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INTRODUCTION.

Though in recent years the homologies of the external male genitalia, due to their importance
in clagsification of various insects, have attracted the attention of a number of investigators,
the order Siphonaptera has not been given the study which its morphological interest merits.
In fleas only a small part of the external male genitalia has been given importance from the
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taxonomic viewpoint; consequently, only a few attempts have been made to homologize their
various parts and to give correct interpretation of them.

The male genital complex of fleas, as in other insects, is differentiated into two distinct
types of structures: firstly, the periphallic organs which include the peripheral accessory
structures belonging to the ninth and tenth abdominal segments; secondly, the phallic organs
which comprise a median aedeagus with its accessory structures completely enclosed within a
greatly enlarged phallotheca. Both these have reached an extreme degree of development,
and are very large in proportion to the size of the flea. The comparatively reduced aedeagus is
permanently sunk into the elongated phallotheca which lies above the ninth and below the
tenth abdominal sternum and is surrounded posteriorly by a short genital chamber. Owing
to a great development of the phallotheca and the complicated nature of its various ensheathing
sclerites, the structure of the so-called ‘penis’, notwithstanding the elaborate efforts of a few
earlier workers, has remained so far a mystery. The present study is an attempt to unravel it.

The terminology used in this paper is the same as is adopted by Snodgrass (1935, 1936,
1941) in his recent publications on insect morphology ; but some new terms have been introduced,
in order to give designations to structures of local significance, so as to facilitate their specific
descriptions. Attempts, however, are made to homologize the various structures of the male
genitalia of the flea and thus bring them in‘line with those of other insects. The so-called
‘penis’ hereafter will be designated the copulatory apparatus, as it includes the clasping
organs, the harpagones, in addition to the organs of intromission (Snodgrass, 1935, p. 581).

The present study was commenced in 1930, whilst I was working in the Zoological Survey
of India, Calcutta, and was completed in 1939 at the Haffkine Institute, Bombay. Owing to
heavy pressure of work, this paper could not be prepared earlier for publication. I am thankful
to the Director, Zoological Survey of India, for permitting me to retain for such a long time
the slides of the male genitalia of the flea, which I had prepared during the period of my service
in that department. Some of the slides I had the misfortune to lose recently under very peculiar
circumstances, and they have been replaced by fresh preparations.

The text-figures illustrating this paper have been finished by me in ink, and the
accompanying plate was prepared by Babu Subodh Mondul, an artist of the Zoological Survey
of India. I am thankfulto him for the care he has taken in making true and faithful delineations
of the specimens.

Dr. H. 8. Pruthi, Imperial Entomologist, Imperial Agricultural Research Institute, New
Delhi, has kindly read through my manuscript and has made several valuable suggestions, for
which I am indebted to him,

I take the opportunity of expressing my feelings of indebtedness and gratitude to my chief,
Lt.-Col. 8. 8. Sokhey, Director, Haffkine Institute, for affording me facilities to finish this work
and help in various other matters. I am also thankful to him for revising my manuscript.

HisTory.

Amongst the earlier workers to whom we owe our knowledge of the male genital organs
of fleas, the names of Résel von Rosenhof (1749), Karsten (1864), Taschenberg (1880), Wagner
(1889), Rothschild (1898), and Advisory Committee (1907) deserve to be mentioned. Landois
(1866, pp. 38-49) published a detailed though partially defective account of the external and
internal male genitalia of Ctenocephalides canis (Curtis). The gonotreme was erroneously
named by him the cloacal aperture (‘Cloakenéffnung’), and most of the musculature of the
male genitalia was wrongly described. The copulatory apparatus was differentiated by him
into the penis proper and the guiding skeleton (‘das Leitscelet’), and by the former he meant
the phallotheca with its enclosed aedeagus and the copulatory rods. Subsequently, there
appeared a number of papers by different workers on the morphology and classification of
fleas, which incidently referred to the external male genitalia; but little attention was paid
by them to the structure of the copulatory apparatus. Amongst these, two papers by Jordan
and Rothschild (1906, 1908) and one by Dampf (1910) are of interest.

Cholodkovsky (1914, p. 556) incidently described and figured the internal male organs of
reproduction of the dog-flea, with a view to throw light on the systematic position of fleas.

To Minchin (1915, pp. 452-457) we owe a fairly detailed illustrated account of the internal
male reproductive organs of Nosopsyllus fasciatus (Bosc). The hairy cuticular processes of the
internal intima of the phallotheca and the external intima of the aedeagus were wrongly
considered by him as the tails of the spermatozoa,



&2 M. SHARIF: ON THE STRUCTURE OF THE SO-CALLED °‘ PENIS’ OF THE ORIENTAL

Pavlovskij (1926) gives an illustrated account of the internal reproductive organs of the
males of six species of fleas, which include C. canis and C. felis (Bouché); but no attention is
paid to the structure of the copulatory apparatus. He has, however, found that individual
genera showed particular differences in the internal male reproductive organs, and a key to
differentiate some genera on their basis alone is given by him.

Lundblad (1927) describes the mode of copulation in Ceratophyllus gallinae (Schrank).
The male antennae, according to him, are organs of prehension, and firm grasping of the
keel-like venter of the female is effected by them. The well-developed genital projections of the
male, such as processes and fingers of the claspers, are used partially for holding the female.

Patton and Evans (1929, pp. 511, 522) give a brief illustrated account of the male repro-
ductive organs of Xenopsylla cheopis (Rothschild); but the entire copulatory apparatus, con-
sisting of the penis and its sheath, was erroneously called by them ‘the @doeagus’ [aedeagus].
They bave wrongly designated the bulbus ejaculatorius the seminal vesicle which, according to
them, ‘appears to act as a kind of pump for forcing the spermatozoa forwards’.

To Wagner (1932) we owe a detailed account of the terminal abdominal segments of
Hystrichopsylla talpae (Curtis) and a comparative account of those of thirty-one other species
of flcas, which include C. canis. According to him, the abdomen of fleas is composed of eleven
segments in addition to the anal one. Subsequently, he (1933) has confirmed his conclusion
by bis study on the adult of Plocopsylle enderleini Wagner. This author does not pay any
altention to the structure of the copulatory apparatus,

Sharif (1937, p. 520) has studied the postembryonic development of the male genitalia of
N. fasciatus, and considers the phallic lobes to be appendages of the tenth abdominal segment
and harpagones those of the ninth abdominal segment. Each of the former splits into two by
a horizontal longitudinal fissure into the paramere and penis lobes.

ENUMERATION OF THE TERMINAL BoDY SEGMENTS.

There is a difference of opinion as o the exact enumeration of the abdominal segments in
fleas. Generally, it is considered that the abdomen of the Siphonaptera contains only ten
segments, and this number is easily discernible in the larval, pupal and adult stages of fleas.
However, Wagner (1932, 1933) has recently demonstrated the existence of eleven abdominal
segments in addition to the anal one in adult fleas. The presence of twelve segments in the
abdomen of the Siphonaptera appears to be strange, when it is definitely known that most of the
holometabolous insccts have ten visible abdominal segments (Snodgrass, 1935, p. 255), and
possibly the eleventh abdominal segment is intimately fused with the tenth. Embryological
studies of Kessel (1939, p. 44) on fleas indicate the existence of eleven abdominal segments
and an incomplete one, the telson, only in the early embryo; but according to him, the eleventh
abdominal segment, ‘which is considerably smaller than the rest, does not remain visible from
the outside for long as it is soon carried inward by the invagination of the proctodaeum and
becomes telescoped within the tenth segment’.  He was able to detect only ten pairs of ganglia
in the abdominal region (p. 51), “one pair originating in each segment thereof except the most
caudal one’. 1In view of Kessel’s observations on the flea embryos, it is reasonable to assume
that the so-called numerical tenth abdominal segment in fleas is possibly a composite structure,
including parts of the eleventh segment. There is, however, nothing in the crganization of the
larva, pupa or adult, that would suggest the existence of the twelfth abdominal segment in fleas.
Morcover, as pointed out by Snodgrass (1931, p. 3) that ‘The twelfth [abdominal] segment is
practically obliterated’ in almost all the true inseets. The abdominal segment designated by
Wagner as the eleventh in adult fleas does not appear to be a true segment at all, and in con-
sequence, there is a serious mistake in his enumeration of the segments of the abdomen of fleas.

According to Wagner (1932), the previously known ninth abdominal tergum is a composite
structure, consisting of the ninth and tenth abdominal terga. The pygidium along with an
adjoining hinder sclerotized portion is considered by him the tenth abdominal tergum. His
assumption is based on the presence of an intersegmental membrane in front of the pygidium,
as is borne out by his statement (1933, p. 371), ‘Die Pygidialplatte (Fig. 8 py) ist von der
Dorsalplatte der Gonopoden durch eine ziemlich breite Intersegmentalmembran (im) deutlich
abgesondert’. In C. felis orientis (Text-fig. 1) I have observed a sclerotized groove (a.i.) in
front of the pygidium (py.), which is likely to be misinterpreted as an intersegmental membrane ;
but, in reality, it represents an apodemal invagination of the two plate-like dorsal apodemes of
the ninth tergum (d.a.9.). This groove cannot be considered, by any means, as the sclerotized
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intersegmental membrane behind the ninth tergum. I have failed to find any line of articulation-
in front of the pygidium both in the longitudinal and transverse sections of the oriental cat-flea,
which would suggest the separation of the pygidium frem the portion of the tergite designated
by Wagner as the ninth abdominal tergum. If the pygidium is to be considered as the tenth
abdominal tergite, as is suggested by Wagner, it would be very widely separated froin the
tenth abdominal sternum due to interpolation of the ninth abdominal tergites on its sides,
which can hardly be considered possible. The ninth abdominal tergum, according to him, is
either fused with the pygidial tergite or with its own apodeme (‘der Dorsalplatte der Gonopcden’).
The ‘ Dorsalplatte’ which in the Ceratophyllinae, according to him (1932, p. 94), is the only dorsal
part in front of the pygidium and which is in reality the apodemal plate or endoskeleton
{‘Endeskelett’) as he calls it, will leave hardly any portion on the dorsal side that would
represent the ninth tergum. This fact alone threws doubt on the existence of a separate pygidial
tergite, as an apodeme can scarcely exist without its parental sclerite. T have failed to find
any subpygidial sclerite distinet from the terminal one in the orienta! cat-flea, as has been found
by Wagner (1932, p. 10R) in the males of Tarsopsylla octodecimdentatus (Kolenati), N. fosciatus
and Ceratophyllus tesquorum Wagner.

There is, however, another practical difficulty in acceptance of Wagner’s enumeration of
abdominal segments. In the flea larva the tenth and eleventh abdominal segments have
become completely fused. Unless the separation of the tenth abdominal segment from
the eleventh, and its subsequent fusion with the ninth segment is proved, it is very difficult
toagree to his assumption. It is, however, suggested that it is not safe to base the enumeration
of body segments purely on the basis of various sclerites of the adult, especially in the terminal
region of the body, as is done by Wagner. As pointed out by Snodgrass (1933, p. 71),
‘Subdivisions of a principal segmental plate or the component sclerites of a major area of
sclerotization’ ‘do not define anatomical areas’, and ‘Much inaccuracy of thought, as well as
confusion in descriptive statements, has resulted from identifying areas of sclerotizatiom with
the morphological regions they occupy’. Consequently, in this paper the number of abdominal
segments is taken to be ten, as is done by Rothschild (1898), Dampf (1910) and many other
workers, and the last segment is considered to contain the elements of the eleventh segment also.

TaE PErIPHALLIC ORGANS.

The periphallic organs in the oriental cat-flea (Text-fig. 1), as in most other insects, are
derived from the ninth and tenth abdominal segments, and form an elaborate genital complex.
Owing to a great development of the copulatory apparatus and its extension far interior into the
abdomen and far beyond the level of the anus (an.) posteriorly, both the ninth (s.9.) and tenth
(s.z.) abdominal sterna are greatly enlarged and deeply inflected. The inflections of both the
ninth and tenth abdominal sterna are well indicated in the transitional stage from the pupa
to the adult, when the proliferating epidermal cells belonging to each of the sterna form a
continuous layer and the copulatory apparatus extends farther beyond the level of the anus
than in the adult. The tenth abdominal sternum in the adult extends from the upper end of the
gonotreme (gt.) to the lower end of the anus and the ninth abdominal sternum from the distal
end of the eighth abdominal sternum (s.8.) to the lower end of the gonotreme. Between the
ninth and tenth abdominal sterna there is a short inflection, forming a sort of invagination
cavity lined with a membrane, which is the genital chamber (Text-figs. 2, 4, 9, 10, g.c.), opening
outwards by an inverted keyhole-shaped aperture, the gonotreme (Text-figs. 1, 4, gt.).

The periphallic elements (Text-fig. 1) which are intimately associated with the copulatory
apparatus are the ninth abdominal sternum (s.9.) with its apodemes and gonopods, and the
genital portion of the tenth abdominal sternum (g.x.s.) with its greatly developed apodeme
(x.5.a.). Both these are highly complicated, and add much to the complexity of the copulatory
apparatus. They give support to the genital and phallothecal chambers (Text-fig. 2, g.c., ph.c.)
and the musculature of the copulatory apparatus.

The ninth abdominal sternum (Text-fig. 1, 8.9.) is greatly developed and complicated due
to different degrees of sclerotization at various places. Consequently, previous workers have
failed to understand its structure properly, and only a part of it has been mentioned in the
earlier literature. In reality, it is a definitive sternum that includes the areas of limb bases.
It extends forwards into a deep inflection so as to form a double lining. The outer lining, the
somatic portion (Text-figs. 1, 6, 5.5.9.), is adnate with the inner one, the genital portion (Text-
figs. 1, 3, 6, g.5.9.).
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The so-called ‘boomerang-shaped’ structure (Jordan and Rothschild, 1908, p. 30), which is
a highly sclerotized section of the somatic portion (Text-fig. 1) and is of great importance
from the classification viewpoint, has been wrongly termed the ninth sternum by many previous
workers. In reality, it is a composite structure, consisting of two internal vertical arms united
with each other at their lower ends to form a ¥ and a horizontal arm which is entirely undivided
in this species. Morphologically, the ¥V-shaped structure is a sternite of the ninth abdominal
segment (s£.9.). Due to a great development of the intersegmental membrane (i.m.) between
the eighth and ninth abdominal sterna, it has been pushed forwards considerably, and thus
has become internal. Each arm is a solid sclerite, and is provided with an external ridge (r.s.)
for the attachment of the unsclerotized and membranous portion of the sternum (m.s.9.), which
is continued anteriorly up to the basal end of the rod-like apodeme of the pons coxalis (a.p.c.)
and then turns back to the genital portion. Anatomically, the horizontal arm is a posteriorly
directed apodeme of the ninth sternite (p.a.9.), possibly representing the antecosta of the ninth
abdominal sternum. Its lateral sides are turned upwards so as to make it scoop-shaped, in the
channel of whieh rests the posterior portion of the copulatory apparatus. Its apodemal
invagination (a.2.) which opens into the body cavity is fairly wide, and extends up to its distal
end. The apodeme lies free between the intersegmental membrane (i.m.) and the genital
portion of the sternum (g.s.9.), and its distal portion is provided with a keel on its ventral side.

I cannot agree with Wagner (1932, p. 104) that a major portion of the so-called ‘ boomerang-
shaped’ structure, especially its horizontal arm, represents the ‘Collare’ which, according to
him, is the hinder portion of a preceding segment that covers and surrounds the front portion
of a succeeding segment ; because the ninth sternite and its apcdeme represent the originally
anterior section of the ninth abdominal sternum, which due to its inflection has become posteriorly
directed. :

The genital portion of the ninth abdominal sternum (Text-figs. 1, 3, g.s.9; Pl II, fig. 1),
which is produced posteriorly into a long, gradually tapering and gutter-shaped extension,
ending in a truncate distal margin, has its lateral sides turned upwards so as to form the ventral

TEXT-FIG. 1. Semidiagrammatic side view of the male genitalia of C. felis orientis, showing the musculature
and cuticular parts, X about 168. (Some of the external dorsoventral muscles are removed to show
the exact location of the internal dorsoventral muscles. A part of the eighth abdominal sternum is
shown to indicate its relation with the ninth.)

and lateral sides of the posterior portion of the copulatory apparatus, and was designated by
Landois (1866, p. 45) the lower gutter (‘die untere Rinne’). It is possibly a coxosternite in
which the coxopodites have become completely fused with the genital portion of the ninth
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abdominal sternum. Anteriorly, it is connected with the somatic portion by an unsclerotized
and membranous portion of the venter. Due to different degrees of sclerotization at various
places, the genital portion is also fairly complicated. From its lower anterior end runs back-
wards and upwards on each side a highly sclerotized thickening which mecis posteriorly a
similar one strengthening its dorsal margin. The portions of the sternum outlined by these
thickenings on both the sides represent the coxopodites which are designated here the coxal
plates (Text-figs. 1, 3, 7, 8, 10, ¢.p.). From the distal narrow end of each of them there springs
a backwardly and downwardly directed hatchet-shaped sclerite which is the harpagone (Text-
figs. 1, 3, hg.), representing the stylus of the gonopod. Apparently, the gonopods are well
represented in this flea and are of a typical structure; each consists of a triangle-shaped
coxopodite incorporated in the posterior or genital portion of the sternum so as to form a coxal
plate, and a free harpago. The coxal plates are united with each other in front by a trans-
verse bridge designated by Snodgrass (1935, p. 601) pons coxalis (p.c.). From the anterior
end of the pons coxalis proceeds a long rod-like apedeme (@.p.c.) provided with a well-developed
apodemal invagination, which gradually narrows towards its anterior end into a fine point
and forms the lower margin of a greater portion of the copulatory apparatus. This has been
termed by Landois (1866, p. 45) the retraction spring (‘die Retractionsfeder’) on account of its
high grade of elasticity. Each of the anterior upper corners of the coxal plates is joined with
the base of a manubrium of the ninth tergum by a narrow connecting sclerite (s.c.).

The tenth abdominal sternum (Text-fig. 1).—In the flea the tenth abdominal segment is
characterized by a great enlargement of its sternum (s.z.). Due to its deep inflection, it is
secondarily subdivided into an upper anal portion (a..s.), the originally posterior section, and
a genital portion (g.z.s.), the initially anterior secticn. The latter is mainly absorbed in the
copulatory apparatus.

The biggest sclerite (Text-figs. 1, 2, 4; P1. 11, fig. 1) in the body of the male flea, which
forms the dorsal and dorsolateral regions of the copulatory apparatus and was named by
Landois (1866, p. 45) the upper gutter (‘die obere Rinne’), is a composite structure. Anatomi-
cally, it is composed of an anterior part, the tenth sternal apodeme (z.s.@.) whose true morpho-
logical nature is demonstrated by the presence of an elongated apcdemal invagination (Text-
fig. 2, @.1.) in its body, and a posterior part, the genital portion of the tenth abdominal sternum
(g.x.s.) which has become reflected backwards due to the posterior extension of the copulatory
apparatus beyond the level of the anus. Anteriorly, the genital portion of the tenth abdominal
sternum is comparatively narrow and flat, and does not cover the lateral sides of the genital
portion of the ninth abdominal sternum (Text-figs. 6, 7, 8, g.2.5.); but posteriorly it is broad
and laterally compressed, and its lateral downward extensions eover the latter (Text-figs. 9, 10,
g.x.s.). Its lateral extensions on both the sides of the genital chamber have wrongly been
designated by some previous workers, especially Jordan (1926, Pl. XIX, figs. 59-61), as
parameres. With the posterior lower margin of each of them articulates & hammer-shaped
sclerite (Text-figs. 2, 4, k.s.).

The tenth sternal apodeme (Text-figs. 1, 2, 4, z.s.a. ; PL. 11, fig. 1) is strengthened by three
internal longitudinal ridges, one median and two lateral in position. The median ridge (m.r.)
is greatly developed, and has the form of a sabre-shaped septum whose lower border is furnished
with a strongly sclerotized thick margin. Posteriorly, the median ridge is connected with a
Y-shaped sclerotic thickening whose lateral narrow arms (Text-fig. 4, l.a.) extend up to the
lateral ridges (I.7.). The two lateral ridges are rod-like sclerotized thickenings, and posteriorly
each of them bifurcates to form a fork. The inner limbs (i.l.) of the forks, which are shorter
than the outer ones (o0.l.), are fused with the lower margins of a posteriorly directed ventral
extension of the apodeme (Text-figs. 2, 4, 5, p.v.a.). The posterior end of the apodeme, where
it is continued with the genital portion of the tenth abdominal sternum, is provided with an
external and backwardly directed horseshoe-shaped sclerotic thickening (Text-figs. 1, 4, h.x.)
whose limbs are fused with the outer limbs of the forks of the lateral ridges. The apodeme
is separated from the phallotheca by a wide space occupied by a mass of different kinds of
muscle-fibres.

The so-called ‘tenth abdominal sternum’ of the male flea is only a small anal portion of the
tenth sternum (Text-fig. 1, a.z.s.), which is strengthened by a sub-triangular sclerite and is
widely separated from its genital portion by a large unsclerotized and membranous portion of
the sternum (m.s.z.). Owing to the hyperdevelopment of the sternum of the tenth abdominal
gegment, its tergum (¢.z.) is far removed and has suffered a great reduction. Consequently,
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the tergum does not take part in the formation of the male genitalia. It is also strengthened
by a small sub-triangular sclerite with its apex directed backwards.

T'he ninth abdominal tergumn of fleas is greatly developed. On account of its importance
from the point of view of classification of fleas, it is described in detail by various workers,
particularly Wagner (1889, 1932, 1933), Rothschild (1898), Jordan and Rothschild (1906,
p- 38), and Patton and Cragg (1913, p. 444), and that of the oriental cat-flea is figured by nie
(Sharif, 1930, p. 61). In this flea (Text-fig. 1, £.9.) it is composed of a narrow dorsal band pro-
vided with two well-developed, anteriorly directed, plate-like dorsal apodemes (d.a.9.), pygidium
(py.), two lateral portions lying immediately below the pygidium, generally known as claspers
(cl.), and attached to each clasper two moveable processes (p.2, p.3.), and a manubrium (mn.)
which is an apodemal rod. I agree with most other workers on fleas in considering all the
above-mentioned structures as parts of the ninth abdominal tergum. They are not very inti-
mately associated with the copulatory apparatus, except that they give support to some of its
extrinsic muscles.

Lately Wagner (1932) has designated each of the dorsal apodemes of the ninth abdominal
tergum as a process of the dorsal plate (‘Auswuchs der Dorsalplatte’), clasper as ‘Corpus’,
and the two moveable processes of a clasper as exopodite (‘Exopodit’) and endopodite (‘Ento-
podit’). I cannot agree with him (p. 86) in calling the claspers as basipodites, their processes
as expodites and endopodites, and all of them collectively as gonopods, for the simple reason
that the gonopods always spring from ‘some part of the lateral or ventral walls of the genital
segment, never from the tergal region’ (Snodgrass, 1935, p. 592). The application of the
name gonopods to these structures is a misnomer from the standpoint of homwology. My
studies on the postembryonic development of N. fasciatus (Sharif, 1937, p. 521) have convinced
me that the definitive ninth abdominal sternum of adult fieas is formed by the fusion of the
gonopods with the sternum. The gonopeds make their appearance in the prepupal stage of
the flea, and have recently been designated by Sncdgrass (1941, p. 6) the ‘coxal plates’. The
true gonopods, as already pointed out (p. 85), are even well represented in the adult flea, and
are associated with the ninth abdominal sternum and not with the ninth abdominal tergum
as is described by Wagner. The use by previous workers of the terms exopodite, endopodite
and basipodite, which are well-defined parts of an arthropodan appendage, for a clasper
and its processes, whose true homologies still remain undetermined, as they are special features
of fleas and probably have no homologue in other insects, is deprecated. Consequently, ¥ adhere
to the old praetice of denoting them with numbers as is done by Jordan and Rothschild (1906,
p. 39), which does not indicate any relationship. The second process of the clasper of the
oriental cat-flea is considered homologous with the second process of Pulex ¢rritans Linnaeus, as
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- TExt.¥i16. 2. Diagrammatic lateral sagittal section of the copulatory apparatus of C. felis orientis, X about
168. (Reconstructed from several longitudinal sections and whole mounts.)
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is done by Jordan and Rothschild and not with the first process (‘Exopodit’) of P. irritans, as
Wagner (1932, p. 89) thinks it to be.

THE PHALLIC ORGANS.

The phallic organs of the Siphonaptera (Text-fig. 2), which are chiefly concerned with the
function of coition as in other insects, attain the highest degree of development. They consist
of (a) the short median aedeagus (ae.), (b) two elongated copulatory rods (l.c.r., u.c.r.), and
(c) the phallotheca (pht.). The aedcagus, being short, cannot protrude through the external

ap-c. p-C.

TexrT-F168, 3-6. C. felis orientis. (Sclerotized parts are darkly shaded and membranous parts lightly
shaded.)

TeExT-F1G. 3. Semidiagrammatic side view of the genital portion of the ninth abdominal definitive sternum,
X about 230. (Slightly displaced.)

TEXT-FI16. 4, Semidiagrammatic ventral view of the genital portion of the tenth abdominal sternum and
its apodeme along with a part of the posterior sclerotic complex of the phallotheca, X about 164.

TEXT-FIG. 5. Semidiagrammatic transverse section through the copulatory epperatus, passing at the level
of the anterior portion of the pumping bulb, marked 4-4’ in Text-fig. 2, X about 370.

TeExT-F16. 6. Semidiagrammatic transverse section through the copulatory apparatus, passing at the level
of the middle of the pumping bulb, marked B-B’ in Text-fig. 2 (slightly oblique), X about 370,
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opening of the phallotheca (e.0.p.), and is not a functionally intromittent organ, as has already
been pointed out by Landois (1866, p. 48). The two copulatory rods are secondary structures,
subserving the intromittent function, and act as sperm conveyers into the bursa copulatrix
of the female.

The anterior dorsal portion of the phallotheca (Text-fig. 2) is lined with a layer of large
epithelial cells, and the posterior one is without any lining of cells. The entire aedeagus is lined
with two layers of such large cells. The outer layer belongs to the wall of the aedeagus termed by
Snodgrass (1935, p. 589) the ectophallus (ect.) and the inner one to the unpaired ejaculatory duct.

(a) The Aedeagus.

The aedeagus (Text-fig. 2, ae.) arises as an evagination from the anterior end of the
phallothecal chamber, and extends up to about two-thirds the length of the latter. It tapers
gradually towards its posterior end into an extremely fine and weakly sclerotized point which
rests on the dilated portion of the upper copulatory rod (u.c.r.). The aedeagus acquires a
triquetral form, i.e. triangular in cross-section, in its greater posterior portion, and is covered
with thin intima furnished with extremely fine hair-like cuticular processes all over except on
its ventral side (P1. I, fig. 1), where especially in its posterior two-thirds the cuticle is sclerotized
to form a moderately thick supporting sclerite (v.s.a.). This sclerite and the lower copulatory
rod were designated by Landois (1866, p. 46) as two lateral chitinousribs (seitliche Chitinschienen).
The paired ejaculatory ducts (p.e.d.), starting from the junction of the accessory glands and
vasa deferentia of the two sides, open into a sac-like dilatation—the bulbus ejaculatorius (b.e.)—
at the base of the aedeagus. From this dilatation runs backwards the unpaired ejaculatory
duct (u.e.d.) which traverses almost the entire length of the aedeagus and opens by a gonopore
(gp.) on its dorsal side near the tip. The aedeagus has wrongly been termed by Landois (1866,
p. 46) the apex covering leaf (‘Spitzendeckblatt’).

(b) The Copulatory Rods.

These are two strongly sclerotized and elongated rod-like structures (Text-figs. 1, 2;
PL 11, fig. 2). Anteriorly, they are embedded in the musculature of the front wall of the phallo-.
base (phb.), to which they give support. Posteriorly, they lie free ventrally to the aedeagus
in the cavity enclosed by the phallotheca. Their exact nature could not be determined, but
probably they are the parameres. Both these have been seen actually protruding through the
external opening of the phallotheca (e.0.p.) at the time of copulation.

The lower copulatory rod (l.c.7.) is longer of the two, and is almost of uniform diameter
throughout. Its second quarter from the anterior end is provided with a thin sclerotized
flank on the right side (Pl. II, fig. 2). The terminal quarter is grooved dorsally and becomes
tubular near its distal end by the overlapping of its margins (Text-fig. 8, l.c.r.). At the time
of copulation, its terminal portion passes through the external opening of the phallotheca into
the bursa copulatrix of the female, and thus it is the main copulatory rod.

The upper copulatoryrod (u.c.r.) has its anterior end dilated to form a thin sub-quadrangular
plate (PL. II, fig. 2), the front side of which is comparatively more thickened. This plate gives
support to the left side of the bulbus ejaculatorius (b.e.). The posterior end of this copulatory
rod is dilated to form a spatulate lobe (s..r.), which is pierced by the distal portion of the lower
copulatory rod and is provided with three posteriorly directed finger-like processes. The lateral
sides of the spatulate lobe are turned upwards and meet each other in its distal region to form
a canal (Text-fig. 7, s.u.r.). The lower surface of this rod, proximal to the spatulate lobe, is
grooved for lodging the lower copulatory rod. This rod, like the lower one, is also provided with
a thin sclerotized flank on the right side, and was termed by Landois (1866, p. 46) the middle
chitinous rib (die mittlere Chitinschiene).

{c) The Phallotheca.

The phallotheca (Text-fig. 2, pkt.) is a tubular sheath, which is so greatly developed in the
flea that it wholly encloses the reduced aedeagus and the elongated copulatory rods. It is
probably the phallocrypt, a deep ‘pocket in the genital chamber wall, which possibly represents
the endotheca’ (Snodgrass, 1935, p. 589), whose lips are produced as a tubular theca. The
cavity enclosed by it is named here the phallothecal chamber (pk.c.) which is a permanent
long irreversible cavity. Anteriorly, it is comparatively broad and is lined with thin intima
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furnished with extremely fine cuticular hairs. Its hinder portion, showing a high degree of
sclerotization, is slightly narrowed, and is complicated so as to form a well-developed posterior

TexT-FI168. 7-10.—Semidiagrammatic transverse sections through the copulatory apparatus of C. felis orientis,
passing at different levels marked in Text-fig. 2, (Sclerotized parts are darkly shaded and membranous
parts lightly shaded). -

TEXT-F1a. 7.—At the level of the front portion of the tube of the pumping apparatus and the stalk of the
leaf-shaped ventral sclerite, marked C-C’, showing the inlet valve, X about 490.

TexT-F16, 8,—At the level of the outlet aperture of the tube of the pumping apparatus, marked D-D’, X
about 420.

TEXT-FI6. 9.—At the level of the bend of the terminal section of the posterior sclerotic tube, marked E-E’,
X about 600.

TEXT-FIG. 10.—A¢t the level of the middle of the terminal section of the posterior sclerotic tube, marked F-F’,
X about 504.

sclerotic complex which is composed of four anatomical units most useful for descriptive
purposes: (1) the posterior sclerotic tube, (2) the pumping apparatus, (3) the ¥-shaped dorsal
sclerite, and (4) the leaf-shaped ventral sclerite.

(1) T'he posterior sclerotic tube (Text-fig. 2) is highly sclerotized and thick-walled, and it
can be readily divided into an anterior more thick-walled section (a.s.p.) and a terminal section
(t.5.p.). The latter, after piercing the front end of the genital chamber, lies within it, and is
slightly bent in about the middle. It has wrongly heen designated by most of the previous
workers as the aedeagus. Its distal cone-shaped part contains a very narrow lumen opening
externally by a narrow aperture (e.o.p.) through which the copulatory rods protrude at the time
of copulation, and an elaborate closing mechanism which consists of a close spiral of soft
cuticular lamellae (Text-figs. 2, 10, ¢.m.). The latter probably acts as an automatically working
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plug which assists in drawing up the spermatic fluid by the pumping apparatus from the phallo-
thecal chamber by cloging its external opening. Whole of this tubular portion is lined internally
with an additional layer of soft cuticle, so as to make it air-tight. From the junction of
the two sections springs a dorsal, backwardly directed and strongly sclerotized solid process,
having a hook-like free end (k.d.p.), which extends up to the posterior extremity of the genital
portion of the tenth abdominal sternum. The anterior section has a lateral process (Text-
figs. 1, 4, l.p.p.) on each side, directed forwards to meet the outer limb of the posterior fork
formed by the lateral ridge (o.l.) of the tenth sternal apodeme. Both these processes enclose
a large pear-shaped lateral aperture with the genital portion of the tenth abdominal sternum
(Pl 11, fig. 1).

(2) The pumping apparatus (Text-fig. 2) is without a doubt the most outstanding structure
in the copulatory apparatus, but it has escaped the attention of all the previous workers. It
resembles an India-rubber teat of a dropper or pipette and is differentiated into an anterior
dilated chamber designated here the pumping bulb (p.b.) and the posteriorly running tube
(t.p.a.). The pumping bulb is an elastic sac made of cuticle, showing different degrees of
sclerotization at various places. It is strengthened on the dorsal and lateral sides by a thick
sclerite (Text-figs. 1, 2, 5, 6, d.s.), leaving soft membranous cuticle in front and behind. This
sclerite will be called hereafter the dorsal sclerite of the pumping bulb, and its lower margins
articulate by soft and flexible membranes with the two externally indented strong sclerites
(Text-figs. 4, 5, 1.s.), each of which is held firmly by the two arms of the posterior fork of a
lateral ridge of the tenth sternal apodeme. The floor of the pumping apparatus is strengthened
anteriorly by the posterior ventral extension of the tenth sternal apodeme (Text-figs. 2, 5,
pv.a.), and posteriorly by an clongated sclerite which will be known hereafter the ventral
sclerite of the pumping apparatus (Text-figs. 2, 6, v.s.p.). The latter sclerite is covered in the
region of the pumping bulb by a soft unsclerotized cuticle furnished with fine cuticular hairy
processes, and ventrally it articulates in the front portion of the pumping bulb with the anterior
portion of the unbranched limb of the Y-shaped dorsal sclerite of the phallotheca (Text-fig. 6,
y.d.s.) by an unsclerotized cuticle. In addition, the pumping bulb is well protected on its
dorsal side by the genital portion of the tenth abdominal sternum (Text-fig. 2, g.x.s.), and on
its front and lower sides by the posterior ventral extension of its apodeme (p.v.a.), the limbs
of the posterior forks of the lateral ridges (:.0., 0.l.) and lateral processes of the posterior sclerotic
tube (Text-fig. 1, L.p.p.).

Posteriorly, the pumping bulb is continued by a narrow tube (Text-fig. 2, ¢.p.a.) which
opens into the posterior sclerotic tube of the phallotheca at the junction of its anterior and
terminal sections. The distal opening of the tube of the pumping apparatus is guarded by an
outlet valve (0.v.) which only permits an outflow from the tube of the pumping apparatus
into the posterior sclerotic tube. In the posterior region of the pumping apparatus there is
an elongated slit-like opening, leading from the anterior section of the sclerotic tube of the
phallotheca into the tube and posterior portion of the bulb of the pumping apparatus, which
is guarded by an inlet valve (Text-fig. 7, ¢.v.). This valve only allows the inflow from the
former into the latter. Both the inlet and outlet valves are made of an elongated rail-like
bar formed by the complete fusion of the ventral sclerite of the pumping apparatus with the
posterior part of the unbranched limb of the Y-.shaped dorsal sclerite. The rail-like bar rests
on the two shelves (Text-fig. 7, sh.) formed at the junction of the tube of the pumping apparatus
with the anterior section of the sclerotic tube of the phallotheca. A backward sliding of the
bar along the shelves pushes its posterior thin end into the distal opening of the tube of the
pumping apparatus, and thus it acts as an outlet valve. This bar also acts as an inlet valve.
When the pumping apparatus contracts, the upper margins of the rail-like bar press against
the shelves and thus close the inlet aperture completely ; but on the dilatation of the pumping
bulb the inrush of the spermatic fluid from the phallothecal chamber pushes the valve upwards,
and at the same time its backward sliding closes the outlet of the tube of the pumping apparatus.
The dilatation of the pumping bulb is brought about by its dilators to be described later on
(p. 92), and the elasticity of its wall acts antagonistically.

Function of the pumping apparatus.—As regards the function of the pumping apparatus,
it appears to be similar to that of the pompetta of Phlebotomus chinensis described by Patton
and Evans (1929, p. 167), though morphologically the pumping apparatus of the flea differs
a good deal from the pompetta of the sand-fly. Keeping in view its anatomical structure and
the presence of a coagulated fluid containing spermatozoa in the pumping bulb in some of my
longitudinal sections of the copulatory apparatus, I venture a suggestion which is, of course,
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a mere conjecture. Owing to the shortness of the aedeagus, the spermatic fluid is discharged
through the gonopore into the phallothecal chamber, from where the pumping bulb at the
time of its dilatation draws up the spermatic fluid through the slit-like inlet aperture which, as
mentioned above, is provided with a valve that only permits its flow from the phallothecal
chamber into the pumping apparatus and never backwards. At the time of contraction of the
pumping bulb the spermatic fluid, due to closing of the inlet valve, is forcibly pumped out through
the narrow distal opening of its tube into the terminal section of the posterior sclerotic tube
of the phallotheca, where the terminal tubular portion of the lower copulatory rod by its pro-
trusion and juxtaposition with the tubular portion of the spatulate lobe of the upper copulatory
rod is prepared to receive a fine jet of the spermatic fluid, and directs its course at the time of
copulation into the bursa copulatrix of the female. The tubular portion of the lower copulatory
rod is long, and so is the expanded spatulate lobe of the upper copulatory rod. The two
combined form a fairly long tube, so as to get the benefit of the forcible pumping out of the
gpermatic fluid from the tube of the pumping apparatus and to convey it to the bursa copulatrix
of the female. The presence of a closing mechanism in the terminal section of the posterior
sclerotic tube of the phallotheca and lining of the latter and the floor of the pumping apparatus
with soft membranous and elastic cuticle so as to make the phallothecal chamber and pumping
apparatus air-tight, lend strong support to this mode of working.

(3) The Y-shaped dorsal sclerite (Text-figs. 1, 2, 4, 5, 6, y.d.s.; Pl. TI, fig. 3) strengthens
the roof of the phallothecal chamber in the front region of the sclerotic complex. The terminal
portion of the hinder unbranched limb as pointed cut bLefore (p. 90) is fused with the ventral
sclerite of the pumping apparatus so as to form its two valves, and the anterior bifurcated
portion affords points of attachment through the tonofibrillae to the fibres of the two protractors
of the lower copulatory rod (Text-fig. 2, p.l.c.).

(&) The leaf-shaped ventral sclerite (Text-figs. 1, 2, 5, 6, Le.s.; PL 11, fig. 1) is very large,
and strengthens the floor of the phallothecal chamber in the front region of sclerotic complex
and also the second quarter of the phallotheca from the posterior end. Its lateral sides are
turned upwards so as to form a gutter. This sclerite has been termed by Landois (1866, p. 45)
the guiding leaf (‘das Leitungsblatt’). Its short stalk (Text-figs. 1, 2, st.) is highly sclerotized,
and has been named by some workers on fleas, especially Jordan (1926, P1. XX, fig. 66), the
vesicle. It is composed of two highly sclerotized and anteriorly curved plates which are con-
nected with each other by a series of cuticular striations, whose elasticity helps in raising the
ventral sclerite. Dorsally the stalk is depressed and provides a passage (Text-fig. 7, st.) for the
free movements of the copulatory rods.

THE MUSCULATURE.

The musculature of the male genitalia (Text-fiz. 1), especially that of the copulatory
apparatus, is greatly developed, and presents a highly complicated pattern. It is composed of
(A) the extrinsic and (B) the intrinsic muscles, both of which are equally well developed.
The anterior two-thirds of the copulatory apparatus, to a great extent, appears to be a mass
of muscles. The aedeagus proper has no well-defined musculature of its own, but the enlarged
cells of its two layers are mostly eosinophil showing radial striations which act as muscle
fibres and control the dilatation of the aedeagus. The rhythmic contractions often seen near
its base in a freshly dissected out copulatory apparatus are due to them. The gonopods are
non-musculated.

A.—The extrinsic musculature of the male genitalia (Text-fig. 1) is composed of nine
different kinds of muscles which control the movements of the various phallic and periphallic
sclerites and apodemes.

1. The depressor of the second process of the clasper.—Its fibres (d.p.2.) originate from the
dorsal margin of the anterior dorsal apodeme of the ninth abdominal tergum, and are attached
to the lower anterior corner of the second process of the clasper. Their contraction results in
lowering of the process as a whole.

2. The depressor of the third process of the clasper is a short thick conical muscle (d.p.3.),
whose fibres arise from a wide base on the lowest portion of the rim of the pygidium and are
inserted on the lower anterior corner of the third process of the clasper.

3. The depressor of the manubrium.—Its fibres (d.m.) take their origin from the upper
anterior corner of the coxal plate of the ninth abdominal sternum, and run forwards to their
points of insertions on the lower margin of the expanded distal portion of the manubrium.
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4. The levator of the manubrium.—Each manubrium is lifted up by a band of muscle fibres
(I.m.), which arise from a slight tubercle-like projection of the clasper above the articulation«
of the manuhrium with the clasper, and are inserted on the dorsal margin of the expanded distal
portion of the manubrium.

Both the levator and the depressor of the manubrium of each side by their tension keep
the manubrium in a position close to the dorsal side of the tenth sternal apodeme, and this
assists the lower protractors of the copulatory apparatus (I.p.c.) in their action of protrusion
of the copulatory apparatus. ' ,

5, 6. The dilators of the pumping bulb.~—-These are arranged into two different paired
bands of fibres. Each muscle of the first pair springs from the lower margin of the proximal
portion of a manubrium and is inserted on the lateral side of the dorsal sclerite of the pumping
bulb. This is termed here the posterior dilator of the pumping bulb (p.d.p.). Each muscle
of the other pair originates from the dorsolateral side of the posterior portion of the tenth
sternal apodeme, internal to the lower protractor of the copulatory apparatus of the side, and
its fibres converge to their insertions on the dorsal sclerite of the pumping bulb in front of the
former muscle. It is named the anterior dilator of the pumping bulb (a.d.p.). The contraction
of these muscles brings about the dilatation of the pumping bulb.

7, 8. The protractors of the copulatory apparatus.—They are also arranged into two paired
sets of fibres. Each muscie of the first pair arises from the upper basal corner of the manubrium
of the side, and its few fibres extend far forwards to their insertions on the dorsal side of the
front portion of the tenth stcrnal apodeme. It is designated here the upper protractor of the
eopulatory apparatus (u.p.c.). Kach muscle of the second pair is composed of a large number
of fibres emanating from the front margin of the expanded distal end of the manubrium of
the side, and spread fanwise to their insertions on almost whole of the dorsal and latcral sides
of the tenth sternal apodeme. It is termed the lower protractor of the copulatory apparatus
(I.p.c.). The contraction of both these sets of muscle fibres results in the protrusion of the
copulatory apparatus from the abdomen,

9. The retractor of the ninth sternite is a band of a few short fibres (r.s.9.), extending from
the lower anterior end of the ninth abdominal sternite to the proximal portion of the anterior
apodeme of the pons coxalis. Tt effects the withdrawal of the ninth sternite and its apodeme.

B.—The intrinsic musculature of the copulatory apparatus consists of seven different kinds
of muscles, and they can readily be differentiated into (z) the dorsoventral muscles and (b) the
longitudinal muscles.

(a) The dorsoventral muscles (Text-fig. 1) are only of two kinds, the external and the
internal. They act as compressors of the phallothecal chamber, and assist indirectly in the
protraction of the phallic organs, especially the copulatory rods. The expansion and con-
traction of the anterior two-thirds of a freshly dissected out copulatory apparatus are mainly
due to these muscles. Their origins and insertions have wrongly been given by Landois (1866,
p- 48).

1. The external dorsoventral muscles are arranged into two broad sheets of numerous
fibres (e.dv.), arising from the apodeme of the pons coxalis and extending up to the lower margins
_ of the tenth sternal apodeme. The fibres on each side form a continuous sheet, starting from

the junction of the lateral ridge of the tenth sternal apodeme with its forked limbs and near
the basal end of the apodeme of the pons coxalis to the anterior ends of both of these apodemes.
They take a slightly oblique course running backwards and tupwards. By their contraction,
they draw both the apodemes closer and thus compress indirectly the phallothecal chamber.
They have wrongly been named by Landois ‘Musculus retractor penis inferior’.

2. The internal dorsoventral muscles.—They are composed of two sheets of a comparatively
few but powerful muscle fibres (i.dv.), connecting the margins of the anterior greater portion
of the leaf-shaped ventral sclerite of the phallotheca with the lateral ridges of the tenth sternal
apodeme. Their fibres also run obliquely, but take an upward and forward course. They
act as direct compressors of the phallothecal chamber, since their contraction approximates
the leaf-shaped ventral sclerite and the tenth sternal apodeme. They are probably the muscles
designated by Landois ‘M. retractor superior’. .

) (b) The longitudinal muscles (Text-fig. 2) are of different kinds. They serve as depressors,
protractors and extensors of the different apodemes and sclerites of the copulatory apparatus.

1. The depressors of the tenth sternal apodeme.—They are two powerful muscles (d.x.a.).
The fibres of each muscle radiate from the junction of the lateral ridge of the tenth sternal
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apodeme with its fork, and spread to their insertions on the inner surface of the tenth sternal
apodeme externally to its median ridge.

2. The protractors of the lower copulatory rod.—They are two very long muscles (p.l.c.).
The fibres of each muscle originate from an anterior limb of the Y-shaped dorsal sclerite of the
phallotheca. At first they run forwards and then upwards and forwards to be inserted on the
anterior portion of the lower copulatory rod. Both these muscles run externally to the basal
portion of the phallotheca. Their function of protraction of the lower copulatory rod is intensified
by the depression of the tenth sternal apodeme. They were termed by Landois (1866, p. 48)
‘M. erector penis’.

3. The depressors of the leaf-shaped ventral sclerite.—They are also two in number. The
fibres of each muscle (d.v.s.) originate from a tendon emanating from the lower anterior corner
of the stalk of the leaf-shaped ventral sclerite of the phallotheca and are inserted on the lower
surface of the sclerite, which serve to pull it downwards. Evidently, these muscles act directly
antagonistic to the internal dorsoventral muscles and help to dilate the phallothecal chamber.

4. The extensor of the upper copulatory rod.—It is a fairly well-developed muscle (e.u.c.),
whose fibres arise from the junction of the anterior third with the middle third of the lower
copulatory rod and run upwards to be inserted on the expanded anterior end of the upper
copulatory rod. This muscle drags the upper copulatory rod along with the lower one, when
the latter is protracted.

5. The extensor of the lower copulatory rod.—It is a very weak muscle (e.l.c.), whose few
fibres spring from the flank of the lower copulatory rod and are inserted on its anterior end.

Both the extensors prevent the unnecessary bending of the anterior one-third of the
copulatory rods, which is likely to happen due to the contraction of the protractors of the lower
copulatory rod. Thus they assist the protractors indirectly in their function of protraction of
the copulatory rods.

Due to the elasticity of the various sclerites and apodemes, the copulatory apparatus is
withdrawn into the abdomen. The protraction of the copulatory apparatus, however, is
brought about initially by the contraction of its protractor muscles and a general compression
of the abdomen, and finally the contraction of the intrinsic dorsoventral museles, the pro-
tractors of the lower copulatory rod and extensors of the two copulatory rods, results in
protrusion of the copulatory rods.

SuMMARY.

A brief summary of previous work done on the male genitalia of fleas is given. The anatomy and
homologies of the external male genitalia of C. felis orientis are revised in the light of our existing knowledge
of the insect male genitalia.

The abdomen of the adult male flea consists of ten segments, and the last one may contain elements of
the eleventh segment. The complicated structure forming the so-called ‘penis’ is the copulatory apparatus,
as it includes the harpagones in addition to the intromittent organs. It is composed of the periphallic and
phallic organs.

On account of the extension of the copulatory apparatus far into the abdomen and far beyond the level
of the anus posteriorly, both the ninth and tenth abdominal sterna are deeply inflected. Consequently, each
of them is differentiated into a genital portion associated with the copulatory apparatus, and an anal portion
in the case of the tenth sternum and a somatic portion in the ninth sternum. The V-shaped vertical portion
of the so-called ‘boomerang-shaped’ sternumn is the ninth abdominal sternite, and the horizontal arm is its
apodeme, The genital portion of the ninth sternum is & coxosternite, consisting of the posterior portion of
the ninth sternum, coxal plates and harpagones forming the gonopods, and an elongated rod-like apodeme
of the pons coxalis. The biggest sclerite of the copulatory apparatus is composed of the genital portion of
the tenth sternum and its greatly enlarged apodeme.

The phallic organs consist of a short median aedeagus, two elongated copulatory rods, possibly representing
the parameres, and & phallotheca, The phallotheca is a permanent irreversible tubular sheath, which com-
pletely invests the aedeagus and the copulatory rods. Its posterior narrow portion is strongly sclerotized
snd forms a sclerotic complex, consisting of the posterior sclerotic tube, the pumping apparatus, the ¥Y-shaped
dorsal sclerite and the leaf-shaped ventral sclerite. . As the sedeagus, being short, cannot protrude through
the external opening of the phallotheca and thus cannot act as an intromittent organ, the spermatic fluid
discharged into the phallothecal chamber is drawn up by the pumping bulb on its diletation through an
elongated aperture guarded by an inlet valve; but on the contraction of the pumping bulb, the spermatic
fluid is pumped out from the distal opening of the tube of the pumping apparatus in & powerful jet which is
1(‘11!‘(9c‘ce>d by the copulatory rods which act as the real organs of intromission into the bursa copulatrix of the
emale. .

_ The male genitalia, especially the copulatory apparatus, is highly musculated and a detailed account of
its musculature is given.
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KeY 10 LETTERING OF TEXT-FIGURES.

a.d.p. .. anterior dilator of the pumping bulb.
ae. .. 8aedeagus.

a.l. .. apodemal invagination.

an. .. anus.

a.p.c. .. apodeme of the pons coxalis.

a.s.p. .. anterior section of the posterior sclerotic tube.
.8, .. anal portion of the tenth sternum.

b.e. .. bulbus ejaculatorius.

cl. .. clasper.

c.m. .. closing mechanism.

c.p. .. coxal plate.

d.a.9. .. dorsal apodeme of the ninth tergum.
d.m. .. depressor of the manubrium.

d.p.2. .. depressor of the second process.

d.p.3. .. depressor of the third process.

d.s. .. dorsal sclerite of the pumping bulb.
d.wv.s. .. depressor of the leaf-shaped ventral sclerite,
d.z.a. .. depressor of the tenth sternal apodeme.
ect. .. ectophallus.

e.dv. .. external dorsoventral muscle.

el.c. .. extensor of the Jower copulatory rod.
e.0.p. .. external opening of the phallotheca.
e.u.c. .. extensor of the upper copulatory rod.
g.c. .. genital chamber.

gp. .. gomopore.

g.s.9. .. genital portion of the ninth sternum.
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Fie. 1.—Side view of the sclerotized and cuticular parts of the male copulatory apparatus of C. felis orientis,
X about 187. (For explanation of its various parts, sec Text-figs. 1, 2.

Fie. 2. —Side view of the upper and lower copulatory rods of C. felis orientis. x about 230

Fre. 3.—Ventral view of the Y -shaped dorsal sclerite of the phallotheca along with the adjoining fused portion
of the wventral sclerite of the pumping apparatus of C. felis orientis, showing the tonofibrillae
and neighbouring intima furnished with cuticular hairy processes, x about 350.



g.2.8.

h.d.p.

h.s.
ha.
i.dv.
2.0,
7.8,
7.0,
lLa.
le.r.

L.p.c.
l.p.p.
l.r.
{v.s.

m.r.,

m.s.9.
m.S.2.

o.l.
o.v.
p.2
.3
p.a.9
p.b.
p.c.

p.d.p.

p.ed.
phb.
ph.c.
pht.
p.l.c.

po.a.

PY-
7.8.
r.8.9.
8.8
8.9.
s.c.

5.8.9.
st.
st.9.
sau.r.
8.2,
t.9
t.p.a.
t.8.p.
l.x.
U.C.7.
w.e.d.

u.p.c.

v.8.0.
v.8.p.
z.8.a.

y.d.s.

CAT-FLEA, CTENOCEPHALIDES FELIS SUBSP, ORIEN1I1S (JORDAN) .

gonotreme.

genital portion of the tenth sternum.
hook-like dorsal process.

harpagone.

hammer-shaped sclerite.

horseshoe-shaped sclerotic thickening.
internal dorsoventral muscle.

inner limb of the fork of the lateral ridge.
intersegmental membrane.

indented sclerite of the pumping bulb,

inlet valve of the pumping apparatus.

lateral arm of the ¥ -shaped sclerotic thickening.
lower copulatory rod.

levator of the manubrium.

lower protractor of the copulatory apparatus.
lateral process of the posterior sclerotic tube.
lateral ridge.

leaf-shaped ventral sclerite.

manubrium.

median ridge.

membranous portion of the ninth sternum.
membranous portion of the tenth sternum.
outer limb of the fork of the lateral ridge.
outlet valve of the pumping apparatus.
second process of the clasper.

third process of the clasper.

posterior apodeme of the ninth sternite.
pumping bulb.

pons coxalis.

posterior dilator of the pumping bulb.

paired ejaculatory ducts.

phallobase.

phallothecal chamber.

phallotheca.

protractor of the lower copulatory rod.
posterior ventral extension of the tenth sternal apodeme.
pygidium.

ridge of the ninth sternite.

retractor of the ninth sternite.

eighth sternum.

ninth sternum.

sclerite connecting the coxal plate with the manubrium.
shelf for supporting the valve.

somatic portion of the ninth sternum.

stalk of the leaf-shaped ventral sclerite.
ninth sternite.

spatulate lobe of the upper copulatory rod.
tenth sternum.

ninth tergum.

tube of the pumping apparatus.

terminal section of the posterior sclerotie tube.
tenth tergum.

upper copulatory rod.

unpaired ejaculatory duct.

upper protractor of the copulatory apparatus.
ventral sclerite of the aedeagus.

ventral sclerite of the pumping apparatus.
tenth sternal apodeme.

Y-shaped dorsal sclerite of the phallotheca.
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