

Dorsal and ventral views of

Dorsal and ventral views of
genital complex of

Aedeagus/Dorsal view of the

Hydaticus luczonicus

1" 1n

Cybister tripunctatus

1" mn

Dineutes unidentatus

1 "

Coelostoma stultum

Paracymus evanescens

Enochrus sp.
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PLATE V

External Genitalia of Males

Fig. 1 Dorsal view of the male genital
complex of

Fig. 2 9th sternum " -

Fig. 3 Aedeagus " "

Fig. k Dorsal view of the genital complex of Hydrous indicus

Fig. 5 Ventral view of the genital complex of " "

Fig. 6 Dorsal View of the genital complex of Hydrous senegalensis
Fig. 7 yentral view of the genital complex " 1

Fig. 8 Dorsal view of the genital complex of Berosus indicus

Fig, 9 Ventral view of the genital complex of

1" 1"

Fig. 10 Lateral view of the aedeagus of

LA 1"

Fig., 11 Ventral view of the aedeagus of " |

Fig. 12 Distal end of the median lobe of

" 1"

Fig. 1 Dorsal view of the aedeagus of
te. 10 Berosus pulchellus

Fig. 14 Lateral view of the aedeagus of

n n

Fig. 15a Basalpiece of
s 17 Berosus nr, nigricepS

Fig. 15b Lateral view of the median lobe of

" 1






Fig.

Fig.

Fig.

Fig.

Figs

Fig.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

1

PLATE VI

External Genitalia of Females

Dorsal view of the external genitalia
of females of

Ventral view of the external
genitalia of females of

Lateral view of the external
genitalia of females of

VII and VIII terga of

Dorsal view of the external genitalia
of female,

Ventral view of the female
genitalia and spermatheca of

8th sternite of
Valvifer of

8th sternite of

Valvifer of

The 8th sternite and the
valvifers respectively of

-

Lateral view of the external
genitalia (vaginated) of

Figures 4, 5, 6, 7, 8, 9, 11 and 12 are

Canthydrus laetabilis

Laccophilus flexuosus

n" n

Hydrovatus acuminatus

n n

Hyphydrus flavicans

|1 "

Guignotus sp.

it "

Herophydrus musicus

Eretes sticticus

e e et

e T

drawn to the same scale of F
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Fig.

Fig.

Fig.

Fig.

Figo

Fig.

Fig.

Fig.

Fig.

Fig.

10

11

13

14

15

16

17

18

PLATE VII

Lateral view of the external
genitalia of the female

Lateral view of the external
zenitalia of the female

Dorsal view of the external
genitalia of the female

Dorsal view gf the external
genitalia of the female

Dorsal view af the external
genitalia of the female

Yentral view sf ‘the external
genitalia of the female

Dorsal and ventral view respectively
of the external genitalia of the
female

Dorsal view of the external geni-
talia of the female

Ventral view of the external
genitalia of the female

Dorsal view of the external
genitalia of the female

Ventral view of the external
genitalia of the female

Ventral view of the external
genitalia of the female

Ventral view of the external
genitalia of the female

Ventral view of the external
genitalia of the female

Dorsal view of the internal
reproductive organs of

Dorsal view of the internal
reproductive organs of

Dorsal view of the internal
reproductive organs of

Dorsal view of the internal
reproductive organs of

Hydaticus luczonicud
Cybister tripunctatus

Dineutes unidentatus

Coelostoma g&ultum

Paracymus evanescens
gscello

Enochrus sp.

Sternolophus rupifes

Hydrous indicus

n "

Hydrous senegalensis

1" 1

Berosus indicus

Berosus pulchellus

Berosus

nr. nigriceps

Canthydrus 1aetabills

Laccophilus flexuosus

Laccophilus Earvului







Fig.

Fig.

Fige
Fige
Fig.

Fig.

6a

6b

10
11
12

13

Internal reproductive

Internal reproductive

Internal reproductive
Internal reproductive
Internal reprodvctive

Internal reproductive

organs

organs

organs

organs

organs

organs

of

of

of

of

of

of

Showing the convolutions of the

accessory glands of

Internal reproductive
Internal reproductive
Internal reproductive
Internal reproductive
Internal reproductive
Internal

reproductive

Internal reproductive

organs

organs

organs

organs

organs

organs

organs

of

of

of

of

of

of

of

Hvdrovatus acuminatus

Hyphydrus flavicans

Guignotus sp.

Herophydrus musicus

Copelatus sp.

Eretes sticticus

1 "

Hydaticus luczonicus

Cybister tripunctatus

Dineutes unidentatus

1" "

Hydrous indicus

Stenolophus rufipes

Hydrous senegalensis
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PLATE 1IX

Histology of the Male Internal Reproductive Qrgans

Eretes sticticus

Fig. 1 L.S. of testis

Fig. 2 T.S. of the vas deferens between the testis and the
epididymis

Fig. 3 T.S. of the vas deferens between the epididymi d
the lateral ejaculatory duct P yiLs an

Fig. 4 T.S. of common ejaculatory duct

Fig. 5 T.S. of accessory gland

Dineutes unidentatus

Fig, 6 T.S. of the vas deferens

Fig, 7 T.S. of the lateral ejaculatory duct

Figs. 3, 4 and 6 are drawn to the sam€ scale of Fig, 2
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PLATE X

Histology of the Internal Reproductive Organs of Males

Fieg, 1 T.S. of the common ejaculatory duct

Fig. 2 T.S. of the accessory gland

Hydrous indicus

Fig. 3 L.S. of the testis follicle

Pig. & T.S. of the vas deferens
Fie, 5 T.S. of the seminal vesicle
Fig. 6 T.S. of the common ejaculatory duct

Fig. % T.S. of the opaque gland
Fig. 8 T.S. of the appendicular gland

Fig. 9 T.S. of the transparent gland

Figs. 2, 3, 7 and 8 are drawn to the Same scale of Fig, 1

Figs, 5 and 6 are drawn to the same SCale of Fig, 4,



PLATE X




Fig.

Fig.
Fig.

Fig.

Fig,

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

10

11

12a

12b

12¢

12d

13

PLATE XI

Internal Reproductive Organs of Femzles

Dorsal view of tns internal
reproductive organs of

Internal reproductive organs of
Internal reproductive organs of

Dorsal view of the internal repro-
ductive organs of

Dorsal view of the internal repro-
ductive organs of

Dorsal view of the internal repro-
ductive organs of

Dorsal view of the internal repro-
ductive organs of

Dorsal view of the internal repro-
ductive organs of

Dorsal view of the internal repro-
ductive organs of

TInternal reproductive organs of

Dorsal view of the internal repro-
ductive organs of

Dorsal view of the jnternal repro-
ductive organs of

Branched ovarioles of

Accessory gland from the tip of
the calyx of

Lateral view of the posteriol end
of the reproductive organs of

Internal reproductive organs of

Canthydrus laetaoilis

Laccophilus flexuoSus

Laccophilus sharpi

Hyphydrus flavicans

Guignotus sp.

Herophydrus musicus

Eretes sticticus

Hydaticus luczonicus

Cybister tripunctatus

Dineutes unidentatus

Sternolophus rufipes

Hydrous indicus

1" 1]

1 1

" 11

Hydrous senegalensis

Figs, 6 and 7 are drawn to the same scale of Fig. 2.
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PLATS XII

Histology of the Internal Reproductive Qrgans of Females

Fig.

Fig. 2

Fiz. 3

Fig. 4

Fig. 5

Fig. 6

. 8

Eretes sticticus

of the polytrophic ovariole

of the lateral oviduct

of the spermatheca

of spermathecal gland

of the vagina

Dineutes unidentatus

of the common oviduct

Figs. 3, 4 and 5 are drawn to the same scale of Fig. 2
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PLATE XII




PLATI XITII

Histology of the Internal Reproductive Organs of Females

Uineutes unidentatus

Fig. 1 T.28. of Dhursa

Hydrous indicus

Fig. 2a L.S. through the anterior part of the germarium
Fig. 2b L.S. through the posterior part of the germarium

Fig. 2¢  L.S. through the region of the developing egg
and the developed egg

Fig. 3 T.5. of accessory gland of the lateral oviduct
Fig. 4 L.3. of the spermathecal glandg
Fig, & 1.8+ of the spermathecal capsule

Fig. 6 L.S. of the spermathecal duct

Figs. 2b and 2¢ are drawn to the same scale of Fig. 2a.
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Fig.
Fig.
Fig.
Fié.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

PLATE X1V

asccessory Copulatory 3Structures

10

nd

12

Protarsus

Protarsus

Protarsus

Protarsus

Protarsus

Protarsus

Protarsus

Protarsus

Protarsus

Mesotarsus of

Protarsus

Protarsus

of

of

of

of

of

of

of

of

of

of

of

Laccophilus sharpi

Laccophilus flexuosus (diagrammatic)

Hydrovatus acuminatus

Hyphydrus flavicans

Guignotus sp.

Herophydrus musicus

Copelatus sp.

Lretes sticticus

Hydaticus luczonicus

" "

Cybister tripunctatus asiaticus

Dineutes unidentatus
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PLATE

e

%V

Accessory Copulatory Structures

Fig. 1 Protarsus of Paracymus evanescens
Fiz. 2 Protarsus of Hydrous indicus

Fig. 3 Protarsus of Hydrous Sénsgalensis
Fig. 4 Protarsus of Berosus indicus

Fig. 5 Protarsus of Berosus pulchellus
Fig. 6 Protarsus of Berosus

F. TLEEleens

Figs.7 to 13 Suggesting the origin and evolution of

paraprocts
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Figs. 1 to 6 : Suggesting the evolution of the female
external genitalia

Fig. 1 Representing Hydroporinae (Diagrammatic)
Fig., 2 Representing Noterinae ( " )
Fig. 3 Representing Laccophilinae ( " )
Figs.L and 5 Agabus and Ilybius of Colymbetinase ( " )
Fig. 6 Representing Dytiscinae ( " )

Figs.7-11 Figs suggesting the origin of Diorificid type of
reproductive organs

Figs.12-13 (@accular type), Fig. 12(Diorificid type) and
Fig. 13 (Tubular type): Evolution of the three types
of reproductive organs observed in Coleoptera

Figs. 14 to 16 : Figures suggesting the evolution of adhesive

setae
Fig. 14 Tenent hair
Fig. 15 Microcupule

Fig. 16 Macrocupule
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