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I—INTRODUCTION

Although a very extensive literature, covering a period of many years, exists on the
anatomy of the flea larva, most of it deals only with the external anatomy. Previous
studies on the internal anatomy are few and scarcely sufficiently detailed to throw
any light on the affinities of the order Siphonaptera. It was therefore considered
desirable that the whole question of the internal anatomy of the flea larva should be
revised in the light of our existing knowledge of insect morphology. Consequently,
a detailed study of the internal anatomy of the larva of Nosopsyllus fasciatus (Bosc)
was undertaken to elucidate the various anomalies in the internal anatomy of
the flea larva, and, if possible, to throw some light on the systematic position of the
group. In order to complete the account of certain systems, a partial account of
the prepupal stage has been included so as to facilitate the proper understanding
of the pupa, an account of which is to follow.

The figures illustrating this paper are all camera-lucida drawings and have been
finished by me in ink. In my description I have used the same terminology as is
used by SNopcRrass (1935) in his recent book. The specific names of fleas given in
this account are corrected up to date by following the nomenclature adopted by
Jorpan (1933) and WaceNERr (1930).

My warmest thanks are due to Professor D. KEeiLin for the suggestion of the
problem, for guidance, and for the friendly advice and criticism which he has from
time to time given to me during the prosecution of the work. It is a pleasure indeed
to record my gratitude to Dr. A. D. Imms, Dr. W. H. TuoreE, and Dr. V. B.
WiceLEsworTH for timely help which they gave me unsparingly. I am grateful
to Miss M. RoruscHiLp for allowing me the use of her card catalogue of fleas. Dr.
P. Tate has kindly read through and revised my manuscript and made several
valuable suggestions, for which I am indebted to him. Finally I must not forget to
acknowledge my indebtedness to Professor G. H. F. Nurtarr, Mr. C. WARBURTON,
Miss Mary VincenT, Dr. ANN Bismor, and Mr. A. W, R. RoBerts for occasional
help.

II—MATERIAL AND TECHNIQUE

An extremely flourishing culture of N. fasciatus was maintained in the laboratory
by adopting methods described by Leeson (1932, p. 25). The original supply of
this species was given to me by Professor P. A. BuxToN of the London School of
Hygiene and Tropical Medicine, to whom I acknowledge my indebtedness.

For the examination of the chitinous parts and the gross internal anatomy, the
larvae were mounted in gum arabic (De Faure’s fluid). Living material was
examined in normal salt solution. For the study of the musculature, preparations
mounted in Gilson’s euparal proved very useful. Staining of chitinous parts with
Ziehl’s carbol-fuchsin gave very satisfactory results. Permanent preparations of
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minute parts were made by following methods described by MincuIN (1915, p. 444).
These were stained either in .Grenacher’s borax-carmine or Mayer’s haemalum.
In making dissections of minute parts the preparations were lightly stained with
Mayer’s haemalum ; in this way the finer organs could be followed along their
course, as some structures stain deeply while fat bodies do not stain.

The technique developed for sectioning was such as to give good histological
detail. - Considerable difficulty was experienced in the suitable fixing of the material.
The earlier results were often far from satisfactory, in spite of great variation in
fixing methods. Material intended for sectioning was fixed either in freshly prepared
fixative of Duboscq-Brasil (alcoholic Bouin) or in freshly prepared Carnoy and
Lebrun’s fluid. The fixative penetrated with great difficulty into the objects. The
entire larva was thrown into the fixative heated to 40° C., and, after a short time, it
was cut into two pieces in the fixative. Then the object still in the fixative was trans-
ferred to a small tube which was placed in a bottle from which the air was exhausted
by using the water vacuum pump for about two minutes. In the case of alcoholic
‘Bouin, the tissue was left in it for about twenty-four hours at a temperature of 37° C.
In this way fairly good results were obtained.

For staining I have used Mayer’s haemalum, Delafield’s haematoxylin, and
Heidenhain’s iron haematoxylin. These were counterstained mostly with eosin
and in a few cases with orange G.

TII—HisTORICAL

Amongst the earliest workers to whom we owe our knowledge of the external
anatomy and habits of the flea larva, the names of LEEWENHOECK (1683), CESTONE
(16899), Varrisner: (1733), Rosen " Von Rosexsor (1749), De Geer (1778),
Derrance (1824), Westwoop (1848), BonneT (1867), BLancHARD (1868), and
TascHENBERG (1880) deserve to be mentioned.. LaBouLBENE (1872) gave a brief

‘illustrated account of the external and internal anatomy of the larva of
Ctenocephalides felis (Bouché) and described and figured its mouth parts and
tracheal system. KunNckeL (1873) published a historical review of work done on
the flea larva up to his time and described the larvae of C. feluss and N. fasciatus.
Packarp (1894) described the structure of both newly hatched and fully grown
larvae of Ctenocephalides canis (Curtis).

Heymons (1899, p. 231) gives a short account of the transformation of the mouth-
parts of Ceratophyllus gallinae (Schrank), and his researches have greatly helped to
elucidate the homologies of the mouth-parts of the adult flea. Lass (1905, p. 82)
incidentally described the internal anatomy ofthe larva of C. canis, although he mainly
devoted his attention to the anatomical and histological structure and the post-
embryonic development of the female reproductive organs.

Harwms (1912) describes in detail the digestive system of the larva of C. canis.  To
Oubemans (1913) we owe an exhaustive account of the external anatomy of the
larvae of Hystrichopsylla talpae (Curtis) and Spalacopsylla bisbidentatus (Kolenatij. ~He

302
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describes only nine pairs of spiracles, and it appears that he examined only the first-
and second-stage larvae in which the second thoracic spiracles are closed. PATTON
and Craca (1913, p. 459) give a short illustrated account of the internal anatomy
of the larva of C. felis. Bacor and RipEwoop (1914) dealt with the external
anatomy of the larvae of a number of species and were of the opinion that the
structure of the mandible is of value in identifying different species and genera.
MincHIN (1915, p. 451) described the salivary glands of the larva of N. fasciatus.
STRINDBERG (1917, p. 258) gives a brief account of the embryology of Archacopsylla
ertnacet (Bouché) and is of the opinion that Siphonaptera, on the basis of his embryo-
logical studies, cannot be considered as having close relationship with Diptera.

For the most of what is known to us at present about the internal anatomy of flea
larva, we are indebted to the work of PerriLjew (1926). In his work he has
acquainted us with the mouth parts, the digestive system, the salivary glands, the
nervous system, and the reproductive organs of the larva of Leptopsylla pectiniceps
(Wagner).*

Henperson (1928, p. 115) describes the external characters of the larva of
Xenopsylla cheopis (Rothschild). WEBSTER (1929, p. 90) has found that the larvae of
X. cheopis, X. astia (Rothschild), and X. brasiliensis (Baker) are indistinguishable on
anatomical grounds. To Sikes (1930) we owe a correct and detailed account of
the external anatomy of the larva of Orchopeas wickhami (Baker) and a short com-
parative account of the larvae of V. fasciatus, X. cheopis, and X. astia. Hicks (1930,
p. 575) gives an account of the early stages of Tunga penetrans (Linnaeus).

Wacner (1935) has recently described the changes in the mesenteron and the
regeneration of the epithelium in Pulex irritans Linnaeus during the metamorphosis.

IV—Tue Heap

The head of the flea larva is of the prognathous type and is highly specialized.
It is of yellowish-brown colour, and has a thicker chitinous covering than the rest of
the body. Itis elongate-oval in outline and its posterior margin is sharply truncated.
The various sclerites of the cranium are completely fused together to form a compact
head capsule, and there are no distinctly defined epicranial plates, frons, or clypeus.
The labrum (figs. 10, 12, 58, Ir.) is distinct and articulates with the cranium by a
flexible membrane. The head capsule is strongly convex on the dorsal side and
flattened on the ventral side. There are two rows of bristles on the head. The
anterior row lies behind the level of the antennae and contains six bristles (two dorsal,
two lateral, and two ventral in position, the last pair being the longest). The
posterior row, which is close to the posterior margin, contains eight bristles (four
dorsal, two lateral, and two ventral in position, the last two being the smallest). The

* T possess a reprint of PERFILJEW’s paper in which the author himself has changed this specific
natne to Leptopsylla paviovskii (Ioff) in his own handwriting; consequently it should be taken for granted
that PErFILJEW described the larva of Pectinoctenus pavlovskii (Ioff), not that of P. pectiniceps (Wagner),
but in my description I shall adhere to the printed name so as to avoid ambiguity.
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head also bears three fine hairs around the base of each antenna (one posterior, one
anterior, and one dorsal to the antenna). The * circular translucent areas’
described by Sikes (1930, p. 247) are really sensilla campaniformia (fig. 14, s.ca.),
which are sparsely scattered all over the head. On the ventral side there is a
transverse area of weakened chitin behind the articulations of the maxillae and the
prelabium with the cranium giving the appearance of a joint. Thereis also a narrow,
longitudinal, ill-defined area of weakened chitin in the mid-ventral line from the
base of the prelabium to the posterior margin of the head capsule.

The postoccipital ridge (fig. 11, p.r.) is well developed and it lies in the extreme
posterior part of the cranium where it surrounds the occipital foramen dorsally and
laterally. It gradually increases in size towards its lower ends where the posterior
tentorial pits are situated. The extreme posterior position of the posterior tentorial
pits, viz., near the margin of the occipital foramen, indicates that the longitudinal
weakened area of the chitin in the mid-ventral line of the cranium referred to above
is the postlabium and that the gula does not exist in the head capsule of the flea
larva. .

The subgenal area (fig. 6)—Immediately behind the points of articulation of the
mandible and the maxilla of each side with the cranium there is a sclerite which I
propose to call the subgenal area, though there is no subgenal suture defining it.
This sclerite gradually becomes thinner on the dorsal side in front of the antenna
of the side. Its thin dorsal extension in front of the antenna represents the epistomal
ridge which (Snopcrass, 1935, p. 111) defines the posterior limit of the clypeus.
In the flea larva the latter is not well defined. The lower greater portion of the
subgenal area, which runs behind the articulation of the maxilla with the cranium,
is the hypostoma (4y.) and becomes thinner gradually along the antero-lateral side
of the postlabium. Its upper portion—the pleurostoma (p.)—gives off two anteriorly
directed processes enclosing a cup-shaped cavity. These two processes provide
points of articulation for the mandible.

The tentorium (fig. 1) consists of the anterior and the posterior tentorial arms and
a tentorial bridge (¢.4.). Each anterior tentorial arm (a.t.a.) tapers gradually
towards the anterior side into a thin cord of chitin and then again becomes thick
and strongly sclerotized near the anterior tentorial pit. The latter is located midway
between the anterior margin of the mound of the antenna and the point of
articulation of the mandible of the side. The posterior tentorial arms (p.t.a.) are
more strongly developed than the anterior ones. They take their origin from the
posterior tentorial pits at the ventral ends of the postoccipital ridge. The tentorial
bridge is a highly sclerotized transverse bar and lies in a notch in the antero-dorsal
surface of the suboesophageal ganglion (figs. 9, 16, £..). No previous worker has
described the presence of the real tentorium in the flea larva, and Sixes (1930, p. 249)
has wrongly called the maxillary apodeme the tentorium.
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Fics. 1-8.—Fig. 1—The tentorium. X 436. Fig. 2—The right antenna. x 393. Fig. 3—The
labrum, dorsal view. X 475. Fig. 4—The labrum, ventral view. X 475. Fig. 5—The left
mandible articulating with the pleurostoma, dorsal view. X 652. Fig. 6—The left mandible
with the subgenal area, ventral view. X 679. Fig. 7—The right maxilla, dorsal view. X 410.
Fig. 8—The left maxilla and the prelabium, ventral view. X 450.
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V—THE HEAD APPENDAGES

The antenna (fig. 2) consists of an elongated shaft (s.) placed on a dome-shaped
membranous mound (b.s.). The upper side in the middle of the mound is
strengthened by a semicircular sclerite (sc.), and on its lower side there are six
chitinous sensory cones (sensilla basiconica) arranged in a semicircular row ; three
of them are large and alternate with the three smaller ones. The shaft is a long,
narrow cylinder showing a pseudo-joint, which is absent in the antennae of the
first- and second-stage larvae, and thus appears to be composed of two indistinctly
separated segments. The distal half of the second false segment gradually narrows
towards its free end, and the latter is surrounded by four small sensory cones with a
seta projecting from its centre. There is an elongated pit on the posterior side of the
distal segment of the shaft. It leads into a pear-shaped pit. There is another small
pear-shaped pit close to it. These are the sensory pits or sensoria (s.p.). The
proximal dome-shaped mound may be considered as the basal segment of the
antenna, as the muscles of the antenna are not attached to the shaft, but to the base
of the mound (fig. 58), which thus corresponds to the scape of other insects.

According to LaBourBine (1872, p. 268), KinckeL (1873, p. 137), PACKARD
(1894, p. 318), and Lass (1905, p. 83), the antenna is three-segmented, and they
considered the terminal seta as the third segment comparable to the style of Diptera.
Subsequent authors have always considered the antenna as single-segmented, ignoring,
of course, the basal dome-shaped structure. In my opinion the antenna is distinctly
two-segmented without taking into consideration the pseudo-joint of the shaft.

Morphologically the mouth-parts are of the biting and the grasping type, and
they consist of a labrum, a pair. of mandibles, a pair of maxillae, and a completely
fused labium. A peculiar feature is a close association of the maxillae, the labium,
and the hypopharynx to form  an under-lip complex, in which the prementum
and the hypopharynx are combined to form the salivarium. '

The labrum (figs. 3, 4, 10, 12, 58, Ir.) is sub-semicircular in outline and hangs
transversely in front of the mouth and forms the anterior wall of the intergnathal
preoral cavity. Its proximal margin is strengthened by a crescentic sclerite (fig. 3,
sc.).  On its upper surface it has a long hair and a short hair on each side of the
median line shortly in front of the sclerite, a pair of spine-like hairs in front of them,
and a pair of spinules near the free margin. There are also about four pairs
of sensilla campaniformia. The lower surface has wrongly been designated the
epipharynx (Sikes, 1930, p. 247). The true epipharynx of insects, as pointed out
by Snobcrass (1935, p. 113), is a median lobe of the epipharyngeal wall of the
labrum, which is absent in the flea larva. The proximal greater half of its epipharyn-
geal surface is provided with a median ridge (fig. 4, m.r.), which is continuous with
that of the buccal cavity. The front end of this median ridge is provided with a
pair of sensory spinules. The sensory hairs belonging to the central group are
arranged on and around the median ridge. They are directed downwards and
forwards. The sensory hairs belonging to the lateral groups are arranged on the
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proximal sloping sides of the epipharyngeal surface. They are longer than those
of the central group and are directed inwards and downwards.

The mandibles (figs. 5, 6, md.)—Each mandible is roughly triangular in shape with
its apex, which is directed forwards, slightly bent inwards to form the terminal
tooth. Its length varies from 0-075 to 0-086 mm. The outer margin is con-
siderably thickened and the inner margin is extremely thin. The base of the
triangle provides two points of articulation with the head capsule. The external
side arches over the dorsal surface, so as to enclose a depression on the inner side.
The anterior lessser half of this arched portion of the outer margin is provided with
six teeth which gradually decrease in size from the anterior to the posterior end.
The most common number of teeth of the mandible, according to my observation, is
seven including the terminal one, although a very few specimens have only six teeth.
Bacot and Ripewoop (1914, p. 166) give eight as the usual number for this species.
The shape of the mandible depends upon the position in which it is examined.
Fig. 5 represents the normal position of the mandible when at rest. The teeth are
always directed mesially upwards. Usually one comes across a condition such as is
shown in fig. 6 where the teeth appear to be attached to the external side of the
mandible, which is brought about by the rotation of the mandible through an angle
of 90°. Bacot and RibEwooDb’s drawings of the mandibles and those of PERFILJEW
(1926, p. 104) and other previous workers are sketched in this abnormal position.

Each mandible, as in other pterygote insects, articulates with the pleurostomal
margin of the cranium by well-developed anterior and posterior articulations. The
anterior articulation (a.a.) is formed by a condyle on the upper process of the
pleurostoma (p.) being received into a socket on the base of the mandible. = The
posterior articulation (p.a.) consists of a socket on the lower process of the pleuro-
stoma receiving a condyle from the base of the mandible. The abductor apodeme
(ab.a.) is inserted on the external basal angle of the mandible very close to the
posterior articulation. The adductor apodeme (ad.a.) is inserted near the inner
basal angle in a notch.

The maxillae (figs. 7, 8)—FEach maxilla consists of three completely differentiated
parts and a palp. The cardo (¢.) is broadly articulated with the head capsule and
bears two bristles on its lower surface. It is separated from the stipes (st.) by a
groove on the external side which extends to its dorsal side. The posterior margin
of the stipes is strengthened on the ventral side by a transverse sclerite (sc.), which
runs anteriorly on the dorsal side to differentiate a small lobe-like structure, the
palpifer (pf.), which is not clearly demarcated on the ventral side. The stipes has
a single bristle on its ventral surface. Both the cardo and the stipes are strengthened
by a thick sclerite (sc.) on their inner border, from which a lateral process runs
along the ventral half of the posterior margin of the cardo. From SikEes’s description
and diagram (1930, p. 254) of the larva of this species, it appears that she has mistaken
the cardo for the stipes and called the latter the palpifer. The proximal segment
of the palp is broader than the distal one, and bears a single bristle. The distal
segment is narrow and short, and has five short sensory pegs arranged in a circular
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row near its apex. The mala (m.) is represented by an oval plate bearing two sensory
pegs on the ventral surface near the posterior margin, and two on the dorsal surface
near the anterior margin.

I cannot agree with Sikes (1930, p. 248) in regarding the oval plate as the galea,
because there is no trace of lacinia and the part she called lacinia is the part of the
stipes covered with hairs. There is no lobe on the inner and dorsal sides of the stipes
as she considers. The hairy surface of the stipes extends almost to its base. It is
difficult to imagine that the lacinia may extend right up to the base of the stipes
and that the galea may be only confined to its anterior terminal end. I agree with
Oubpemans (1913, p. 246) and Heymons (1899, p. 231) in regarding this lobe-like
structure as the mala, although, unfortunately, the complete absence of musculature of
both the galea and lacinia makes it impossible to come to any definite conclusion.
The stipes is covered on the upper and inner surfaces with fine hairs of different
lengths which are arranged in longitudinal rows. These are directed forwards
and inwards. These hairs were wrongly considered by Ktncker (1873, p. 138) as
“ tranchant dentelé ”.

In cross-section the maxilla (fig. 13, mx.) is roughly a four-sided structure. The
outer side is convex, the ventral side is straight, and the inner side, which is also
straight, is strengthened by a sclerite gradually increasing in breadth towards the
posterior end. The dorsal side is concave with its concavity becoming deeper and
broader from the anterior to the posterior end.

A strongly developed strand-like apodeme (figs. 7, 8, m.a.) is attached to the
inner surface of the proximal portion of the cardo. Proximally it is hollow (fig. 14,
m.a.), showing that it is formed by an invagination. It gives support to the main
muscles of the maxilla. PeRrFILJEW’S statement (1926, p. 106),  Die Chitinstrange
nehmen am Lobus internus ihren Anfang *°, is based on the wrong interpretation of
facts. It appears that he thought the internal sclerite of the cardo and stipes and
the maxillary apodeme one continuous structure. Hicks (1930, p. 582) has wrongly
called the maxillary apodeme the stipes.

The labium (figs. 8, 9) lies between the maxillae. On account of the position of
the single-segmented labial palps (l.p.) and the position of the labial suture, it
appears that the portion called the labium by Sixes (1930, p. 249) and others is
really the prelabium and that the postlabium, as mentioned before, has become
completely fused with the ventral wall of the cranium. The cone-shaped portion
in front of the labial palps is the true ligula (/.) and the portion behind them is the
prementum (pm.). The single-segmented palp is nearly as broad as long and bears
two blunt lobe-like sensory processes, which are lateral in position, and two long
sensory bristles which are anterior and posterior in position. The ligula tapers
gradually towards its anterior end and is provided with two sensory hairs near its
distal end, which is bent downwards.

The sensory hairs of the ligula and the labial palps are supplied by bundles of
sensory fibres coming from a group of sensory cells within the prementum. Thus
the labial palps, which were considered by LasouLsine (1872, pp. 268, 269),
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BonneT (1867), and Lass (1905, p. 82) to be organs of locomotion, are purely
sensory in function and have little to do with locomotion.

The hypopharynx (figs. 9, 18, h.) is a small cone-shaped structure which is located
between the mouth and the prementum in the preoral cavity, and forms the dorsal
wall of the salivarium (sa.). The external opening of the salivarium is strengthened
on the ventral and lateral sides by a crescent-shaped chitinous thickening whose
upper free ends are still more thickened to form lobe-like structures on either side of
the hypopharynx (fig. 18, A.). These have been wrongly designated by SIKEs
(1930, p. 249) the superlinguae, which are absent in the flea larva. PerRrILJEW
(1926, pp. 105, 106) has wrongly described the ligula as the hypopharynx. HEey-
MONs (1899, p. 231) emphatically denies the presence of a hypopharynx in the larva
of C. gallinae.

Function of the mouth parts—According to BacoT and RibEwooDp (1914 p. 165), the
mandibles are adapted for biting and nibbling. Hrymons (1899, p. 231) considers
the mouth parts to be of the chewing type but not of the biting type. As most of
the teeth on the mandible are directed dorsal-wards and forwards, and cannot meet
those on the opposite mandible, owing to the greater portion of the mandible lying
between the teeth and its inner edge, it is difficult to imagine how they can crush
the food. For this reason alone I cannot agree with Sikes (1930, p. 248) that the
mandibles can break up the food into  small palatable particles ”. I agree with
PerFILJEW (1926, p. 105), who is of the opinion that they play the role of rasping
and scrubbing the food, and then pushing it into the mouth. In these actions they
are assisted by the hairs on the inner side of the maxillae and the labrum. I agree
with SIkEs in that the mandibles assist in locomotion by grasping with the terminal
teeth the surface upon which the larva crawls.

VI—TuE MUSCULATURE OF THE HEAD APPENDAGES

A peculiar feature of the head of the flea larva is that certain muscles of the
cephalic appendages, which in most other insects usually take their origin on the
tentorium, arise in the flea larva, owing to the poor development of the tentorium,
either on the postocmpltal ridge or on the lateral arms of the sclerite of the anterior
pharynx. :

The antennary muscles (figs. 14, 15, 58)—Fach antenna is moved by three muscles.
Two of them have their origins on the lateral arm of the sclerite of the anterior
pharynx (a.p.). One of them is inserted in the middle of the lower margin of the
basal segment and moves the antenna downwards. It is therefore called the de-
pressor of the antenna (d.a.). The other is inserted in the middle of its anterior
margin and moves the antenna forwards. This is named the flexor of the antenna
(f.a.). The third muscle, which takes its origin from the anterior arm of the
tentorium close to the tentorial bridge and has its insertion in the middle of its
posterior margin, moves the antenna backwards and therefore itis called the levator
of the antenna (l.a.).



THE INTERNAL ANATOMY OF THE LARVA OF THE RAT-FLEA 475

Fics. 9-11.—Fig. 9—Lateral sagittal section of the head and thorax of a third-stage larva. X 170.
Fig. 10—Abductor muscles of the right mandible seen through the wall of the head capsule.
X 234. Fig. 11—Inner view of the posterior portion of the left side of the head capsule show-
ing adductor muscles of the left mandible. x 278.

3 P 2



476 M. SHARIF

The musculature of the labrum consists of muscles located within the labrum
itself, and cranial muscles inserted on its base. The latter run between the dorsal
dilators of the anterior pharynx.

The compressors of the labrum (fig. 9, ¢.l.) are two pairs of muscles running from
either side of the median line immediately in front of the sclerite of the labrum, to be
inserted on either side of the anterior end of the median ridge on the epipharyngeal

~wall.

The anterior labral muscles (figs. 9, 13, 14, 15, a.l.) are a pair of long muscles which
arise from the middle of the roof of the cranium a little in front of the brain, in the
region representing the frons, and are inserted close to each side of the middle of the
posterior upper margin of the labrum. Their contraction raises the labrum as
there is a thin articulating membrane separating the labrum from the cranium.

The posterior labral muscles (figs. 9, 13, 14, 15, p.l.) consist of a pair of muscles which
take their origin from the roof of the cranium external to the origins of the anterior
labral muscles and run downwards and forwards to the middle of the posterior
margin of the epipharyngeal wall where it passes into the roof of the buccal cavity.
Their contraction brings about the lowering of the labrum. The opposing action
of these muscles to that of the anterior labral muscles is due to their more downward
course and lack of any flexible articulating membrane behind the posterior margin
of the epipharyngeal wall. It is probably these muscles which have wrongly been
called the musculus protractor cavitatis oris by Harms (1912, p. 184).

The musculature of the mandible has been wrongly described by Sikes (1930,
p. 248), and it appears that she noticed only some of the fibres of the complex
musculature of the mandible. Both the abductor and the adductor muscle fibres
spread out posteriorly like a fan and are attached anteriorly to chitinous apodemes
which are broad and dorso-ventrally compressed strands of the chitin.

The abductor muscles of the mandible (figs. 10, 14, 15, 16, ab.) form a group of six
distinct fibres which are arranged in an upper, a posterior, and a lower set of fibres.
The two fibres of the upper set take their origin from the dorso-lateral portion of the
roof of the posterior part of the cranium. The posterior set has two fibres which
are the longest, and which take their origin from the lateral portion of the post-
occipital ridge. The remaining two fibres belonging to the lower set take their
origin from the ventro-lateral portion of the cranium. '

The adductor muscles of the mandible (figs. 11, 14, 15, 16, ad.), like the abductor muscles,
are arranged into three sets, but of five distinct fibres ; the lower set has only a single
powerful fibre, representing two fused fibres, which takes its origin from the lateral
and the hinder portions of the floor of the cranium near the posterior tentorial pit.

The musculature of the maxilla (figs. 12, 13, 14, 15, 16) is highly specialized, and
it is difficult to compare it with that of any other insect and to interpret the arrange-
ment in terms of the general scheme of musculature of a typical maxilla.

The abductor muscle of the maxilla (ab.m.) is an unpaired muscle which takes its
origin from the lateral portion of the postoccipital ridge between the origins of the
two posterior fibres of the abductor muscles of the mandible, and it runs downwards
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and forwards to be inserted on the dorsal outer angle of the cardo. This muscle
probably corresponds to the anterior dorsal muscle of the maxilla (SNODGRASS,
1935, p. 145).

The adductor muscles of the maxilla are three in number and are attached to a strongly
developed maxillary apodeme (m.a.). A lower muscle (l.ad.) takes its origin in
front of the origin of the posterior tentorial arm, and runs slightly upwards and
forwards to be inserted close to the origin of the maxillary apodeme. The medial
muscle (m.ad.) arises near the origin of the posterior tentorial arm and has its insertion
on the free end of the maxillary apodeme. The upper muscle (z.ad.) starts from the
lateral arm of the sclerite of the anterior pharynx, and meets the free end of the

r.m.p.

v.ad.

u.s.

ab.m.

Fie. 12—Side view of the head showing the maxillary muscles and some of the pharyngeal muscles.
X 234.

maxillary apodeme. This last muscle from its position appears an exclusively ventral
dilator of the anterior pharynx, but its connexion with the maxillary apodeme
suggests that it plays some part in the movement of the maxilla as well. According
to SNoDGRASs (1935, p. 142), this muscle in other insects takes its origin on the
tentorium.

The upper muscle of the stipes (u.s.) is a long muscle which starts from the post-
occipital ridge at the level of the origin of the ventral fibre of the adductor muscles
of the mandible, and runs forwards to be inserted on the posterior upper lateral
angle of the stipes. This muscle probably corresponds to the cranial flexor of the
lacinia. As the lacinia is not a distinct structure in flea larva this muscle, which
according to SNoDGRASs has a great morphological significance and is highly
developed in other insects, has acquired connexion with the stipes.
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The lower muscle of the stipes (I.s.) is a spindle-shaped muscle, which arises from the
free end of the maxillary apodeme and runs outwards and forwards to be inserted
on the lower posterior angle of the stipes. This muscle probably corresponds to the
adductor of the stipes (SNopGRrass, 1932, p. 476).

The palpal muscle (p.m.m.) is a small muscle which starts from the middle of the
posterior external margin of the stipes and is inserted at the base of the proximal
segment of the palp.

The posterior labial adductors (figs. 9, 14, 15, 16, p.l.a.)—The labium possesses only
a single pair of strongly developed muscles. They start from the ventral ends of the
postoccipital ridge near the origins of the posterior tentorial arms, and are inserted on
the ventral posterior margin of the prementum.

VII-—Tue CepHALIC MUSCULATURE OF THE STOMODAEUM

PerFirjEW (1926) is the only author who has paid any serious attention to the
extrinsic musculature of the stomodaeum of the flea larva, but his observations, as
will be shown hereafter, are defective in certain respects.

1—2Dilatores cibarii (fig. 9, d.c.) are a pair of muscles each of which arises from the
dorso-lateral region of the anterior part of the cranium corresponding to the clypeus
and runs downwards and inwards to be inserted by three main roots near the
middle of the roof of the buccal cavity (.c.).

2—The dorsal dilators of the anterior pharynx are arranged in three paired sets and
can conveniently be called the anterior, medial, and posterior dilators. The muscles
of each side are inserted close to the median line of the dorsal wall of the anterior
pharynx (figs. 14, 15, a.p.). »

(@) The anterior dorsal dilators of the anterior pharynx (figs. 9, 12, 13, 14, a.d.) are three
pairs of muscles which arise in a regular succession one behind the other from the
cranium immediately behind the origins of the dilatores cibarii, and run similarly
downwards and inwards to be inserted in the middle of the dorsal wall of the anterior
portion of the anterior pharynx. The anteriormost pair of these is the dilatores buc-
cales as it lies in front of the nerve connectives of the frontal ganglion (f.g.).

(b) The medial dorsal dilators of the anterior pharynx (figs. 9, 15, m.d.) are four pairs of
muscles which arise from the dorso-lateral portions of the cranium immediately
behind the anterior dorsal dilators. They run downwards and inwards to be
inserted in the middle of the dorsal wall of the middle portion of the anterior pharynx.

(c) The posterior dorsal dilators of the anterior pharynx (fig. 9, p.d.) are two pairs of
muscles which arise on either side of the middle line of the roof of the cranium
immediately in front of the transverse commissures of the brain and thus lie in the
notch formed by the two lobes of the brain. They run almost vertically downwards
to be inserted on the dorsal wall of the junction of the anterior pharynx and the
posterior pharynx. FEach muscle of the anterior pair has two roots of insertions.

PerriLjEW (1926, p. 109) calls these muscles the hinder oblique dilators (die hinteren
schragen Dilatatoren).
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Fres. 13-17.—Fig. 13—Transverse section through the head passing at the level of the cardo. - X 416.
Fig. 14—Transverse section through the head passing through the anterior region of the anterior
pharynx. X 314. Fig. 15—Transverse section through the head passing through the middle
region of the anterior pharynx. X 314. Fig. 16—Transverse section through the head passing
through the middle of the brain. x 338. Fig. 17—Transverse section through the middle of
the prothorax. X 333.
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38—The retractor muscles of the anterior pharynx (figs. 12, 15, r.m.p.) are two pairs ot
muscles and the muscles of each side are placed closely to one another so as to form
a sheet. The muscles of each side take their origin from the dorso-lateral wall of
the cranium behind and external to the origins of the medial dorsal dilators of the
anterior pharynx of that side. They run downwards and forwards to be inserted
on the free end of the lateral crest of the anterior pharynx. These muscles have
wrongly been considered as dilators of the anterior pharynx by PerriLJEW (1926,
p. 109), and he calls them the anterior oblique dilators (die vorderen schrigen
Dilatatoren). In my opinion, it .is these muscles which correspond to the muscles
named by Snopcrass (1935, p. 285) the retractores angulorum oris.

4—The ventral dilators of the anterior pharynx (figs. 9, 15, v.d.a.) are two muscles which
take their origin from the tentorial bridge (¢.5.), and are inserted on the ventro-
lateral walls of the anterior half of the anterior pharynx immediately behind its
ventral transverse sclerite. It is probably these muscles which have wrongly been
designated the musculus retractor cavitatis oris by Harms (1912, p. 184). From
PerrFILJEW’S diagram and description, it appears that he mistook these muscles
for the direct continuation of the anterior fibres of the ventral dilators of the
posterior pharynx, and he calls them the posterior ventral dilators (die hinteren
ventralen Dilatatoren).

S5—The dorsal salivary muscles (figs. 9, 14, d.s.m.) are two sheets of four closely placed
fibres which arise from the ventral transverse sclerite of the anterior pharynx and
run almost directly downwards to the middle of the dorsal wall of the salivarium
(sa.). In other insects these muscles take their origin from the hypopharynx
(SnopGRrass, 1935, p. 283). These muscles have wrongly been called, by PERFILJEW
(1926, p. 109), the anterior ventral dilators of the pharynx (die vorderen ven-
tralen Dilatatoren). ‘

6—The dilators of the posterior pharynx (figs. 9, 16) are the most strongly developed
muscles in the head capsule and are arranged in two sets, the dorsal and the
ventral dilators of the posterior pharynx (p.p.). According to Harms (1912,
p. 187), the dorsal dilators are less strongly developed in the larva of C. canis than
the ventral ones, which is not the case in the larva of V. fasciatus.

(@) The ventral dilators of the posterior pharynx (v.d.p.) are two powerful muscles each
springing from the postocciput immediately behind the lower end of the post-
occipital ridge of its side. They run inwards to be inserted on the ventro-lateral
walls of the posterior pharynx. Each muscle consists of two large fans of fibres.
The spreading fibres of the anterior fan run inwards and forwards and are inserted
ventro-laterally on the anterior portion of the posterior pharynx, which lies in the
head region. The spreading fibres of the posterior fan run inwards and backwards
and are inserted ventro-laterally on the posterior portion of the posterior pharynx,
most of which lies in the prothorax. '

(b) The dorsal dilators of the posterior pharynx (d.d.p.) are muscles equally powerful as
the ventral ones. They are two in number and each springs from the dorso-lateral
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portion of the postocciput and runs inwards to be inserted on the dorso-lateral wall
of the posterior pharynx. Each muscle consists of two large fans of fibres spreading
on the dorso-lateral wall of the posterior pharynx in the same manner as in the
ventral ones.

VIII—THE DIGESTIVE SYSTEM

The alimentary canal in the flea larva (fig. 35) is practically a straight tube with
only two loops in the anterior intestine; as in other insects, it shows primary divisions
into stomodaeum, mesenteron, and proctodaeum. The position and the shape of the
various sections of the alimentary canal mentioned in the following account are
as they are seen in a living larva in the normal extended condition. In a con-
tracted larva they are liable to assume different positions in the body and in some
regions different shapes. All the intrinsic muscles of the stomodaeum are striated
as the extrinsic ones. '

(A) THE STOMODAEUM

The stomodaeum (fig. 9) can roughly be divided into four regions : (a) the buccal
cavity (b.c.), (b) the anterior pharynx (a.p.), (¢) the posterior pharynx (p.p.), and
(d) the crop (¢r.), but in addition there is an intergnathal cavity which is called by
Snopgrass (1935, p. 281) the preoral cavity (po.c.). It is bounded above by the
ventrally concave epipharyngeal wall of the labrum (/r.), on the sides by the mandibles,
and below by the labium and the maxillae. Harwms (1912, p. 184) wrongly called
this section the buccal cavity (die Mundhéhle). The hypopharynx (4.) lies within
the preoral cavity and divides it into two regions. The region anterior to the
hypopharynx is the cibarium and leads up into the mouth. The posterior narrow
region, lying between the hypopharynx and the prementum, is called the salivarium
(sa.) and into it opens the common salivary duct (c.s.d.).

(a) The buccal cavity (fig. 9, b.c.)—The mouth, which begins where the posterior
margin of the epipharyngeal wall of the labrum terminates, opens into the buccal
cavity which is a funnel-shaped structure. It'is separated ventrally and laterally
from the anterior pharynx by the latter’s transverse sclerite and dorsally by the
anterior insertion of the dorsal longitudinal muscle of the anterior pharynx (d.l.a.).
Anteriorly the buccal cavity starts at the level of the anterior'end of the hypo-
pharynx and the posterior margin of the epipharyngeal wall of the labrum.
Ventrally it is separated from the preoral cavity by a double wall ; the upper wall
is the wall of the buccal cavity itself and the lower wall runs backwards to become
fused with the inner proximal margins of the hypopharynx, prementum, and max-
illae. Judging from its musculature and general appearance, it would seem that the
greater part of this cavity belongs to the cibarium, and a considerable part of the
true buccal cavity has been incorporated in the anterior pharynx.

The epithelial cells of the buccal cavity (fig. 19, e.b.c.) have distinct cell limits
and the cells are longer than broad. Their inner surface is plain, whilst the outer
surface is irregular on account of being swollen in places. The nuclei are more or
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less oval with the chromatin condensed into big sparsely scattered granules of
irregular size attached to the nuclear membrane. The cytoplasm is slightly basophil
and has an alveolar appearance. The intima (i.) is extremely thin and smooth.
The basement membrane and the intrinsic musculature are completely absent.

(b) The anterior pharynx (fig. 9, a.p.) extends from the buccal cavity to the anterior
margins of the circumoesophageal connectives. At the beginning it is much com-
pressed dorso-ventrally so that it is broader transversely than dorso-ventrally. It
is crescentic in shape when seen in cross-sections (figs. 14, 15, a.p.) owing to the
formation of the lateral crests. Further back this crescentic shape is intensified
owing to the increase in its depth. The upper portions of the outer walls of these
lateral crests are strengthened by longitudinal thickenings of the intima so as to form
sclerotic plates. These two plates are connected together at the commencement of
the anterior pharynx by a strong transverse thickening of the ventral intima of the
anterior pharynx. This U-shaped sclerite (fig. 18, sc.) affords points of attachment
for the pharyngeal muscles and certain other muscles of the head capsule. A similar
sclerotic plate has been described by Snoparass (1935, p. 302) in the sucking pump
of bees, and according to him its arms possibly ‘ represent the oral arms of the
hypopharyngeal suspensoria of more generalized insects”. In the roof of the
anterior half of the anterior pharynx there is another sclerotic plate (figs. 9, 14, 15)
formed by the thickening of the intima, which is fused with the lateral arms of the
U-shaped sclerite. The lateral portions of the dorsal sclerite are slightly folded so
as to form prominent ridges. These extend from the anterior to the posterior
end. In the posterior half of the anterior pharynx there appears a dorsal median
ridge which gradually increases in size from before backwards. The rest of the
intima of the anterior pharynx is thin and smooth.

The epithelial cells of the anterior pharynx (fig. 20, e.p.) are more individualized
than those of the buccal cavity. They are columnar in shape, viz., broader than
long. The inner and outer surfaces are almost smooth. The nuclei are similar to
those of the epithelial cells of the buccal cavity. The basement membrane is
absent.

The intrinsic musculature is highly specialized. The longitudinal and circular
muscles do not form complete layers but are represented by a few incomplete fibres.
Harwms (1912, p. 185, pl. xiii, fig. 5) describes and figures in C. canis a transversely
running muscle which according to him binds the upwardly bent sides of the anterior
pharynx. This he considers to be the musculus transversalis pharyngis of other insects.
I have failed to find a similar muscle in this larva. It appears to me that Harms
has mistaken the frontal ganglion connectives for a transverse muscle. The frontal
ganglion connectives coming from the frontal ganglion look very much like a trans-
verse muscle (see figs. 15, 18, f.g.).

The dorsal longitudinal muscle of the anterior pharynx (figs. 9, 14, 15, d.l.a.) is a powerful
muscle connecting the anterior end of the anterior pharynx with the anterior end of
the posterior pharynx. It lies in the dorsal trough of the anterior pharynx between
the points of insertion of the dorsal dilators of both sides.
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The circular muscles of the anterior pharynx (figs. 9, 15, ¢.m.) are four transversely
running muscular arcs connecting the lower margins of the lateral arms of the U-
shaped sclerite and thus surround this section ventrally behind the insertion of its
ventral dilators (v.d.a.).

(¢) The posterior pharynx (figs. 9, 18, p.p.) begins immediately behind the insertions
of the posterior dorsal dilators of the anterior pharynx (p.d.). It differs from the
anterior pharynx in having powerful complete circular muscles. It appears spindle-
shaped when seen from the side and extends to the posterior end of the prothorax.
It gradually enlarges for the first two-thirds of its length and then gradually decreases
in diameter for the posterior third. In cross-section the lumen of'its extreme anterior
region is narrow and has the outline of a regular hexagon surrounded by complete
circular muscles, but for its greater part the dorso-lateral and the ventral sides are
shorter than the remaining three sides of the hexagon and they bend inwards so as
to form internally directed longitudinal folds (v.f., I.f.), thus making the lumen of the
posterior pharynx sub-triradiate (fig. 17, p.p.). Thus the whole posterior pharynx
is a spindle-shaped prism. The intima of the posterior pharynx is thicker than the
general intima of the anterior pharynx. In the region where the three longitudinal
folds are formed the intima is thick and smooth on the three large sides, but it is
extremely thin and flexible on the short sides. This allows the dilation of the
posterior pharynx at the time of feeding.

The epithelium (fig. 21, ¢.l.) is very much flattened and there are no cellular
limits. Its internal and external surfaces are smooth and straight. The nuclei
are larger than those of the epithelia of the preceding two sections. They are
sparsely scattered and are flattened so that they appear elongate-oval in longitudinal
sections. The basement membrane is absent. The intrinsic musculature consists
of powerful circular muscles (fig. 18, ¢.m.). The fibres of these circular muscles
give branches anteriorly and posteriorly in the middle of the dorsal side so as to
constitute a dorsal longitudinal muscle (figs. 17, 18, d.l.p.). The absence of well-
developed longitudinal musculature in both the sections of the pharynx is associated
with the fact that the function of the longitudinal muscles is taken up by their
dilators. Harwms (1912, p. 187) failed to find any longitudinal muscle in this section
of the stomodaeum. The circular muscles at its junction with the crop are more
closely placed and powerful. ,

Contrary to the usual practice of previous workers on the flea larva, I have
designated this section of the stomodaeum the posterior pharynx, a name usually
adopted for a similar section of the stomodaeum in Coleoptera and Orthoptera
(SnopcRrass, 1935, p. 285). Owing to an abundant supply of the cranial dilators
to this section of the stomodaeum, it is a mistake to call it the oesophagus, which
name, as pointed out by Snoparass (1935, p. 852), is confined to ““ the narrow part
of the stomodaeum following the pharynx that is not differentiated for purposes other
than that of food conduction . There is no section of the stomodaeum of the flea
larva which could be called the oesophagus in this sense. On account of the presence
of most highly developed musculature, both intrinsic and extrinsic, this section
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plays an important part in the ingestion of food through suction and is not a mere
tube of passive food conduction.

From Harwms’s description and figure (1912, p. 185, pl. xiii, fig. 6), it appears that
the posterior pharynx of the larva of C. canis differs considerably from that of this
species. To me it appears that these differences are more due to his erroneous
interpretation of facts than to reality, as he based his account only on the examination
of a few cross-sections of this organ.

(d) The crop (fig. 9, ¢r.)—The posterior pharynx passes near the hinder end of the
prothorax into a cone-shaped sac, the crop. The shape of the crop varies according
to the quantity of the food present in it. It extends up to the posterior end of the
metathorax. When the crop is full the posterior end of the posterior pharynx appears
to be invaginated into its anterior end like a stomodaeal valve. The epithelium
(fig. 22, ¢.l.) isin the form of a syncytium with its outer surface plain and inner surface
irregular and produced into lobes. The nuclei are sparsely scattered and are confined
to the lobulated portions. They are round or oval and the chromatin is condensed
into fewer and bigger granules than those of the nuclei of the posterior pharynx. The
meshes of the cytoplasmic network are coarser than those of the posterior pharynx.
The intima (z.) is extremely thin and plastic and forms, in certain places where the
epithelium is swollen, dome-shaped protuberances each having a chitinous spinule
at its apex. These dome-shaped protuberances are well separated ; they are
scattered irregularly all over the crop and when seen in cross-sections give the false
appearance of folds, and Harwms has mistakenly described them as longitudinal folds.

The musculature consists of inner circular muscles (¢.m.) and outer longitudinal
muscles (I.m.). The circular muscle fibres, though well developed and closely
placed, are not so powerful as in the posterior pharynx. The longitudinal muscles
are composed of six well-separated narrow fibres running from the anterior end to
the posterior end of the crop. Harwms (1912, p. 189) failed to find longitudinal
muscles of the crop in the larva of C. canis.

The stomodaeal valve (figs. 9, 22) is poorly developed and is represented by a
circular constriction forming a circular fold internally at the junction of the crop
and the mesenteron. It does not project into the mesenteron and acts merely as
a sphincter. The stomodaeal wall and the wall of the mesenteron are well separated
and the space between them is occupied by musculature of both the sections. At
the junction of the stomodaeum and the mesenteron there is a complete stomodaeal
imaginal ring (s.z.). The cells of the imaginal ring are well individualized and are
much smaller than those of the mesenteron (m.e.) and are strongly basophil. Their
cytoplasm is compact and homogeneous. In front of the imaginal ring there is an
aggregation of the dome-shaped protuberances, which represents a poorly developed
proventriculus and acts only as a valve and a poorly developed sifting organ. The
epithelium of the proventriculus is a syncytium and has closely placed nuclei. Accord-
ing to Harms (1912, p. 190, pl. xiii, figs. 7, 8), in C. canis this constriction is confined
to the dorsal half, which opinion, I believe, is due to an error of observation and that
the ring is really complete. Consequently his statement, * Infolge dieser eigen-
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Fics. 18-25 —TFig. 18—Dorsal view of the anterior portion of the stomodaeum. X 200. Fig. 19—
Epithelium from the dorsal side of the buccal cavity of a third-stage larva with two epithelial cells
of the anterior pharynx above, the intima of the buccal cavity is torn off from the epithelium,
longitudinal section. X 2143. Fig. 20—Epithelium from the dorsal side of the posterior region
of the anterior pharynx of a third-stage larva, longitudinal section. X 2291. Fig. 21—Epithe-
lium of the posterior pharynx of a third-stage larva, longitudinal section. X 2000. Fig. 22—
Longitudinal section through the stomodaeal valve of a third-stagelarva. x 571. Fig. 23—Two
digestive cells showing the phenomenon of secretion formation. X 1111. Fig. 24—Longitudinal
section through the wall of mesenteron of a third-stage larva showing the transformation of
regenerative cells into the digestive cells. X 1105. Fig. 25—Longitudinal section through the
mesenteric epithelium showing the process of disintegration in the digestive cells. X 729.
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tiimlichen Verhaltnisse ist bei unserer Larve ein vollstandig geschlossener Imaginal-
ring, wie er sich bei sehr vielen Insekten am Ubergang des Vorderdarms in den
Mitteldarm findet, nicht ausgebildet”, is incorrect, as there is no known case in
insects in which the imaginal ring is incomplete as he considers to be here the case.
WagnNer (1935, pl. iii, figs. 1, 7) observed a complete imaginal ring in the larva of
P. irritans.

(B) THE MESENTERON

The mesenteron (fig. 35, me.) is in the form of an elongated sac and stretches as a
straight tube from the anterior end of the first abdominal segment to the posterior
end of the sixth abdominal segment. It shows variation in its diameter at different
places on different occasions and this is due to the presence of a variable quantity
of food. Usually it becomes narrow towards the posterior end. It does not possess
any caecal appendages or accessory structures of any sort.

The peritrophic membrane (fig. 9, p.m.)—The presence of the peritrophic membrane
has been described for the first time in the order of Siphonaptera in the larva of O.
wickhami by WiceLEsworTH (1930, p. 607). It has also been reported in the larva
of P. irritans by WaGNER (1935, p. 268). It is present in the form of an extremely
delicate membrane in this larva. According to WiccLEsworTH (1930, p. 596), in
Diptera it is formed by a circular band of specialized cells confined to the anterior
end of the mesenteron, and in the formation of this membrane a slight chitinous ring-
like thickening on the opposite stomodaeal wall plays an important part and acts
as an annular press. In the larva of O. wickhami, according to him, the annular
press is formed by the thickened chitin of the margin of the stomodaeal invagination
which is reflected over and is closely applied to the cells which secrete the peritrophic
membrane. Such a chitinous annular press does not exist in the larva of V. fasciatus,
but the stomodaeal imaginal cells (s.i.) form an annular thickening which presses
against the mesenteric cells and thus may act as an annular press. As to the mode
of formation of the peritrophic membrane, I cannot agree with WIGGLESWORTH
that it is exclusively formed by the anterior mesenteric cells. It is extremely difficult,
however, to come to any definite conclusion as to its mode of formation. I have
often found it lying very close to the entire mesenteric epithelium, thus giving the
appearance of having been formed from it.

The epithelium of the mesenteron (figs. 9, 22, m.e.) is much thicker than that of the
stomodaeum and is made up of discrete cells with well-defined cell boundaries
resting on a basement membrane. They are of two kinds, the large digestive cells
and the small regenerative cells (fig. 24, o.d.c., r.c.). The digestive cells form the
functional epithelium of the mesenteron of the larva and possess a striated border
on their inner surface.

According to Harms (1912, pp. 191, 197), there are two histologically but scarcely
morphologically differentiated parts in the mesenteron of the larvae of C. canis and
P. irritans. The digestive cells of the anterior section are high with their irregular
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inner surface forming villi, and he considers them to be exclusively secretory in
function. Those of the posterior section, which are low and rectangular in shape
and have a straight inner surface without forming villi, are, according to him, absorp-
tive in function. WacNer (1935, pp. 266-270), who examined the larva of P.
irritans, has clearly shown that there exists no such differentiation into well-defined
sections such as is mentioned by Harms. I have not seen any such well-defined
histological differentiation in the larva of V. fasciatus in any stage. The digestive
cells (figs. 9, 22, 24, 0.d.c.) are usually columnar in shape, but they vary a great deal
in appearance according to the state of the digestive processes. In those parts
(fig. 23) where the mesenteron is considerably widened they become flattened and
sub-rectangular in shape. At certain times they (figs. 9, 25) project into the
mesenteric lumen in the form of finger-like processes resembling villi, either
individually or in groups, and thus give the mesenteron a shaggy appearance. These
cells have a frothy appearance owing to the presence of large vacuoles and have been
considered by HarwMs as secretory cells and by WAGNER as cells in the secretory
phase. There is no definite distribution of these cells, as was already pointed out by
WaceNER (1935, p. 270), and they are scattered throughout the mesenteron but are
more numerous in the anterior region than in the posterior region. They always
alternate with either columnar or rectangular cells. My personal observations
have led me to conclude that there is no differentiation of digestive cells in con-
formity with the dual function of secretion and absorption, and each cell is capable
of performing both functions as is the case in most other insects. In this respect I
am in complete accord with WAGNER’s statement (1935, p. 270), “ dasz der physio-
logische Charakter der Epithelialzellen des Mitteldarmes nur ein zeitweiliger ist,
d.h. jede Zelle kann, unabhéngig von ihrer Lage, potentiell entweder eine sekre-
torische oder eine resorbierende Funktion verrichten .  The cytoplasm is granular
and basophil in cells devoid of bigger vaculoes but in cells with larger vacuoles it
is spongy and eosinophil. The nuclei show variation in form and size and they
are spherical to ovoid in shape and occupy different positions in the cells. The
chromatin is condensed in the form of sparsely scattered unequal granules, of which
one is usually larger than the others. According to Harwms, some of the nuclei have
the chromatin condensed into a ball in the centre and surrounded by a halo. These
nuclei were apparently undergoing pycnotic degeneration, and such nuclei are
found in cells undergoing disintegration in this larva as well.

The discharge of secretion products by vesicular extrusions in the form of big
vacuoles following the destruction of the striated border has been described by
Harms (1912, p. 193) in the larvae of C. canis and P. irritans. He observed the
absence of nuclei in some of these cells and some disintegrated cells in the mesenteric
lumen, and consequently he believed in the possibility of the destruction of some of
these cells during secretion formation. According to WAGNER (1935, p. 266), the
secretion takes place in the form of big secretory spherical droplets (Sekretkugeln) of
different sizes, most of which are homogeneous, but many of which are granular and
vacuolated and have a frothy appearance and are formed from the frothy proto-
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plasm (“‘ schaumiges Protoplasma *’) of the cells in the secretory phase. According
to him, some cells are destroyed during the process of the energetic secretion.

The digestive cells, as pointed out before, at certain times have irregular forms
and they project into the mesenteric lumen to such an extent that they block a
considerable portion of it. In sections these processes are often cut in different
positions and look like spheres of frothy protoplasm of different sizes, some
nucleated, some enucleated. Most of these, in sections which I have examined,
were surrounded by striated border and, when examined in adjacent sections,
they show continuation with the digestive cells, and are thus parts of the digestive
cells. Inmy opinion, itis possible that some of the secretory spheres and degenerate
cells observed by WAGNER may be nothing else but frothy cells cut in different
directions. WAaGNER (1935, p. 267) has counted thirty-nine such degenerate cells
in the anterior section of the mesenteron of a two days old first-stage larva, and it is
hardly possible for the regenerative cells of a two days old larva to cope with such a
great loss. According to my observations, this great protrusion of some of the
digestive cells into the lumen is either due to one or both of the following two causes.
Firstly, it is in abundance in certain regions of the mesenteron of third-stage larvae,
which are either completely devoid of food or where there is very little food. Thus
the protrusion of cells is possibly the result of either contraction of the circular
muscles or of excessive absorption of the nutritive substances or may be due to both
causes. In larvae in which the mesenteron is full of food, such protrusions of cells
are absent. Secondly, the cells project enormously into the lumen at times when
they undergo the process of disintegration (fig. 25, d.b.). In partially fed first-
stage larvae less than twenty-four hours old, the protruded cells were absent. Accord-
ing to my observations, the presence of large vacuoles and the projection of cells
have little connexion with the act of secretion, as secretory products (figs. 23, 24,
sc.p.) are always much more abundant outside the low cells than outside the high
cells. According to Yune-Tar (1929, p. 53), ““ La présence des gouttelettes grais-
seuses d’une taille quelconque coincide le plus souvent avec certains aspects indiquant
une dégénérescence des cellules qui les renferment”’, and I am fully in accord with
him. The first conclusion of mine finds support in the description and diagrams of
WAGNER as the enlarged protruded cells said by him to be in the secretory phase are
always in regions where the diameter of the mesenteron is much less than where the
so-called absorbing cells are located. WaceNer (1935, p. 270) himself observed in a
grown-up larva only a few weakly protruding cells at the anterior and the posterior
end of the mesenteron, showing thereby that the protrusion of cells is a transitory
phenomenon and has nothing to do with secretion formation.

I cannot agree with WAGNER’s suggestion, ““ dasz bei Flohlarven die sich von den
Krypten absondernden Zellen zunichst resorbierende Zellen sind und erst spater
beginnen Sekret auszuscheiden ; ist die Ausscheidung des Sekretes energisch—
dann geht die Zelle bald zugrunde, ist der Prozess ruhiger, so lebt sie weiter, kann
sich aber doch nicht mehr in eine resorbierende verwandeln . According to my
observations, the digestive cells recently transformed from the regenerating cells
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are at first secretory (fig. 24, o.d.c.), later on absorptive, and then undergo disin-
tegration. '

It appears that both these foregoing authors have confused three distinct pro-
cesses, viz., the absorption, secretion, and disintegration happening in the digestive
cells. According to my observations, these three distinct processes occur on different
occasions, but there is an overlapping of one over the other. During absorption the
cells are highly vacuolated and the vacuoles are bigger in size and are formed as a
result of absorbed substances being taken in the cell. The vacuoles in the cells in
the absorptive phase are occupied by fat droplets in life, as is mentioned by Yunc-
Tar (1929, pp. 51,76). At certain times, due to the conditions mentioned above, the
digestive cells protrude into finger-like processes projecting into the lumen. They
show greater affinity for eosin. The striated border, except when the cells undergo
disintegration, is always intact.

During the secretory phase, the cells are more basophil and the vacuoles are fine.
In addition, in these cells there are strongly basophil inclusions which are considered
by Yune-Tar (1929, pp. 69, 76) to be secretory products. The secretion products
are discharged in the form of extremely fine homogeneous vesicular droplets (sc.d.)
which ooze out through the canals of the striated border, as is shown in fig. 23.
There is no destruction of the striated border such as is mentioned by Harwms.
Finally, these droplets burst and the secretion lies outside the striated border
(figs. 23, 24, sc.p.) without injuring the latter. Thus the secretion formation is purely
merocrine. These fine droplets have often been confused with big bud-like vesicular
extrusions which are the result of cell disintegration, and it is thus that the con-
troversy as to the method of secretion formation has arisen. The disintegration of
cells (fig. 25, d.b.) takes place by the formation of highly vacuolated big spherical
buds. The wall of these buds is always devoid of striated border. These buds
increase in size enormously and become separated off from the main cells. Some-
times they contain a nucleus undergoing pycnotic degeneration (n.p.). This
disintegration has been interpreted by WAGNER as a method for the energetic dis-
charge of secretion products in the larva of P. irritans, and by some workers in other
insects. This interpretation has been challenged by Yunc-Tar (1929, pp. 54, 76,
83) and by Henson (1929, pp. 93, 101). According to both these authors, the
secretions are always in the form of a diffusible liquid and the buds and globules
given off from the digestive cells have all the characteristic appearances of cyto-
plasmic disintegration products. The disintegration, according to my observations,
always takes place in the protruding cells but never in the low cells. From WAGNER’s
description it appears that the same occurs in P. irritans.

The regenerative cells (fig. 24, r.c.) are much smaller in size and have a dense
chromatic texture. They are arranged in groups called nidi between the bases
of the digestive cells against the basement membrane. They are concealed between
the bases of large digestive cells and are not visible either from the internal or external
aspect of the mesenteron, except a little before the defaecation period, when they
project outwards into the body cavity as button-shaped swellings (fig. 73, me.).
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According to Harms (1912, p. 197), in the larvae of C. canis and P. irritans, and
according to PERFILJEW ( 1926, p. 112), in the larva of L. pectiniceps, the regenerative
nidi are more numerous in the anterior half than in the posterior half. They are
equally abundant all over the mesenteron of the larva of V. fasciatus, but they
protrude externally and increase in dimensions progressively from before back-
wards, and thus they appear at certain periods of the thlrd-stage larva to be more
prominent in the anterior half than in the posterior half. It is possible that both
the foregoing authors examined the larvae at this stage and thus thought them
to be more numerous in the anterior half than in the posterior half. The cyto-
plasm is homogeneous and strongly basophil. The nuclei are comparatively large
as compared with the size of the cells and are provided with equal sized chromatin
granules.

The replacement of digestive cells by proliferation of regenerative cells has been
described by Harms (1912, p. 195). According to WagNeR (1935, p. 271), there is
a transformation of the regenerative cells into the usual digestive cells in the larvae
of different stages. I have observed a similar transformation in an early third stage.
Fig. 24 clearly shows that there is a complete gradation in size from the smallest
regenerative cells to large columnar digestive cells. It may be presumed, therefore,
that cell differentiation at the expense of regenerating cells (r.c.) takes place, thus
suggesting their recent formation from regenerative cells. The next question is
whether there is a complete or partial replacement of digestive cells accompanying
each moult. The facts given by WAGNER are insufficient to lead to any definite
conclusion as to complete replacement, and I have not followed the changes in all
the three different larval stages, but that partial replacement accompanies each
moult is certain.

The musculature of the mesenteron (fig. 22) is more weakly developed than in
the stomodaeum and the proctodaeum. It consists of inner fine circular fibres
(¢.m.) and outer closely placed numerous longitudinal fibres (l.m.).

(C) THE PrROCTODAEUM

The proctodaeum (fig. 35) commences in the beginning of the seventh abdominal
segment and is differentiated into five regions : (a) the pylorus (y.), (b) the ileum
(il.), (c) the colon (co.), (d) the rectal sac (.s.), and (¢) the rectum proper (r.).

(a) The pylorus (py.) is a well-defined sub-spherical chamber which lies immedi-
ately behind the mesenteron. There is a well-developed complete internal circular
fold (fig. 26) in about its middle, which is composed exclusively of proctodaeal
imaginal cells (p.i.) and which serves as a pyloric valve (p.v.). The latter structure
is thus exclusively of proctodaeal origin and not of ventricular origin as mentioned
by Harms (1912, p. 198) in the larva of C. canis: The working of the pyloric valve
is controlled by two powerful circular sphincter muscles (s.m.), which are enclosed
within the external cavity of this fold. The smaller anterior section of the pylorus
in front of the valve is extremely thin-walled as it is lined with proctodaeal imaginal
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c.m.

Fics. 26-33—Fig. 26—Longitudinal section through the wall of the pylorus. x 868. Fig. 27—
Transverse section through the ileum. X 894. Fig. 28—Transverse section through the colon
near the bend where the longitudinal muscles are crowded on one side. X 1061.  Fig. 29—
Longitudinal section through the junction of the colon and the rectal sac, on the upper side it
passes through a fold of the colon. X 439. Fig. 30—Transverse section through the rectal sac
in the contracted condition. x 503. Fig. 31—Transverse section through the rectal sac in the
dilated condition. x 281. Fig. 32—Median longitudinal section through the tenth abdominal
segment showing the musculature of the rectum. X 218. Fig. 33—Epithelium of the ventral
wall of the rectum close to the rectal sac. X 1364.

3R 2



492 ,‘ - M. SHARIF

cells and is completely devoid of circular muscle fibres. It is bounded anteriorly
by the high cells of the posterior end of the mesenteron forming a sort of fold.
The greater posterior portion of the pylorus is thick-walled and is lined with ordinary
larval epithelial cells, similar to those of the ileum, but not thrown into longitudinal
folds. The two anterior circular muscles (c.m.) of the posterior pyloric section lie
outside some of the longitudinal muscles (l.m.) of the pylorus. The cuticular intima
(¢) of the pylorus is thin and smooth.

(b) The ileum (il.)—The pylorus is followed by a U-shaped ileum. The anterior
end of the lower limb, which is in direct continuation with the pylorus, is enlarged
so as to form a funnel-like dilatation, which is wrongly considered to be the pylorus
by Harms (1912, p. 198) in the larva of C. canis. It runs backwards to the middle of
the eighth abdominal segment and bends upwards. The upper limb runs parallel
to the lower limb as far as its anterior end.

The epithelium (fig. 27, e¢.l.) is thrown into longitudinal folds which enclose
external cavities. Their number varies from six to nine, but six of them are always
bigger and more prominent than the others. These folds are more strongly
developed in the anterior funnel-shaped portion than in the posterior portion. The
epithelial cells are more or less rectangular in shape and well individualized. They
become longer in the posterior region. They become swollen in the regions of
folds and the nuclei are found in the swollen portions. Harms (1912, p. 200)
failed to recognize the cell boundaries in the larva of C. canis. He only based his
conclusion on the examination of transverse sections, and I have also found that in
the transverse sections the cell limits are not recognizable. But, on the other hand,
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